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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., 

Mn304, Mn02, ~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. After cooling, the 

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

10 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2. as 

metric 

nervous 

4. ' 

outcome measures 

II 



Univ
ers

ity
 of

 C
ap

e T
ow

n

.\11 

cstlillaics 

':;.2 St 

L11 )1 

( Jill' cb11 pH 1\ jJ1 

13)-,u \\ 

\Veil' d 1\ 

II I! 

II.H.:aled III it 

" .\ 

dust \\.i·~. VI)I 

!ll 

dm'c! 

IE'll 

i(ll 

II! :11 \\ I 

Ill' 

II 

'(j Uf 

\ l;ulltl"ll<llin.' 

Iy 

! • 



Univ
ers

ity
 of

 C
ap

e T
ow

n

!\!l '-, I_ • 

l III pI 

!: Illle,; 

VI' 

inl 

III hl(, I: ( 

'.1 il 

:1 

!\1 11 

I') , \ 

It ;-, 

\illlll.I I' 

H1 

;ill \In ·d 

III 

leI 

sTable 

Ire td 



University of Cape Town

Table 2: Job-exposure matrix (respirable dust in mglm3
) 

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

Arithmetic Smelt Chern Smelter Smelter Smelt Ad Rail Hostel Metal Work Can Stores MHD Lab All Silos Ad Securi Phase Base Pro 
er2 ical 3 I er 4 valloy way lays service struc plant min ry 2 ject 

respirable dusts plant line tion 

jMglm3J 
Tapper 0.1 0.51 0 18 0.01 0.3 (1:\ 

Sorter of stones lU 
Driver of pegger n.3 0.07 
Maintenance, 0.04 OO{J) 0.35 0.23 0.01 0.005 0.004 0004 0.004 0.05 OOOS 
assistant mechanic, 
Mechanic, 
Assistant fitter, 
Builder 
Group leader 11.1 Il .OO.'i 0.35 0.2 1).0Ull 0.03 0.03 o.om 
Labourer IU 0.005 D .. i.'i {J2 (lum; 1l.3 (1 D2 (11)(15 IU () ()(J~ OO()4 [) ()()~ I ) OX 0.09 0.04 0.007 O.UI U.I) I 
Crane dri ver (I .US 0.5 0 . ) 0.03 II OX 0.02 
Cleaner nOR 0.03 0.01 O . OI)~ O()O~ O OX 0,(107 

Stoker (li S (J .OI 0.3 
Crane anchor O . U!~ u.s U.5 
Cast floor worker 0.5 0.11 
Process operator 0.08 0.003 0.Q7 (I ,[)7 001 (UJS (J.() I ll.UI O.OR 0.04 
Cook fI(1I14 

Paste loader OJ 0.15 (l ,] 

Supervisor 0.04 0.004 0.07 0. 18 0.008 n.oo-l n. OJ lUl-l 
Tippler driver 0.54 
Loco driver (J ,U8 D.I) I O,()] 

Fireman I).OIlS 
Crane hooker U.'i4 om 
Furnace operator fl.08 (J .07 D,1l7 fUll 

Gasplant operator (l. OR om (J.{11 

Storeclerk (l.U3 0.03 0.003 U.O(J4 0.007 
Manager 0.005 003 (I. DOS 
Superintendent I I. IIOS 
HR officer ()(JJ D.Um (l O] (I (J( 13 
Driver O.OS 0.005 U.S () IX 0.003 lUll (J .II I 0. 02 0.008 () (J()X 

Radio operator OJ 
Grinds ore 0.3 
Engineer 0.005 (J .D7 (l.U; (J .()Oli 
X ray operator !) (J.). 

Lab analyst 0.07 (J .O.). 

Casualty officer il .007 
Plant attendant (U 0.005 0.008 0.08 
Security 1J.()07 0.00,), 
Cutter O.(J04 
Production 0.1105 
technician 

--- ---
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A cumulative exposure index (e El) in mg-years/lll' respirable dust was calculated for 

each subject by summing the products of the average exposure intensity (using 

arithmetic 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 (LOS) in the 

smelter works to yield a measure of average exposure intensity across all exposed 

jobs (lNT) in mg/m3 

BIOLOGICAL EXPOSURE AND BIOLOGICAL EFfECT MEAS U RES: 

First voided urine specimens were brought in 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 Institute for 

Medical Research laboratories. respectively 

Endpoints included items from the Swedish ervous system Questionnaire (QI6), 

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 clinical examination 

Questionnai re 

Nervous system outcomes ,:vere measured by a battery of 46 questionnaire items 

drawn from the Swedish Q 16 instrument [Axelson and Hogstedt, 1988], and the 

WHO-NCTB questionnaire [WHO, 1986J 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. Informa[Jon on 

potential confounders and effect modifiers including age, educational level, 

alcohol <ll1d 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 
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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 ai, 

1980] Test results in integers were categorized into three scores ranging ITom 

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 cognitive ability, the Santa Ana pegboard test for motor function were 

selected from the WHO 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 ITom the SPES battery [Iregren et ai, 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 (mls\ median 

ITequency (FSO); standard deviation of FSO (sF SO) indicating the degree of 

irregularity of tremor, and the Harmonic Index (HI) comparing the tremor 

spectrum with that ofa single harmonic oscillation which has a In = 1.00. 

