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the median frequency from the DPD tremor test; Luria Nebraska items 22R, 221, 231
and questionnaire items depression, iritation and tiredness. Group 2 showed the
presence of a more substantive exposure-response relationship. It consisted of only 4
tests and included the WHO Digit symbol and digit span tests, subjects’ perception
that they had sex less often than normal, and the LN item TR which had a step to a
poorer score at high exposure. Group 3 cootained the overwhelming majority of test
results (almost all the questionnaire items, almost all the DPD tests - including sway
and diadochokinesia - and the clinical test) for which exposure effects were either null

OF i a counterintuitive direction

Conclusion: Neuro-behavioural effects based on respirable dust as the exposure
metric and below the new occupational exposure limit (0. lmg/m’ respirable Mn or
fess than category 4 when exposure is categorised) proposed by the 1EH are few and
unconvincing when appropriately adjusted and when the character of exposure-

response relationships is closely examined.



2.1 Literature review

There has been increasing interest in the chronic nervous system effects of long term
occupational Manganese (Mn) exposures below the American Conterence of
Governmental Industrial Hygienists (ACGIH) Threshold Limit Value (TLV) for
inhalable dust of ()A21rng\/m;x [ACGIH, 1996], and in environinental exposures at or
above the United States Environmental Protection Agency reference concentration
(US-EPA RIC) of O,(‘)S;‘Lg/mx [IRIS, 1999] sparked by increasing use of the gasoline
anti-knock additive Methylcyclopentadienyl Manganese Tricarbonyl (MMT) [US-

EPA 1994] [Frumkin et al, 1996].

Manganese is an essential element for normal body processes. The estimated daily
dietary intake is 2-5 mg per day. Other than through dietary intake, exposure can

occur in both the occupational (e g manganese ore mining, manganese alloy

production) and environmental (e.g. mining, toxic dump sites) settings [Mergler et al,
1907] The primary occupational use is in the manufacture of steel (to impart
hardness). 1t 1s also used in the production of dry-cell batteries, ceramics, matches,
welding  rods, fertilizers, and dyes  Occupational exposure, i comparison to
environmental exposure, 1s at higher levels and more wvariable, but this is
ounterbalanced by the healthy worker eflfect (those in employment are generally
healthier than the rest of the community). The primary route of entry in occupational

settings is inhalation, however imgestion also plays a role.

Adverse health eftects, from excess exposure, manifest mainly as neurological effects
It has been hypothesised [Mergler et al, 1999] that early neuro-functional alterations
may be followed by sub-clinical abnormalities and ultimately clinically manifest
neurological disease or manganism  Clinical manganism presents  with  extra-
pyramidal dysfunction (similar to Parkinsonism) and neuro-psychiatric symptoms,
and has not been reported at exposure levels below Smg/m’. Other clinical eflects
include respiratory, cardiovascular, reproductive and developmental toxicity | Frumkin
et al. 1996].  Once neuro-toxic eftects mamfest clinically, damage is essentially
irreversible [Iregren, 1994| Therefore, focus has shified to the early manifestations,

as early detection is important for the prevention of ongoing exposure.



Iregren (1999) reviewed 13 studies ol manganese exposed workers, showing mostly
motor eflects with tests for finger tapping, diadochokinesometry and Luria-Nebraska
(LN) items, along with postural tremor and sway abnormalities. Pegboard, memory,
reaction time and cognitive tests were less conclusive. More recently, Lucchini et al.
(1999) found Mn effects with World Health Organisation Neuro-behavioural Core
Test Battery (WHO NCTB) and LN tests in smelter workers at inhalable exposure
intensity levels around 0. 1mg/m’. Mergler et al (1999) and Beuter et al (1999) found
subtle neuro-behavioural effects and exposure-age interactions with environmental
exposures measured as blood manganese (MnB). As part of the same study Bowler et
al (1999) Tound mood effects, while Hudnell et al (1999) located these exposure-
response relationships at environmental concentrations around the US-EPA RIC.
Roels et al. (1999) in a prospective study, showed reversibility of effects below
0.1mg/m’. These studies have raised concerns that the ACGIH TLV might be too high
to protect against neuro-behavioural eftects. On the other hand, no effects were found
by either Gibbs et al. (1999) at occupational exposures averaging ().}Smg/mﬁ total
dust, or by Deschamps et al (2001), at exposures averaging below 01 Sn’xg/m}.‘ over a
20-year pertod. Myers et al (2003) also evaluated a comprehensive range ol
endpoints, with levels of exposure (using inhalable dust) ranging from environmental
to industrial, and found little convincing evidence for a continuum of effects from

neuro-functional to sub-clinical to clinical.

Biological monitoring using blood and urine Mn have been reported as not being
suitable exposure metrics because of high variability [Levy et al, 2003]. It has been
hypothesised that systemic effects are more likely to be associated with the respirable
fraction, which the UK Institute for Environment and Health (IEH) has recently
recommended as the most biologically appropriate measure of exposure to airborne
Mn for evaluating health effects. Based on three key studies by Roels et al (1992),
Gibbs et al (1999) and Myers et al (2003) the IEH recommended occupational
exposure limits as O.Img/m’ respirable Mn. A supplementary limit of 0.Smg/m’
inhalable Mn was also recommended as a safeguard, in case gastrointestinal
absorption, subsequent to inhalation, 13 not insignificant. The latter 1s quite likely in

- . 1
the ferroalloy industry where most workers exposed to Mn work.

' Personal communication with Prol | Myers, University of Cape Town.



There 1s still insutficient scientific information relating to the neurobehavioural and
indeed other effects of respirable Mn as very few studies have used respirable dust as
the exposure metric [Gibbs et al, 1999] More generally problems with the relatively
few existing studies using inhalable dust as the metric include small numbers of
exposed subjects, non standard possibly msensitive neurobehavioural tests, and
relatively poor consistency across studies for exposure eftects and especially for the

character of exposure-response relationships.

This cross-sectional study of exposure, using respirable dust (instead of inhalable
dust) as the exposure metric, in relation to neurobehavioural outcomes among large
numbers of terroalloy workers aimed to shed further light on associations between
these outcomes and biological exposures, biological effect measures and atmospheric
exposure i the form of intensity and cumulative exposure based on either the current
job or across all exposed jobs It was not possible in this study to meamngfully
disentangle chronic from acute effects of manganese exposure and accordingly the
relationship between the cumulative exposure index (CET) an integrated intensity-
duration exposure measure across jobs and a number of neurobehavioural endpoints
was mvestigated. Selection of endpoints was based upon those reported in the state-
of-the-art review of the scientilic literature by lregren (1999) which recommends that
the test battery should include tests of motor function, response speed, memory and

rating scales of mood and subjective symptoms.

This study sought to examine the hypothesis that exposure response analysis based on
the respirable dust exposure metric for Mn would be more sensitive than that based on
an inhalable exposure metric.  An analysis of data from this study based on inhalable
M did not find any convincing Mn effects [Myers et al, 2003]. As in the latter study
“exposure-response relationship” denotes the existence of structure beyond a simple
diflerence between external referents and all the exposed and/or between the internal
referents and the rest of the exposed, while “continuity of response” denotes
continuing incremental nmpairment in function as exposure increases. Scientific
understanding of the impact of Mn exposure on tunction leads to the hypothesis that
the exposure-response relationship should show no impact on function (or a
threshold) at low exposures, given that Mn is an essential element in human nutrition,
followed by a continuity of response at higher levels of exposure beyond that

threshold.
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2.2 Description of plant

The works includes eight production facilities - four plants, which are Mn smelters,
and some non-Mn metals plants. Mn ore (containing from 30-50% Mn in various
oxide states) arrives at the works from the company’s two mines (Photo A). The Raw
Materials section orders, receives, and supplies incoming ores, sinters, reductants
(coal, coke), fluxes (slag and quartz) and, scrap steel to the various Mn and non-
ferrous smelters. The Raw Materials section is also responsible for crushing and
sorting furnace slag. Mn-containing ores arrive via rail car at the smelters. Raw
materials and fluxing agents (coal, coke, Mn ore, and quartzite) are combined into the
appropriate smelt balance, which is fed to furnaces. Smelting temperatures exceed
3000°C. As the Mn-containing ore is smelted, manganese oxides are reduced (e.g.,
Mn;04, MnO,, >Mn) towards an elemental state. Molten ore loads are cleared from
the furnaces by tapping (Photo B). Once the tap hole is open, molten Mn metal (and
slag) flows from the furnace through a sand-filled runner, to ladles in the tap bays
(Photo C). Slag is separated from the melt as it flows from one ladle to the next. The
ore is cast in the casting bay where it is poured into “fines” beds. Afier cooling, the

casts are removed with a front-end loader (Photo D). [NCOH Report, 2000]

10



2.3 Objectives

L2

b

To determine the demographic characteristics of workers

To determine the level of worker exposure using respirable dust as the
exposure metric

To determine the neuro-behavioural performance and other nervous
system related outcomes for workers

To determine associations between exposure (exposure intensity and

cumulative exposure) and outcome measures
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Table 2: Job-exposure matrix (respirable dust in mg/m®)

|| Legend:

blue - direct measurements, green - estimates and red - interpolations

Arithmetic Smelt | Chem | Smelter | Smelter | Smelt | Ad Rail Hostel Metal Work Con Stores MHD Lab All Silos Ad Securi | Phase | Base | Pro
er2 ical 3 1 er 4 valloy way loys service struc plant min ty 2 ject
respirable dusts plant line tion
‘Mg/m3)
Tapper 0.3 0.51 0.18 0.01 0.3 0.3
Sorter of stones 0,3
Driver of pegger 0.3 0.07
Maintenance, 0.04 0.005 | 0.35 0.23 0.01 0.005 0.004 0.004 | 0.004 0.05 0.0035
assistant mechanic,
Mechanic,
Assistant fitter,
Builder
Group leader 0 0.005 | 0.35 0.2 0.008 0.03 0.03 1 0.007
Labourer 0.3 0.005 | 0.3 0.2 0.008 | 0.2 .02 0.005 0.3 (.004 0.004 | 0.004 0.08 0.09 0.04 0.007 (.0 0.0]
Crane driver 0.08 0.5 0.5 0.03 | 0.08 0.02
Cleaner 0.08 0.03 0.03 0.004 0.004 | 0.08 0.007
Stoker 0.18 0.01 0.3
Crane anchor 0.08 0.5 0.5
Cast floor worker (0.5 0.11
Process operator 0.08 | 0.003 | 0.07 0.07 0.01 0.08 0.01 0.01 0.08 0.04
Cook 0.004
Paste loader 0.3 0.15 0.3
Supervisor 0.04 0.004 | 0.07 0.18 0.008 0.004 .03 0.04
Tippler driver 0.34
Loco driver 0.08 0.0] 0.02
Fireman 0.008
Crane hooker .34 .03
Furnace operator 0.08 0.07 0.07 0.01
Gasplant operator 0.08 0.07 0.01
Storeclerk (.03 0.03 0.003 0004 0,007
Manager 0.005 0.03 0.008
Superintendent 0.003
HR officer 0.03 0.003 0.02 0.003
Driver 0.08 | 0.005 | 0.5 0.18 0.003 (.01 .01 0.02 0.008 | 0.008
Radio operator 0.3
Grinds ore 0.3
Engineer 0.005 | 0.07 0.07 0.008
X ray operator ) .04
Lab analyst 0.07 0.04
Casualty officer (0.007
Plant attendant 0.3 0.005 0.008 0.08
Security 0.007 | 0.004
Cutter 0.004
Production n.005

technician




A cumulative exposure index (CEl) in mg-years/m’ respirable dust was calculated for
each subject by summing the products of the average exposure intensity (using
anithmetic means) for each job worked by the subject and the number of years this
activity was performed. This was divided by total years of service (I.OS) in the
smelter works to yield a measure of average exposure intensity across all exposed

jobs (INT) in mg/m’.

BIOLOGICAL EXPOSURE AND BIOLOGICAL EFFECT MEASURES:

First voided urine specimens were brought i by subjects on the day of testing along
with two weeks’ growth of toenail clippings. Venous blood specimens were collected
each day during the testing session between 12 noon and 2 pm, with precautions taken
to avoid contamination. Specimens were kept on dry ice and sent immediately for
analysis of blood manganese, urine manganese and serum prolactin levels to the
National Centre for Occupational Health (NCOH) and the South African I[nstitute for

Medical Research [aboratories, respectively.

Endpoints included items from the Swedish Nervous system Questionnaire (Q16),
World Health Organisation Neuro-behavioural Core Test Battery (WHO-NCTB),
Swedish Performance Evaluation System (SPES), Luria Nebraska (LN). and Danish

Product Development (DPD) test batteries, and a brief chinical examination.

Questionnaire

Nervous system outcomes were measured by a battery of 46 questionnaire items
drawn from the Swedish Q16 instrument [Axelson and Hogstedt, 1988], and the
WHO-NCTB questionnaire [WHO, 1986] for autonomic nervous system
symptoms, subjective symptoms referable to the nervous system, and neuro-
psychiatric questions aimed at measuring mood. Dummy questions (ankle
swelling and earache) were included to measure reporting bias. Information on
potential confounders and effect modifiers including age, educational level,
alcohol and tobacco consumption, neurotoxic exposures in previous work, past
relevant medical history, previous head injury and home language was collected

using a standardised questionnaire (Appendix 1).

15



Neuro-behavioural Test Battery

A neuro-behavioural test battery deemed most appropriate from a review of the
literature included seven items (1, 2, 3, 4, 21, 22, 23) or 13 sub-items (left and
right) testing motor function from the Luria-Nebraska battery [Golden et al,
1980]. Test results in integers were categorized into three scores ranging from
zero for high performance to two for poorest performance. These scores were
dichotomized grouping zero as a good score (0) and scores one and two together

as a poor score (1).

The Benton Visual Retention Test for memory, Digit-Span and the Digit-Symbol
tests for cogmtive ability, the Santa Ana pegboard test for motor function were
selected from the WHQO NCTB. Finger tapping for the dominant and non-
dominant hands and finger tapping endurance for motor function, and the simple

reaction time tests were selected from the SPES battery [Iregren et al., 1996].

Danish Product Development (DPD) Test Batteries

A device produced by Danish Product Development [DPD, 1994] was used for
quantitative  neurometric  testing comprising the Catsys test for
dysdiadochokinesia, the Tremor test for resting tremor, and the Sway test on a
force platform for postural sway. Eight Tremor Test parameters are derived from
analysis of a tremor power spectrum, and include tremor intensity (m/s’), median
frequency (F50); standard dewviation of F50 (sF50) indicating the degree of
irregulanty of tremor, and the Harmonic Index (HI) comparing the tremor

spectrum with that of a single harmonic oscillation which has a HIl = 1.00.

The Catsys system tests hand pronation/supination, finger tapping and auditory
reaction time yielding 20 parameters. Subjects pronate and supinate or tap on a
drum to a metronome at slow and fast rhythms. The time distance between each
sttmulus and response is measured. The maximum frequency at which rhythmical
pronation/supination and tapping can be maintained is also measured. The Sway
test was performed under four conditions — eyes open, no insulation under feet;
eyes open, insulation;, eye shut no insulation; and eyes shut with insulation
[Despres et al,, 2000]. For each test, a graph of sway in two dimensions is
recorded and a composite variabie created by the length of distance traveled by

the stylus on the graph. One parameter is recorded for each condition.
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Clinical Examination
A brief chinical examination was conducted testing the glabellar reflex, observing
facial expression, gait and balance of the subject while walking backwards on a

line. Gross abnormality of the limbs was also excluded.

The study was conducted over a period of vne year from Jate 1999 to late 2000
Between five and eight subjects drawn from either morning (starting at 7am) or
afternoon (starting at 2pm) shifts werc secn each day. Four subjects were allocated to
each of four testing stations viz.  Quesnonnaire/examination. Swedish performance
evaluation system (SPES), World Health Organisation Neuro-behavioural Core Tes:
Battery (WIIO NCTB) / [.una-Nebraska (I N) and Danish Product Development
(DPD) simultaneously and rotated through the other testing stations. A trained neuro-
behavioural psychologist served as the study coordinator, oversaw all the testing, and
administered the SPES tests, while two other trained interviewers administered the
DPD battery and the WHO/LN tests respectively. A single trained interviewer
conducted all the questionnaire interviews and brief clinical examinations in the home:
language of the subjects, which included English, Afrikaans, isiXhosa, isiZulu and

Sesotho.

There were no retusals to participate in the study although there were 80 refusals to
provide blood samples on cultural grounds. Recruitment ot subjects continued over
the course of a year until the requisite number of subjects was obtained from each of

the three gross exposure categories, viz. low, medium and high.

3.4 Ethics

The study was approved by the Research Ethics Commuttee of the Health Sciences
Faculty of the University of Cape Town. Informed consent was signed by all
participants. The tests are not harmful in any way. Strict rules of confidentiality
protected workers from potential discrimination. Only group and not individual
results were made available to stakeholders. Workers benefited by having access to a
medical examination, by affected workers being referred to the NCOH Occupational
medicime clinic for further investigation if necessary and by study results leading to

greater control of potentially toxic exposures at work where appropriate.



A Research Reference Panel was set up with representatives of workers and their
trade unions, management and researchers to oversee all aspects of the study and to
assist the research team. The reference panel served as a conduit for stakeholder input
to the research process. While the study was mostly funded by the company,
independence of the researchers in planning and conducting the research, and in

analyzing, interpreting and publishing the results was ensured in a research contract.

3.5 Data analysis

Data was analysed using STATA software (STATA 7, 2001). Two different types of
exposure intensity and cumulative exposure measures were calculated, reflecting
either lifetime exposure across all jobs or current job exposure - a cumulative
exposure index (CEI) in mg-years/m> and a measure of average exposure intensity
(INT) in mg/m’. Univariate and bivariate data exploration was used to describe the
atmospheric and biological exposure variables and explore their inter-relationships.
Associations were evaluated by multiple linear and logistic regression modelling.
Effects were adjusted throughout for age, years of schooling, smoking status, alcohol
consumption, past job exposures to neurotoxins, previous head injury and home

language.