The Catsys system tests hand pronation/supination, fmger 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 

stimulus 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 ai, 2000] For each test, a graph of sway in two dimensions is 

recorded and a composite variable created by the length of distance traveled by 

the stylus on the graph. One parameter is recorded for each condition. 

16 
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Clinical Examination 

A brief clinical 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 Urle year from Jatel999 to late :2OOU 

Between five and eight sl\bJ~ns drawn from either mornmg (starting at 7am) or 

afternuon (staltmg at 2pm) ~hdts were SE,-.;n each day .rour subjects wert allocattd to 

each of lour testing stations viz Quesriunnaire/examinatiolL Swedish peri'ormance 

evaluation system (SPES), World Health ()rganisatlon Neuro-beha\flour~tl Core Tes: 

Battery (WllO NCIB) I l.uria-Nebraska (J 7\1) :mJ 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 

admimstered the SPES tests, while two other trained interviewers administered the 

DPO 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, isiZuJu and 

Sesotho 

There were nu rerusals to participate in the study although there were 80 refusals to 

provide blood samples on cultural grounds Recruitment of subjects continued over 

the course of a year until the requisite number of subjects was obtained from each of 

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

3.4 Ethics 

The study was approved by the Research Ethics Committee ot tht Health Sciences 

Faculty of the University of Cape Town. Informed "onsent was signed by all 

participants. The tests are not harmful in any way. Strict rules of con6dentiality 

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 

medicine clinic for further investigation if necessary and by study results leading to 

greater control of potentially toxic exposures at work where appropriate 

17 
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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 7,200]). 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/m3 and a measure of average exposure intensity 

(INT) in mg/m3
. 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): 

I. External unexposed referents with all other subjects, and 

II. 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 (eEl or !NT), 

adjusting for confounders. 

18 
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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 - eEl, ThTT and 

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

rise to the strongest effects, unless indicated otherwise in the text. 

19 
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SOCIO-DEMOGRAPHIC C HARACTERISTICS 

From the smelter works 201 high, 20] medium, and 107 low exposed workers were 

tested, along with 67 unexposed referent workers. Descriptive information is provided 

in Table 3. 

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

unexposed referents. 

Smelte r Unc.\posed 

Continuous yariables Mea n (SD) Mean (SD) 

Age (years) 45.1 (8.4) 38.6 (l0.3) 

School slandard passed (years) 4.7 (3.2) 8.0 (2.5) 

Length of service (years) 18.2 (76) 9.4 (7.0) 

Resp. Cumulative exposure index mg-yrs/mO 2.013(2.622) 0.003(0.002) 

Resp. Average intensity of exposure mglln- o 105(0.125) 0.0003(0.0000 5) 

Blood manganese J-LgiL 12. 5(5 6) 6.4 (l.7) 

Urine manganese J-Lg/L 10 5(20.3) 0.96 (0.8l) 

Serum Prolactin J-Lg/L 6.1(30) 6.2 (2.5) 

Categorical variables Percent (95%Cn Percent (95%CI) 

Previous job involving neurotoxins 14%(11-17) 6% (2-15) 

Previous head injul) 28% (24-32) 22% (1 3-34) 

Current alcohol drinker 43% (39-48) 58% (46-70) 

Past alcohol dnnker 17%(14-21) 9% (3-1 9) 

Current smoker 38% (34-42) 60% (47-72) 

Past smoker 32% (28-36) 7% (2-16) 

lhis also shows the distribution of other factors that might have affected petformance 

un 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 

20 
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WORKPLACE EXPOSURE 

Personal respirable dust samples were measured in 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 (CEl) in mglm3 -years, and average 

lifetime exposure intensity (INT) in mglm3 across all Mn exposed jobs at the works. 

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

Figure 1. Distribution of average lifetime exposure intensity (INT) 

'" intr 
71057 .51 

o .51 
INT 

Figure 2. Distribution of cumulative exposure index (CEl) 

$laceir 
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~ 
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The median CEI was 092mg/m3-years (range 0.015;13.26) and median lNT 

0.058mg/m3 (range 0.003;0.51) with the geometric means being 0.69mg/m3 and 

0.042mg/m3 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.] mg/m3 

respirable dust. Correlations between CEl and INT, and biological monitoring, are 

summarized in Table 5. 