The analysis plan for investigating exposureresponse relationships involved:
a) Comparing (adjusted for all potential confounders):
1. External unexposed referents with all other subjects, and
11, Internal low exposed referents exposed at less than the lowest
observed adverse effect level with the rest of the exposed.

b) Examining the overall exposure-response relationship between outcomes and
exposure variables (cumulative, intensity) using smoothed plots with locally
weighted robust regression, (see, e.g. Cleveland, 1979) for continuous
outcomes, and frequency tables for categorical outcomes.

c) Further examination of the nature of the exposure-response relationship by
examination of structure of the point estimates of effect across categories of
exposure (CEI) adjusting for confounders.

d) Modeling the overall exposure-response relationship or trend using multiple
linear or logistic regressions with continuous and categorical outcome
variables respectively, and continuous exposure variables (CEI or INT),

adjusting for confounders.

18



e) Making a judgement based on examination of the panel of all these results for
each candidate exposure-response relationship as to the presence, character

and significance of the relationship.
Sets of analyses were carried out using different exposure variables - CEI, INT and

LOS, and MnB. Only analyses using CEI as exposure were reported as these gave

rise to the strongest effects, unless indicated otherwise in the text.
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SOCIO-DEMOGRAPHIC CHARACTERISTICS
From the smelter works 201 high, 20] medium, and 107 low exposed workers were
tested, along with 67 uncxposed referent workers. Descriptive information is provided

in Table 3.

Table 3: Descriptive statistics - Comparison of Smelter Workers and external

unexposed referents.

| Smelter ; Unexposed _‘|
Continuous variables Mean (SD) | Mean (SD) !
| Age (years) o 45.1(84) 38.6 (10.3) P
i‘ School standard passed (years) 4.7(3.2) 8.0 (2.5) )
Length of service (vcars) 18.2 (7.6) 9.4 (7.0) '
Resp. Cumulative exposure index mg-yrs/m’ 2.013(2.622) 0._6()3—(7),‘002)—‘
Resp. Average intensity of exposure mg/ m” 0.105(0.125) 0.0003(0.00005)
Blood manganesc  pg/L 12.5(5.6) 64007 |
Urine manganese pg/L 10.5(20.3) 0.96 (0.81) ‘
Serum Prolactin  pg/L 6.1(3.0) 6.2 (2.5) 7&
Categorical variables Percent (95%CI) Percent (93%CI) E
Previous job involving neurotoxins 14% (11-17) | 6% (2-15)
Previous hcad injury - J. 28% (24-32) l 22% (IT)
“Current alcohol drinker o ] 43% (3948) | 58% (46-70) ;
Past alcohol drinker [17% (142D | 9% (3-19) ’
Current smoker \ | 38% (§4-42) 1 60% (47-72) R j
Past smoker 32% (28-36) 7% (2-16) ’

This also shows the distribution of other factors that might have affected performance

on the neurobehavioural testing.

Variables from the pretest questionnaire (Appendix 2) including previous night hours
of sleep, past 24 hours alcohol, smoking and coffee consumption and visual acuity

were included in regression models but did not influence any of the results.
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WORKPLACE EXPOSURE

Personal respirable dust samples were measured 1n various homogeneous exposure-

zones for jobs in different production locations. Eight production locations
weresampled with the number of samples ranging from three to 25 per location.
Seventy-five samples were taken in total. These enabled the construction of exposure
indices for each subject. Table 3 shows the arithmetic mean of the respirable
manganese dust cumulative exposure index (CEI) in mg/m’-years, and average
lifetime exposure intensity (INT) in mg/m> across all Mn exposed jobs at the works.

Figures 1 and 2 illustrate the skewness of both CEI and INT.

Figure 1. Distribution of average lifetime exposure intensity (INT)
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Figure 2. Distribution of cumulative exposure index (CEI)
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The median CEl was 0.92mg/m’-years (range 0.015;13.26) and median INT
0.058mg/m’ (range 0.003;0.51) with the geometric means being 0.69mg/m’ and
0.042mg/m” respectively. The cumulative exposure index and average intensity were
categorized using the cut-points in Table 4. The former are based on equal numbers in
each category of those exposed at the works, while the latter are based on cutoff
values that relate to the hypothesis viz. the new proposed OEL of 0.Img/m3
respirable dust. Correlations between CEI and INT, and biological monitoring, are

summarized in Table 5.

Table 4: Categorisation of exposure variables — Respirable dust

Category Exposure Significance n
names ranges in mg/m’
| Average exposure intensity across all jobs (INT) in mg/m’
0 0 Unexposed external referents (below IEH recom.) 67
1 0<=x<0.01] Bottom quintile of exposed (below [EH recom.) 115
2 0.01<=x<0.04 Second last quintile (below [EH recom.) 108
3 0.04<=x<0.1 Middle quintile (below IEH recom.) 117
4 0.1<=x<0.2 Second to topmost quintile (above IEH recom.) 85
| S >=0.2 Topmost quintile of exposed 85

Cumulative exposure index (CEI) in mg-years/m’

0 0 External unexposed referents 67
] 0<=x<0.15 Bottom quintile of exposed 102
2 1 0.15<=x<0.59 Second last quintile 103
3 10.59<=x<1.38 Middle quintile 102
4 1.38<=x<3.52 Second to topmost quintile 103
5 >=3.52 Topmost quintile of exposed 102

Table S: Spearman’s correlation between CEI and INT, and biological

monitoring.
CEI INT
Blood Mn (umols/litre) r= 0.5989; p 0.000 = 0.6062; p 0.000
Urine Mn (ug/g creatinine) r= 0.4164; p 0.000 = 0.4296; p 0.000
Prolactin (ug/1) r=-0.0439; p 0.349 = -0.0172; p0.715
Inhalable Mn (CEI vs CEI | = 0.9360, p 0.0000 | r= 0.9276; p 0.0000
and INT vs INT)
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CONTINUOUS VARIABLE TEST OUTCOMES
WHO-NCTB tests

Table 6 shows that of four independent tests from the WHO-NCTB battery, the
differences are mainly between the external referents and all the exposed. In the table,
row one shows the mean values for the baseline external referents, and in row two the
value in the first column (betas) show the change (+ or -) in the mean for the group in
that row compared with the baseline, and the level of significance of this change from
baseline in the second column. For the digit symbol test there was a significant
difference between all the exposed and external referents, and between internal
referents and the rest of the exposed. There was also a significant overall trend, and an
increase in the effect as one moved to higher exposure categories (dose-response
relationship). For the Santa Ana test, there was only a difference between the external
referents and the exposed as a whole. Although there appeared to be a significant
trend, this was not borne out by the effect across the exposure categories, which did
not show an exposure-response relationship. The digit span test (forwards and
backwards scoring) was similar to digit symbol but less pronounced. The Benton test
showed no difterences. Figure 3 shows the clearest (although unadjusted) exposure-

response relationship found i.e. digit symbol score plotted against the CEl

Table 6: Selected WHO NCTB Test result panels

Analysis | Digit-span | Digit symbol | Santa Ana
(forward and ‘ '

o | backwards)

Unexposed Mean score | 15.64 33.81 49 4

referents

| i 'p_ P p 1B [p |

All exposed vs -2.31 [ 0.000 | -2.76 | 0.008 | -4.5] 0.000 \
external referents ‘

Dichotomous | CEI | | | ‘

comparisons | Rest of exposed | -1.29 ‘ 0.001 | 213 0.009 | -0.10 | 0.909

vs intemal | | ‘

rcferents CEI l j | B
Overall trend [ CEL 020 [0.001 [ -051 [0.000[-027 |0045 |
* Exposurc | Category | -1.36 | 0.017 | -1.17 [ 0.337 | <444 | 0.001 |
response by Category 2 [ -2.33 10000 | -272 | 0.021 | -4.72 1 000 1
CEI Category 3 [-2.35 | 0.000 } 242 | 0.045 | -4.32 | 0.001 |
categoriecs | Category 4 | -3.00 |0.000 | -3.92 | 0.002 | 4.49 | 0.001

Category 5 | -3.00 | 0.000 1 -4.83 | 0.000 | 4.54 | 0001 |

*comparison for each category of cumulative exposure is relative to external refcrents as baseline
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Figure 3. Digit symbol score vs cumulative exposure index

SPES tests
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Table 7 shows a panel of results for four SPES tests of which the three tapping tests

are not wholly independent. Two of three tap tests (endurance and tapping with the

dominant hand) showed differences between external referents and all of the exposed.

The overall trend was significant however there was no evidence of an exposure-

response relationship for all three tapping tests.

Table 7: Selected SPES test result panels

Analysis Mean Tapping Tapping non- | Endurance
‘ reaction time | dominant hand | dominant hand |
' Unexposed Mean score | 266.4 59.4 54.6 337.1
referents
B [p B p B [» B [p
Allexposed | 11.69 | 0.055 | -3.64 0.001 | -1.99 0.060 | -13.81 | 0.016
vs exiernal \
Dichotomous referents }
comparisons CEI
Rest of 980 |0.061 | -131 0.155 | -1.37 0.126 | -6.41 0.169
exposed vs
internal
referents
CEl
Overall trend | CEI | 1.48 | 0.10 -0.53 0.001 | -0.41 0.008 | -2.03 0.016
*Exposure Category 1 448 | 0.532 | -2.62 0.044 | -0.93 0.457 | -8.60 0.200
response by Category 2 13.08 | 0.059 | 4.17 0.001 | -2.34 0.051 | -15.10 | 0.019
CEI categories | Category 3 10.17 | 0.157 | -2.62 0.045 | -1.57 0.208 | -10.54 | 0.118
Category 4 1757 | 0.019 | -4.27 0.002 | -2.16 0.096 | -18.33 | 0.009
Category 5 20.00 | 0.015 | -5.99 0.000 | -4.35 0.002 | -23.57 | 0.002

* comparison for each category of cumulative exposure is relative to external referents as baseline
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DPD :Catsys

An examination of the 18 test parameters revealed that there was neither significant
difference between external referents versus all exposed nor between internal controls
versus the rest of the exposed. The overall trend CEl was significant for fast hand
pronation/supination on the right hand side and for reaction time on the left hand side.
However, no exposure-response relationship was observed for any test across the
categories of exposure. Adjusting for dominant handedness did not make any

difference to these results.

DPD: Tremor

An examination of the eight test parameters (Table 8) showed no differences between
external referents and the rest of the exposed. Left and right sided median trequency
was significantly decreased while left and right sided dispersion around the median
frequency were significantly increased for the rest of the exposed versus internal
referents. The overall trend with CEL was significant for the mean of four replicative
tests for tremor intensity on right side, left and right-sided median frequency, and
right-sided dispersion around the median frequency. No exposure-response

relationship was observed for any test across the categories of exposure. .

DPD: Sway

Mean sway across the four test conditions showed neither significant difference
between external referents and all exposed, nor between rest ot exposed and internal
referents. The overall trend CEI was significant for the condition eyes open and feet
insulated with a suggestive dose-response relationship (Table 8), however only the
effect in the highest category of exposure was significantly different from baseline.
No exposure-response relationships were found for the other three conditions, and

specifically not for the most stressed condition (eyes closed and feet insulated).

CATEGORICAL VARIABLE TEST OUTCOMES

Questionnaire

An examination of the 42 questionnaire items revealed the following associations
(Table 9). Differences between external referents and all the exposed were evident for
irritation (OR=2.54; 95%C1 1.26-5.15), depression (OR=2.25; 95%C] 1.12-4.52) and
having sex less than contemporaries (OR=36.8; 95%CI 4.89-277.75). Differences
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between internal referents and the rest of the exposed were shown for irritation
(OR=1.72; 95%CI 1.00-2.94), depression (OR=2.18; 95%CI 1.25-3 78) and tiredness
(OR=2.01; 95%CI 1.24-3.28) but not for having sex less than contemporaries. The
overall trend was significant for having sex less than contemporaries, sense that smell
has changed, being umnterested in social activities, having spells of terror / panic,
feeling that something bad may happen any moment and for irritation. Having sex less
than contemporaries showed a significant stepwise increase between exposure

categories 2 and 3.

Clinical examination
Only two subjects had glabellar reflexes that were exaggerated, while four had
abnormal gait (three mild, one more marked), none had immobile facies, while 42 had
some level of difficulty walking backwards on a line. A combined clinical
abnormality vartable had 45 subjects with one or more of the above abnormalities.
This showed neither a significant difference between external referents and all of the
exposed, nor between the internal referents and the rest of the exposed (lable 9).
There was a significant overall trend OR-=121 (p=0.001) but on examination,
although change did increase with level of exposure at no point was any change
significant with respect to baseline for any of the categories. When Mn blood as a
continuous variable was used as exposure measure there was also a small but

significant overall trend OR = 108 (p=0.008) however there was also a non-

significant trend in point estimates across exposure categories.

Luria Nebraska tests

When categorized (0, >=1), items 22R, 221 and 23L showed a significant effect when
comparing all exposed to external referents (Table 9) Items IR, 2L and 2R showed «
significant effect when comparing rest of exposed with internal referents. Although
the overall trends were all significant, the effect was protective for all except a step up

for 1R between categories 3 and 4.

All the analyses were repeated with INT plus length ot service (LLOS) instead of CEI

with no substantial differences in the findings.



Table 8: Selected DPD test results panels

Analysis Left sided Right sided Left sided Right sided Left reaction Mean sway:
median median dispersion dispersion time Eyes open
‘ frequency frequency around median | around median and feet
- - frequency frequency insulated
rUnexposed Mean score 9.31 9.36 3.25 3.19 0.212 5.72
| referents - S
s — B p P B P B P P B P
All exposed vs 0.180 | 0.262 | 0.090 | 0.600 | -0.120 | 0.298 | -0.060 | 0.592 | -0.002 | 0.622 | 0.50 | 0.150
| external referents CEI | | - =
Dichotomous Rest of exposed vs -0.42 | 0.001 | -0.44 0.002 | 0.21 0.022 | 0.21 0.022 | 0.005 0.176 {037 | 0.186
COomparisons internal referents CEI
| Overall trend CEI -0.05 [ 0014 | 0045 | 0032 [ 0025 [0.072 |0.03 0.029 | 0.001 0.015 | 0.09 | 0.040
* Exposure | Category | 0.50 |0.008 | 0.42 0.040 | -0.27 0.039 | 0.22 0.099 | -0.01 0.299 [ 0.23 | 0.566
response by Category 2 0.25 0.174 | 0.05 0.790 | 0.19 0.128 | 0.09 0.485 | -0.003 | 0.590 | 0.36 | 0.359
CEI categories | Category 3 0.06 0.753 | 0.07 0.710 | -0.03 0.813 | -0.03 0.844 | -0.01 0.195 1 061 |0 129ﬁ
Category 4 -0.03 | 0.881 | -0.14 0.476 | -0.05 0.722 | 0.02 0.861 | 0.004 0.495 | 0.58 | 0.162
Category 5 -0.05 ] 0.794 | -0.08 | 0.716 | 0.09 0.524 |0.11 0.405 | 0.006 0.282 | 0.93 | 0.028
*comparison for each category of cumulative exposure is relative to external referents as baseline
Table 9: Selected categorical test results panels
Analysis Less sex than | Irrication Depression Clinical test Lodlr Ln022r Ln022] Ln0231
peers
Unexposed Proportion abnormal 1.49 20.9 22.39 1.49 29.85 23.88 4478 35.82 “
| referents ) - - ] - - ]
L B OR |p OR p OR p OR |p OR |p |[OR |p OR |p OR |p |
All exposed vs 36.84 | 0.000 | 2.54 0.009 | 2.25 0.023 | 4.17 0.191 | 1.05 | 0.891 | 0.35 | 0.006 | 0.43 | 0.009 | 0.50 | 0.039
Dichotomous | external referents CEI I N R R i N
comparisons Rest of exposed vs 1.62 0.088 | 1.72 0.049 {2.18 0.006 | 3.80 0.079 | 261 [000L 120 |0589 147 |0.159 | 143 | 0.211
N internal referents CEI I el el o
Overall trend | CEI 1.13 0.002 | 1.10 0.016 | 1.05 0.251 | 1.21 [0.001 |1.23 0000 [ 1.1 0014 | 1.09 [0.040 | 1.16 | 0.000
*Exposure Category | 26.15 | 0002 | 1.70 0.208 | 1.21 0.659 | 1.23 0.874 | 051 |0.093 |03 0013 ] 0.32 | 0.004 | 0.39 | 0.023
response by | Category 2 2589 | 0.002 | 2.86 0.008 | 2.83 0.008 | 2.42 0450 [ 079 |0.526 | 038 |0.028 | 041 | 0.016 | 0.39 |0.015
CEI categories | Category 3 S51.85 | 0.000 | 2.39 0.034 | 2.16 0.057 | 3.97 0.227 | 098 |0.966 |0.15 | 0.000 | 040 | 0.016 | 0.36 | 0.010
Category 4 46.80 | 0.000 | 3.24 0.005 | 2.92 0.010 | 4.0l 0.226 | 1.78 10.137 | 039 | 0.034 | 041 | 0.021 | 0.539 | 0.173
L Category 5 55.26 | 0.000 | 3.32 0.005 | 2.68 0.020 | 8.64 0.054 {238 [ 0031 |065 [0316 [0.79 | 0.561 | 1.30 | 0.520

* comparison for each category of cumulative exposure is relative to external referents as baseline



I
’
#
[
[

AT AN A A AT LT TS T T T BT AT B BT TPTTEEEEEE LTS LT EEE T

In this large study, with a wide exposure range, it was possible to look beyond
bivariate comparisons between exposed and unexposed subjects, and to explore the
nature of exposure-response relationships in detail across the exposure range, Using
respirable dust as the exposure metric the arithmetic mean of the intensity of dust
exposure was 0.105 mg/m’ amongst the exposed with 30% having levels above the
recommended 0.1mg/m’. As also found by Ellingsen et al (2003), there was a high
correlation between respirable and inhalable Mn (Spearman’s r= 0.9276; p 0.000).
The correlations with blood and urine Mn were also significant with the correlation
coefficients being higher than the correlations by Myers et al (2003) based on

inhalable dust.

This study tested a comprehensive set of endpoints. Using the analysis plan set out in
Myers et al (2003) where inhalable dust was the exposure metric, the results were
categorized into three groups. Group 1 showed differences between external referents
and all the exposed and/or differences between internal referents and the rest of the
exposed, but no further exposure-response relationshup. Group 2 showed the presence
of more substantive exposure-response relationships. Table 10 summarizes the tests,
which fell into either group 1 or 2, and compares these to the results from Myers et al

(2003).

The digit symbol test from the WHO NCTB showed the clearest exposure response
relationship which was however strongest at very low exposures making it difficult to
interpret clinically and toxicologically. In comparison to Myers et al (2003) (Table
10), the Benton test for memory did not form part of group 1 whereas the Digit span
cognitive ability test demonstrated an exposure-response relationship. The SPES tests

were essentially the same as found by Myers et al (2003).

The DPD tests which were assumed to be likely more sensitive to subtle Mn effects
contnibuted disappointingly little. Catsys kinesometry and sway was non-contributory
with sway findings being inconsistent with the findings of Chia et al. (1995) who
showed that manganese exposed workers had significantly poorer postural stability

compared to a referent group. Effects shown for tremor parameters median frequency
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and its dispersion were in the opposite direction to those expected, and inconsistent

with findings reported by other investigators [Despres et al., 2000, Lucchini et al.,

1999]. Luria Nebraska test results were not consistent with those of Lucchim et al

(1999). Lucchini found linear exposure-response relationships with items 1, 2, 3, 4 but

not 21, while this study as found by Myers et al (2003) found an exposure-response

relationship with item [R.

Table 10: Comparison of endpoints with results from Myers et al (2003)

7Group77 Test ﬁ This st;ayi 7 7 - rMiyers ct al (2003)
I WHO NCTB | Santa Ana l Santa Ana
‘ | Benton
4 . Digit Span J
'SPES ' Endurance ' ’ Endurance
{ Finger tapping with dominant hand | Fingcr (apping both hands ‘
'DPD T Left and ﬁght sided median | Increased sway under “conditions eyeg o—pen
| frequency without foot insulation. and eyes open with
Left and right sided dispersion | foot insulation
around the median frequency Right sided fast hand pronation and
supination.
Questionnaire | Depression Depression ]
‘ Irritation Irritation '
; Tiredness Tiredness |
Having lo take nolcs in order o remember
| things

——

Feeling that something bad is going Lol
i

happen |

Subjects’ perception that they liad sex less

\ often than normal

" Clinical
examination
Luria
Nebraska

[ WHO NCTB

i 7Driths_y mbol

- Clinical abnormality

Items 22R, 221, 23L ltem 2L

', Digit symbol

Digit span tesls |

Queslionnaire

Luria

Nebraska

L

Subjects’ pcrcepﬁbn that they had [ -

sex less ofien than normal l

ltem (R | ltem IR -
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Group 3 contained the overwhelming majority of test results (almost all the
questionnaire items, almost all the DPD tests including sway and diadochokinesis,
and the clinical test) for which exposure effects were either null or in a
counterintuitive direction. By comparison with Myers et al, the clinical test showed a
significant overall trend for exposure, but there was no evidence of an increasing
effect when these were examined by increasing category of exposure. When Mn
blood, as a continuous variable was used as exposure metric, there was also a small
but significant overall trend OR = 1.08 (p=0.008) with no significant exposure

response across categories.

One explanation for the very few tests showing meaningful effects, and particularly
only for one motor function test, is that this study lacks validity. Only seventy-five
direct respiratory dust measurements were taken and the job exposure matrix had to
be completed by making many guesses, interpolations and extrapolations. Estimates
were based on workplace assessment impressions that certain job categories have
similar exposures, or by using conversion factors based on likely relationships
between respirable and inhalable fractions based on the production location, or by
making interpolations based on an understanding of the production process
(subjective occupational hygiene judgements). This could have resulted in exposure
misclassification, which is likely to have been non-differential as such
misclassification did not depend upon any knowledge of neuro-behavioural outcome

or endpoint.

In favour of valid study findings, however, are the following: a) There was good
correlation between respirable dust, blood and urine measures of Mn; b) Standardized
tools were used for testing the endpoints limiting information bias. Compared with
previous results found in SA workers similar to those at the smelter, WHO NCTB test
results were very similar [London et al (1997); Myers et al (1999)]. The DPD test
results compared well with reference values reported in the literature by Despres et al
(2000) and the SPES battery test values compared well with those in other studies.
The proportion of test score variance explained by years of education and age
similarly compares well with previous South African and other international studies
[Myers et al, 1999], ¢) There were no obvious sources of selection bias as all
production workers in the three categories of broad exposure (high, medium and low)

were enrolled in the study (with no refusals to participate); and d) Known
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confounders were taken into account by adjusting exposure effects throughout for age,
years of schooling, smoking status, alcohol consumption, past job exposures to

neurotoxins, previous head injury and home language.

The small number of convincing effects, especially motor function effects, and the
character of the exposure-response relationships where effects were observed
(exposure-response being larger at low exposures and much less at higher exposures),
in this study raise the question of whether such findings are not due to chance.
Furthermore, these findings are consistent with recent studies conducted by Myers et
al (2003) on a large number of manganese miners (exposed to average exposure
intensity for inhalable dust around the ACGIH TLV) and smelter workers, where no

convincing Mn eftects were found.

Neuro-behavioural effects based on respirable dust as the exposure metric and below
the new occupational exposure limit (0.1mg/m® respirable Mn or less than category 4
when exposure is categorised) proposed by the IEH are few and unconvincing when
appropriately adjusted and when the character of exposure-response relationships is

closely examined.
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In this large study among ferroalloy workers, neuro-behavioural effects based on
respirable dust as the exposure metric and below the new occupational exposure limit
(0.1mg/m’ respirable Mn or less than category 4 when exposure is categorised)
proposed by the TEH are few and unconvincing when appropriately adjusted, and
when the character of exposure-response relationships is closely examined. There is
no evidence, given potential dilution of exposure-response relationships, as a result of
non-differential misclassification of exposure, that respirable dust is a more sensitive

metric in the identification of significant exposure-response relationships.
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7. RECOMMENDATIONS s
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There is a need for further studies using respirable dust as the exposure metric where
more representative exposure measurements should be taken in order to decrease the

likely dilution of any existing exposure-response relationships.
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QUESTIONNAIRE FOR PARTICIPANTS IN THE STUDY OF NERVOUS SYSTEM
EFFECTS OF OCCUPATIONAL ENVIRONMENTAL MANGANESE EXPOSURE

Survey ne. . o ) | | O

ate of interview : ¢ (dd/mmiyy) SO | |

Ti 1= = S =V [T = A Bmir oleeky
Time interview begins (24 hour clock):
Interviswer initials :

Language of interview, circla the appropriaie ane
iy Sesotho
iy Ahosa
iy Afrikaans
iv) English

FIRST OF ALL | NEED TO WRITE DOWN YOUR FULL NANME, THE SHIFT YOU ARE WORKING AND THEN
ASK YOU A FEW QUESTIONS

3) What shift are you working at the moment? ring the answer 18!
i)y Bam io 2 pm
i) 2prte 10 pm
iiy 10 pm to 6 am
iv) 7 amto 3 pm

b) When did this shiit stan? /. ddfmmy) 17l ?[_J. [-l
c) What was your previous shift? ring the answer 21|,J

i) Baim to 2 pm

i 2pm to 10 pm
iy 10 pm to 6 am
v) 7 amto 3 pm

A : PERSONAL DETAILS

1. Surnams : ) 22 | J] (Y L_li_F‘:.l H “ I
First name - NN NN
Pension number ~ - Am:l:, I;A‘LLJ'

Diate of birth - ;o (ddimmiyy) sol LI




2. u d pa at achod 58
221 Doyou read newspapers ?  ring fhe answer 58
SN T
1) always
2) sometimes
3) rarely
4) never
2.22 If never, can read 7 1 YES 2. NO 59
3. Handedness ; show me
3.1) how you would hammer in a nail i.right 2.1eft 2. both 50
32) how you would throw 3 sione 1. right 2. l&ft 3. hoth 51
3.3) how you would sign vour name 1.oright 2. left 3. Both 4. N/A 62|
4. Video games : ring the correct answer
4.1 Do you know what a video game is? 1.YES 2 MNC 63
4 2 Have vou seen such a2 machine In the past? TYES 2 RGO o4|
4 G b AR F
4.3.1 Have you ever played on one of these machines? 1.YES 2. NO 85|
432 If yes , how many times have you playsd in your life ? 66'_,
(ring one answer oniyj} 1)
2)2- 4
3)5-10
4)11-20
5) more than 20
4.4 Have you ever Used 3 compuier? IYEE 2.NO 67!
1.5 Hava ved aver uged an gltobepk meching fo osbananey 7 1.YES 2 NO 8l

~No



2.1 Have you ever been dazed or unconscious as a resufl c
2.1 A uar asoidant i wkich Yauweraiinths car 1¥YES 2N0D sal
5.1.2 A car sccident in which you were 3 pedestrian struck by a vehic I.YES 2.NO 7ol
2.1.3 A blow to the head by a blunt object {hrick  stick . iron bar} 1.YES 2ZNO 71
5.1.4 A penetrating wound on the head (bullet . knife . axa ) 1YES 2ZNO 2l |
5,1.8 Accident while playing spart / falling 1YES 2 MO 73l
5.1.8 Near drowning in water 1YES _ 2.NO 74|
i 1.¥ES» 2MO 75l

5.1.7 Suffocating as a result of a gas stove /fire inside a room

5.1.8 Suffocatling from car exhaust fumes, a veld fire or fumss in genersl TL.YES 2Z2N© 75
5.1.9 Poison / poisonous gases .YES 2.ND 7l |
5.1.10 Something happening at work 1¥EE 2ZNMO 78|
if yes , please explain what happened? B
52  If y;eémio ah;of the above, proceed to 5.2.1 7
If no fo all, ihen go to 5.3
Card 2

NN

5.2.1 Guestion number :

For how long were you dazed / unconscious ? (days ) 4__I'|_]J_.‘
{ hours ) 7 _f[_,i_|

(min) 10DD

r
Were you faken to nespital? 1. YES 2 NO 12l
If yes for how leng were you in hospital ? - 13L|[_.‘



i

2.4

b e g e b e e 6
£ \WJHESTION number &

For how lo

> 7 {
£ \

Aaveg
aaye )

{ nouire
Ol S

S
e in i
(otedba g
4 ARG 3 18
v [ A —

?

s P
- = T

_{hours,;
Ta,
S )

Were you taken to hospital? 1. Y28 2. NG
If yes for how long weers yvou in hospital ? {days )

5.3 Have you ever been diagnosed by a doctor for any of the following medical conditiors ?

" if yes please give details L

531 Epiiepsy (falling sickness, seizures / conv uisions)

ifyes, For how long 7

~~

(months)
Are you on treatment ? 1

if yes, what treatment 7

YES 2. NG

YES 2. NO




522 Menta! problem 1. YES 2. NO
H#yes, Forhowleng? _  (years)
{months}
Are you on freatmeant 7 1.YES 2. NO
if yes, what treatment ? )
5.3 3 Diahates 1. YES 2. NO
If yes, For how long ? { years:
~_(months)
Are you on treatment 7 1¥YES 2. NC
If yes, wrhat treatment ?
53 4 Any disease affecting your narvous system 1. YES 2. NO
if yes , What disease 7
For how long ? {years)
(months)
Are you on treatment 7 1. YES 2. NO

i yes what treatment ?




5.3.6 Injury to your hand including your wrist (specify right / left ) by breaking or crushing

1. YES 2.NO as

5.3.7 Injury to your fingers, more specifically your index znd middie finger {specify right | lefi )
Dy breaking or crusning :

if yes please explain

5.3.8 Injury to your legs or feet {specify right/ left ) by breaking or crushing

1.YES 2. NO zol |

If yes piease explain

5.3.9 Have you ever bean admitted to hospiial at any lime in the past?

1 YES 2. NO 7l

ifyes , 5.4.1 Wiy 7

5.4.2 For how long ? ( days) 72DD



B : WORK EXPERIENC
PRESENT JOB card 3
.1 How long have you baan yau warkin - PN — o My =
| 1
2 { months ) Ll
1.2 How long have you been working in your cuirent job 7 1 0 |
{ months 7
1.3 What job do you do
1.3.1 Job title _ N ) ) S gl Il
1.3.2 Job location . ) ) - B i (|
1.3.3 Job description : B - o
1.2.4 Does vour job include exposure to dust / fumes ? riing ihe correct answer
1.never 2. seldom 3. sometimes 4, always '!‘EL
1.3.5 Do you wea: = mask ? i.never 2. seldom 3. sometimes 4. always 14|
. [
{f NOT NEVER, for how Ir‘pg have You haen weaari ng A mask ? ‘\\)’GE‘FS) 15 1 |
" : \ A ]
? { months ) 17_lL
1.4 Before your current job, nave you ever had any other [obs at Samancor in Meyerion?
v
1. YES 2. NO 19l
e = = i e G i = S = B i
If no, go to 2
| if ves, go to 1.4.1
1.4.1Job 1:
[ _’
1.4 1.1 Jobtitle o0l J|
1.4.1.2 Job location 22l Il )
1.4.1.3 Job description : - o )




£

Gy On WO G LG U !

=
~
¢4
(¢5)
w
e

L | -

nat jobinclude eXplsuie o

Avick § Frsrrioc
O OUSL / TihTIes

"+

. A b i PR |
I .never 2. s say 28
1.4.1.0 Did you wear a mask 7 |.never Z seidom 3

somelimes

I[f NOT NEVER,

241
for how long did you wear a mask 7 __ sars ) clo) i (|
? ( months ) 320
1.4.2Job 2
14.2.1 Jobiitle __\";*
1.4.2.2 Job location o 351
1.4.2.3 Job description

1.4.Z7 4 Fow long did you work i {iar job ?

{ months ) -40‘_ !i |
1.4.2.5 Did that job include exposure to dust / fumes ?

ring the coirect answer

1.never 2. seldom 3. sometimes 4. always 42‘ l
. . =
1.4.26 Did youwear a mask ? T.onever Z.seigom 3. somefimes 4. aiways

If NOT NEVER, for how long did you wear g mask ?

{(years)
) ( months )
1.43dob 3 :

1.4.3.1 Jobtitle

LI
1422 lehlzcation

1.4.3.3 Job descrintion :




1.4.3.4 How long did you wark in that job 7 {years
___ _{months)}
1.4.3.5 Did that job include exposure to dust / fumes 7 ring ithe coirrect answer
JTonever 2. seidom 3 sometimes 4. always
1.4.3.6 Did you wear a mask 7 l.never 2. ssldom 3. sometimes 4. aiways
[f NOT NEVER, for how long did you wear a2 mask 7 (years )
Ky ( months ;
144 Job 4 :
1.4 4.1 Job titie
1.4.4.2 Job locatich ; s
1.4.43 lob description -
1.4.4.4 How long did you work in that job ? (vears)
{ months )

1.4.4.5 Did that job include exposure to dust / fumes ? ring the carrect answer

1 never 2 celdem 2 sometfimes 4 zhways

1.4.4.8 Did you wear a mask ? 1.never 2. seldom 2. someatimes 4. alweys
{f NOT NEVER, for how long did you wear a mask ? _ (years)

? ( months )

ool I |
GBEJ LJ



PREVIOUS JOB EXPERIENCE (BEFORE WORKING

|
|

Prompl list for the guestions below:

T N “ .
ioflowing at

2.1.1 Soray nainting cars — atwark or at horma
- - T . ~ o <~ F . - i

2.1.2 Other spray paining — at work or at home

20 ar at work or a

i*

|

1
—+

Working with chemicals — at

o
5]

any other smelter

b M

Waorking at

drv-c

18]
»

' Working with chemicsls an g farm,

orin a laboratory

If yes to any of the above, obtain the details below, If no to all of the above, then go to the n

2.2 Previous jobs :
221 First job: Question number;

Name of workplace

aaning

a
<
T
(X5

Im
N

I
(N

i
2]

1S}

®

IS

R

NO

=]

Card 4

N

xt caction,

What did they make there ?

What did you do ?

How long did you work there 7

2.2.2 Second job: Question number:

Name of workplace

What did they make there 7

What did you do ?

How lang did you work diere ?

~_(years)
{ months )
(years)
( months )



2.2.4 Fourth:

2.2.5 Fifth job:

EY s 1ebi ey Aiiraii
Wuestion numaober.

Name of workplace

What did they make there ?

What did you o ¢

; N ;
How long did you work there ? ( years )

Question number:

Name of waorkplace

What did they make there ?

What did you do ?

How long did you work there ?  (vears)

Question nuwmber:

Name of workplace

What did they make there ?

V¥nat did you do ?

How long did you work there ? {years)

( months)

]

8 |

ssl_Il_|
sl L]



o

L)
T
(]
]
(&)

1
w
P~

3.2

Question numbear:

What did you make ?

What did you do ?

; i \ -
dao thie tvne of work?

How long did yau

Question numbear;

What did you make ?

What did you do 7

{ | F 1.3

How lang did you do this typs of work?

. Question number:

YWhat did you make 7

{vanre
NP fos
A ! i,
{ ymare
Lysais

What did you do 7

How long did yeu do this type of work?

. Question number:

What did you make 7

What did you do 7

How long did you do this tyos of work?

Foet

N

S0
s L
o L]
s || |
eaf—li |



C:SYNPTONS

Wit ring the correct answer

Show the cards to prompt the appropriate response to the guestions below.

i v 20 ’1' o " &
2. art yourself ? 1. YES 2. NC 2|
% by 7 1. YES 2. NO
4. 1. ESNA NO
5. Do you often feel depressed without any particular reason ? 1. YES 2. NO -
. i . i N - |
8. Do vou often have problems concentraling 7 1. YES 2 nO 6|
|
7. Do you have a shori memory 7 1. YES 2 NO 7l
8. Do you often perspire without any particuiar reason 7 1. YES 2. NO 8|
9. Do you have any problems with butioning and unbuttoning 7 1. YES 2. NO 9
10.Do you generzally find it hard o get the meanind from reading newspapers
|
and books ? 0. gizndard 4 or lesg =CANNOT READ 1 YES 2 NQ 100 |
t1.Have your relalives {old you hat you have & short memcry 7 1.¥YE3 2. NQ 111
12. Do you sometimes feel 2 heavy fazling on your ~hast ? 1T.YES 2.MO 12
13. Do you often have to make notes about what you must remember 7
0. standard 4 or less =CANNOT READ 1. YES Z. NO 13L
14. Do you often have to go back and check things you have done such as
locking the door 7 1. YES 2. NO 14|
15 3 L 4 78 ool - > —! '
15. Do you hzve a headache at least cncs a week ? P YES 2 NC 15l
16. How many times do vou have sex ner week? ) 18l _“_.
I
18a. Do you think that this e lese than most nersons of your age? 1.YES 2. NO 12!



(E\
S8
CV

AT W NOE o Y 7 ey S ~ir camen ~f mrnall has ~las
LS Y OU iesl nal YOUT Seie€ Of 341Ei ias Giiad
if yes, a) How ?
b) Since when is that -

PN T e S -
of the answers are aiffs

Alert: the format

+
ia
Show the cards to prompt the appropriate respor

AUTONOMIC:

1. Do you suf

2. Do you fael that you sweat mare than is
E p. -3 rrb ™
3. Do you suffer from diarrhoea ?

4. Do you suffer from constipation ?

5. Do you suffer from dizziness 7

iz normal?

i
1se to the guestions below.

=
Ll i

1.hardly ev

8]
&)
o0
=3
D
&
3
D
14
w

T.hardh cver

1. hardly ever 2. sometimes 3.

6. Do you sufier ffom pain/a burning sensation on passing utine ?

NEURGLOGICAL:

[@%]
9]
r
@
3

1.hardly ever 2. sometlimes

ring the correct answer

always

. always

4. always

el

. Bring this to the aftention of the subject

(%)
w

| Alert: the format of the answers are different from the above. Bring this to the attention of the subjact.
Show the cards to prompi the appropriate response to the questions below.

L N

1. Do you unintentionally dron things ?

tnever 2 sometimes 3. often 4. always

. Doyou find it difficuft to walk in the dark without falling over 7

3. Do youi fina that your hands treimble a iot ?

4. Do you find that your ankles swell ?*

1.naver 2. sometimes 3. often

T.never 2. someiimes 3.often

1. never 2 sometimes 3. often

4. always

4. always

4. always



Alert: the Tormat of the answers are cnnece-nt from the above.
1o

\-h(\\m the cards ta n rrompt the anpropriate r
ol el

MoOD:

9]

?\L\

n

co

—
[

11.

12

13-

14.

18.

16.

.Poyeu h

. Do you become suddenly scared for no reason?

fing the cerrect answer

- Da you become upeeat abaut trivial thinge? 1.never
. Do you wo t 2about trivial things? 1.never
Da vn ats oc?
Doy 5 ;

ity in controlling your anger? 1 never
t.never

t you are waiched or talked abcut by athers”

. Do you feel like beating,

like breaking or smashing things?
Do you feel uneasy in crowds?

Do you fee! spells of terror or panic?

Do you get into arguments?

Da yvou feel nervous whan

you are left alone?
Do you experience feelings of gquiit?
Do you ever worry a2hout dying?

. Do vou ever think of committing suicide?

1.naver

injuring, or harming somecne?

1. never
1. never

1. nevear

T.never

1.never

1 never

Bring this to the attention of the sts_!'jiect.

N

2.

. Do you feel that sometning bad may happan at any moment?

1. never

LE

2

enmeatimoae

>OMSUmas

I\\_\J
someatimas
sometimas

. someatimes

. somelimes

. sometimes

. sometimes

_sometimes

. sometimes

sometimeas

. sometimes

. somelimes

sometimes

sometimes

2

[68]

(2

(48]

(93}

Wl

W

)

nftan

often

I
AR =N

offten

often

often

often

often

often

BN

.

.

S

I

o CEENY

Sluiave

ays

¥ J

. always

. ahways

. always

cabvays

aliimys

. always

always

. always

. always

calways

. always

3

40

47 |



D : SMOKING HISTORY

THERE ARE SEPARATE SECTIONS FOR CURRENT SMOKERS, EX-SMOKERS AND NEVER-SMOKERS.
ADDITIONALLY FOR CURRENT SMOKERS THERE ARE SEPARATE SECTIONS ON WHAT THEY SMOKE NOW
AND WHAT THEY SMOKED IN THE PAST IF THIS IS LESS OR MORE THAN THEY SMOKE NOW

ring the correct answer

1.Do you smoke 7 1. YES 2 NO agl |

| I no, go to QUESTION 4 AS THIS COULD BE EITHER AN EX-SMOKER OR A NEVER SMOKER
if ves , THIS IS A CURRENT SMOKER — GO TO QUESTION 2 BELOW

2. qauesTions FoR CURRENT SMOKERS
if YOU ARE A CURRENT SMOKER

2.1 What do you smoke ? 1. cigareties 49’ |
2. lobacco
3. other

2.2 How many cigarettes do you usually smoke each day ?
or how much tobacce do you smoke per week?

-
| Show different boxes of cigarettes and packets of tobacco

2.2.1 cigareles 300 . 2.2.2 'tobacco' 51.L
1)iess tivan 10 1ysimall packet
2)10to 19 2)medium packet
3)20 to 29 2)big packet

4)30 and maore

., L . (]
2.3 How old were you when you first starteg © smoke? __ yearsold s2l ||

3. Do you now smoke more or less than you did in the past ? 1.YES 2. NC 54LJ

| fno, go to QUESTION 5 ABOUT DAGGA SMOKING - o | ]
Ifyes, go to QUESTION 3.1 ABOUT CHANGING SMOKING PATTERNS IN CURRENT SMOKERS BELOW |




QUESTICONS FOR

CURRENT SMOKERS WHO SMOKE MORE OR LESS NOW
COMPARED WiTH HOW MUCH THEY SMOKED IN THE PAST

3.1 How many did you usually smoke each day in the past before your current

s &1

L‘ﬂl‘,a;vrl':'

| Show different boxes of cigarettes and packets of tobacco

.

[ Ifno, THIS IS A NEVER SMOKER -> go to QUESTION 5 ABOUT DAGGA SMOKING o !
} If yes, THIS IS AN EX-SMOKER -> go to the questions below

o 4
3TA

cigareftes

1)less than 10

2)101t0 19
3)20 to 29

430 and more

3.2 For how long did you smoka this amount 7 years 57|

Have you ever smoked in the pasi?

55 3.1.2 tabacco’ 56

Tsmazll packet
2ymedium packet
2)big packet

auesTions ForR EX-SMOKERS

Show different boxes of cigareties and packets of tobacco

4.1 How old were you when vou first staried smoking? years old
4 2 How long ago did you stop simoking ? &) iess than 1ysar {00) 62[ _”:[
D) years {number)

4 3 What did vou emoke ? 1

2. tobacco
3. other

rinarare
faELL

4.4 How many did you smoke each day? { circle the appropriate response }

4 4 1cigarettes
1)less than 10
2)10t0 18
320 to 24
4)30 and more

66[1

4.42 'tobacco’
Nsmall packet
2ymedium packet
Z)big packet



5.1 Have you ever tried aagga » i, YES 2. .NO
If NO, go to next section

52 if yes, doyou still smoke it ? 7 YES 2. NO
[ 521 1fyesin 52 howoftan ?

\ 1) every day

2) not every day put more than once a week

3) less than once a week
4) some times but less than once a month
5) never

5.2.2 For how long have you heen smoking this amount 7

5.2.3 Did vou ever smoke mare or less comparad to now ?

524fyectn 522 howaiian?

1) everv Jay

2) not every day but more than once a week
3) less than once a week

4) some times but less than once a monih
5) never

5.2.5 For how long did you smoke this amount ?

18

{years)

( menths )

{ months)



E : ALCOHOL USAGE

THERE ARE SEPARATE SECTIONS FOR CURRENT DRINKERS, EX-DRINKERS AND NEVER-DRINKERS.

RE SEFPARATE SECTIONS ON WHAT THEY DRINK NOW

ADDITIONALLY FOR CURRENT DRINKERS THERE ARE 5&

AND WHAT THEY DRANK IN THE PAST IF THIS IS LESS OR MORE THAN THEY DRINK NOW

ring the correct answer

1.00 yau takea alcohol 7 1.YES 2. N3
| if yes, THIS IS A CURRENT DRINKER, GO TO QUESTION 2 BELOW
| if no, go to QUESTION 6 AS THIS COULD BE AN EX-DRINKER OR A NEVER DRINKER

2. QUESTIONS FOR CURRENT DRINKERS ONLY
2.1 How much do vaou drink during the week ?

| Indicate number & specify size according to key below

Card 8

Beer Wine Spirits Horme made
Mon to Thurs o 2|_¢l ULJ
Friday i S aULJU
Saturday QDDD
Sunday A\ - 11’__—“—_|D
Key : Beer — dumpy :A Spirits - quarter jack - H SHOW VARIOUS ITEMS
| Beer— Quart : B Spirits 1 litre : | |

Beer - Pint: C Wine botile (750mi) : J |

Beer—can: D Glass : K

Beer — supercan : E Jug : L

Spirits — half jack : F Juba : M

Spirits - 750m! : G

2.2 How old were vou when you started drinking ? years
3. If you are drinking alcohol now. has the amount you are drinking changead from the past ?

T.YES 2. 00

19

W]

cll



If NO, go fo QUESTION 4 ABOUT YOUR DRINKING PATTERN IN THE PAST WEEK ’ T
| Ifyes, go to QUESTION 3.1 BELOW ABOUT CHANGING DRINKING PATTERNS IN CURRENT DRINKERS
|‘ \BELOW

QUESTIONS FOR CURRENT DRINKERS WHO DRINK MORE OR
LESS NOW COMPARED WITH HOW THEY DRANK IN THE PAST

3.1 How much did you usually drink during this period before chanaging to vour current pattern of drinking?
) J gy P ¢

Indicate number & specify size according to key above

Beer Wine Spirits Hame made
Mon to Thurs 7‘__}1;}:_‘
Friday S 2o [
Saturday q‘_‘f_J

| Sunday

Use the same key as above. Show various [fems.

L_;‘

32 For howlong (years ) did you drink this amount 2 years 2ol 1|

QUESTIONS FOR CURRENT DRINKERS ABOUT WHETHER THEIR
'DRINKING PATTERN IN THE PAST WEEK WAS DIFFERENT FROM
'WHAT THEY USUALLY DRINK

| 4. During the PAST WEEK, did your drinking pattern differ from the usual ? 1. YES 2. NO 31!._!

If yes, answer the following guestions |
Ifno, go to EXTRA QUESTICNS (5) FOR CURRENT DRINKERS t

20



|

Indicate number & specify size according to key above.

v

Mon to Thurs

Saturday _— o,

Use the same key as above, Show varicus items,

EXTRA QUESTIONS FOR CURRENT DRINKERS

5. When visiting a friend for a drink or going to a bar with friends

5.1 How many drinks do you usually have at one sitting?

7
48]
e,
177}

dumpies

glasses

5.2 Have vou ever felt that you should drink jess?

5.2 Have other people ever made you angry by criticising your drinking habits?

5.4 Have vou ever feit guilty or bad because you drink?

AN Dot piden
ar \u'(l)’:f SIS

1. YE&

5.5 Have you ever had a drink earfy in the morning in order to make you feei better / tc

cure your hangover 7

5.6 Do you think vour drinking habite are narmat ?

5.7 Have you ever got so drunk that you cannot remember what happened?

5.8 Can you stop easily after 1 or 2 drinks ?

21

.YES

18]

o

M

I

M

girele the correct answer

. NO

o S | -

56L |

Sel_J
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5.2 Do your friends and family hink that

(4]

5.10 Have you ever heen in hospital because of alcohot ?
5.11 Have you ever lost friends or girlfriends because of alcohol 7

5 12 Have you aver neglectad your family bacause of alcohal 7

_'
o

altucinated (heard voices / saw visinns )
[rois e LM R b iUt IR I fte oSV MIIANS 4

LR TAS

5.14 Have you ever sought help for your drinking habits ?

5.15 Have you ever got into trouble at work because of drinking alcahol?

| NOW GO TO THE END OF THE QUESTIONNAIRE AND FILL IN THE TIVE

QUESTION FOR EX-DRINKERS OR NON-DRINKERS

L YES 20 NO

©. Did you drink alcohol in the past ?

Ifyes, THIS IS AN EXDRINKER, GO TO QUESTION 6.1 BELOW

yau navs normal drinking habits »

.NO

NO

4 gy
S

. NO

. NO

. NO

If no, this is a NEVER DRINKER, GO TO THE END OF THE QUESTIONNAIRE AND FILL IN THE TIME

QUESTIONS FOR EX-DRINKERS

&.1 17 you only drank alcohol in the past;

How old were vou when yau started drinking 7 ¥

Hew oid were you whan you stopped drinking ? years

VWhy did you stop 7 _

Card 7

L

]
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indicaie number & specify size according to key befow
|

Beer iine Spirits Home made
Mon to Thurs i B 7 L\ | O
Friday ) - -
Saturday - o ) - s 11l i_
Sunday , - 14l
| Key : Beer - dumpy :A Spirits - quarter jack : H SHOW VARIQUS ITEMS
‘ Beer — Quart : B Spirits 1 litre : §
| Beer— Pint: C Wine bottle (750mi} :
Beer-—can : D Glass : K
Beer — supercan : E Jug: L
! Spirits - half jack : F Juba : M

| Spirits — 750m! : G

EXTRA QUESTIONS FOR EX DRINKERS

7. In the past, when visiting a friend Tor 2 drink or going to a har with ‘riends  circle the correct answer

7.1 How many drinks did vou usually have at one sitting?

cans 17UI__J

" . |
duimpies ) |

. NG 23U

7.2 Did you ever feel that you shaould drink less? 1.YES 2
7.3 Did other people ever make you angry by criticising your drinking habits? 1. YES 2. NC 24|
7.4 Did you ever feel guilty or bad because you drarik? TYES 2. NC 25|
7.5 Did you ever nave a drink early in the morning in oraer to make vou feel better / 10

cure your hangover ? 1. YES 2. NO 26i____1




7.6 Did you think yout arinking habits wers normal ? 1. YES-2, NG 271 J

1. YES 2. NO 2l |
I
i YES Z NO 291

7.9 Did your friends and family think that you had normal drinking hahits 7 1. YES 2. NO 300}
7.10 Wers you ever in hospital because of alcohol ? 1. YES 2. NO 31|

7.1 Did you sver lose frisnds or girlfriends bacause of aleahol » L YES 2 NO 32l |
7.12 Did you ever neglect vour family hecause of aleoha! ? *.YES 2.NO 3:.’_, |
7.13 Did you ever halluginate (hear vaices / g2= visians | 1, YES 2. NO 24

that were nol thers after ali 7

7.14 Did you ever seek help for your drinking habits ? 1. YES 2. NO 'Jfl_,!

7.15 Did you ever get into trouble at work because of drinking alcohol? 1. YES 2. NO 384

Time interview ends {24 hour clock): 37!”:‘_‘_(







PRE TEST QUESTIONNAIRE FOR PARTICIPANTS IN THE STUDY OF NERVOUS
SYSTEM EFFECTS OF OCCUPATIONAL ENVIRONMENTAL MANGANESE EXPOSURE

Survey number : 0]

Work number of participant :

Date : I ( dd/mmlyy . ol Il I

Time begin ( 24 hour clock ): “"NEERE

Ring the correct answer

1. Were you lold about the following (adequate sleep, no tza/coffsalcaca-colal na smoking and no alcohol for
24 hours prior to testing)?

4. YES 2.NO vol |

2. How long did you sleep last night ? 2.1 8-10hrs :oj
22 6-8hrs
23 4-6nhrs
2.4 lessthan 4 hrs
3. Right now you are feeling : 3.1 enesgetic 21[:‘
32 fresh
3.3 average
24 tireg
2.5 exhausted
4 Did vau drink coffee tea / coca-cola in the last 24 hours ¢ 1. YES 2.NO 22’1
If yes | how much aid you drink
4.1 coffee : cUps zsu
42 tea cups 24[i
4 3 coca-cola : cans 25D



£.1 Do you smoke ? i YES Z2NC 28
if yes  did you smaoke in the last 24 hours 2 i YES 2.MO0 ‘-_
If yes . how much did vou smoke
5.2.1 =bout ths usual 2mount EQLZ
522 more than usual agl |
52.3 less than usual £l
21 Do you drink alcohol ? 1.¥YES 2.NO ?"___‘
if yes | did you drink in the last 24 hours 7 1L YEDS R.NO ‘3’)5__‘
if yes , how much did you drink 7
8.2.1 about the usual amouri 33L
£.2.2 lessthan usual 24 |
.

£8.2,2 more than usual sl
7. Are you taking any medicine currently ? 1YES 2. NC asl_|

if yes , what are they 7
8.Vision :8.1 Havz you ever used glassas / contact lenses ? 1. YES 2.INC 37u
8.2 Did tiﬁe glasses ¢ contact lenses he}p you to see hetler ? 1. YES 2.NO sag
8.3 Did you receive instructions to bring your glasses or 1. YES 2.NO 39[]

contact lenses with you?

8 4 Do you hava your glasses /contact lenses with you? 1. YES 2.NO aou

Time end ( 24 hour clock }: R RN