Table 4: Categorisation or exposure variables - Respirable dust 

Category Exposure Significance n 

names ranges in rug/m3 

Average exposure intensity across aJI jobs (!NT) in mglm~ 

0 0 Unexposed external referents (below IEH recom.) 67 

1 0<=x<0.01 Bottom quintile of exposed (below IEH recom.) 115 

2 0.0 I <=x<0.04 Second last quintiJe (below IEH recom.) 108 

1 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 

5 >=0.2 Topmost quintile of exposed 85 

Cumulative exposure index (CEn in mg-years/mJ 

0 0 External unexposed referents 67 

I 0<=x<0.15 Bottom quintile of exposed 102 

2 0.15<=x<0.59 Second last quintile 103 

3 O.59<=x<1.38 Middle quintjle 102 

4 1.38<=x<3.52 Second to topmost quintile 103 

5 >=3.52 Topmost quintile of exposed 102 

Table 5: Spearman's correlation between CEI and INT, and biological 

monitoring. 

CEl INT 

Blood Mn (umolsfJitre) r= 0.5989; p 0.000 r= 0.6062; p 0.000 

Urine Mn (uglg creatinine) r= 0.4164; p 0.000 r= 0.4296; p 0.000 

Prolactin (ugll) r= -0.0439; p 0.349 r= -0.0172; p 0.715 

lnhalable Mn (CEl vs CEl r= 0.9360; p 0.0000 r= 0.9276; P 0.0000 

and TNT vs INT) 

22 
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CONTINUOUS VARIAB LE TEST OUTCOMES 

WHO-Ne TB tests 

Table 6 shows that of four independent tests from the WHO-NCTB battery, tllP, 

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 tlrst 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 frorn 

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 NeTB Test result panels 

Analysis Digit-span Digi t symbol Santa Ana 
(forward and 
backwards) 

Unexposed Mean score 15 .64 33.81 49.4 
referents 

0 p 0 p 0 P 
A II ex posed vs -2.31 ooon -2.76 0.008 -4.51 0000 
external referents 

Dichotomous CEI 
.. 

comparisons Rest of exposed -129 0.001 -2. Ll o 009 -0 10 0.909 
vs intemal 
referents CEl 

Overall trend CEI -0.20 0.001 -0.51 0000 -0 27 0.045 
* Exposure Category J -l.J6 0.017 -U7 033 7 -4.44- 0.001 
response by Catego_1) 2 -2.33 0.000 -2.72 0.021 -4.72 0.000 
CEI ~atcgor\' J -2.35 0.000 -2.4 2 0.045 -4. 32 0.001 
categories Category 4 -3.00 0.000 -3.92 0.002 -449 O.OO! 

Category 5 -3.00 0 .000 -4.83 0000 -4.54 0.001 
*cornpanson for each category of cumulahve exposure IS relatIve to external referents as baseline 

23 
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Figure 3. Digit symbol score vs cumulative exposure index 
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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 dontinant hand 

Une,,:posed Mean score 2b6.4 59.4 54.6 337.1 
referents 

~ p ~ p ~ p [3 P 
AJI exposed 11.69 0.055 -3.64 0.001 -1.99 0.060 -13.81 0.016 
vs external 

Dichotomous referents 
comparisons CEI I 

Rest of 9.80 0.061 -1.31 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 4.48 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 
CEl categories Category 3 10.17 0.157 -2.62 0.045 -1.57 0.208 -10.54 0.118 

Category 4 17.57 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 

* companson for each category of cumulative exposure IS relative to external referents as baselme 
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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 CEI 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 resu Its. 

DPO: Tremor 

An examinatioll of the eight test parameters (Table 8) showed no differences between 

external rff(:rents and the rest of the exposed. Left and right sided median trequency 

was significantJy decreased while left and right sided dispersion around the median 

frequency were significantly increased for the rest of the exposed versus internal 

rderents 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 f]-equency, and 

right-sided dispersion around the median frequency. No exposure-response 

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

DPO: Sway 

Mean sway across the four test conditions showed neither significant difference 

between external referents and all exposed, nor between rest of 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 OLTTCOMES 

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%Cl 1.26-5.15), depression (OR=2.25; 95%Cl 1.12-452) and 

having sex less than contemporaries (OR=36.8; 95%C1 4.89-277.75). Differences 
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between internal referents and the rest of the exposed were shown for irritation 

(OR~ t. 72; 95%C£ 100-294), depression (OR=218; 95%CI 125-378) and tiredness 

(OR=20 I; 95%CI 124-328) 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 uninterested 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 reilexes 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 variable had 45 subjects with one or more of the above abnormalitie~ 

This showed neither a signiHcant difference between external referents and all of the 

exposed, nor between the internal referents and the rest of the exposed (fable 9) 

There was a significant overall trend OR= 121 (p=OOOI) but on exam1l1ation, 

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 C1 

continuous variable was used as exposure measure there was also a small but 

significant overa1\ trend OR = 108 (p=0.008) however there was alsu a non· 

significant trend in point estimates across exposure categories. 

Luria Nebraska ksl5. 

When categorized (0, >=1), items 22R, 22L and 23L showed a signitlcant eh~ct when 

comparing all exposed to external referents Crable 9) Items I R 2L and 2R showed a 

significant effect when comparing rest of exposed with internal referents. AJthough 

the overall trends were all significant, the effect was protective for all except a step up 

for 1 R between categories 3 and 4. 

All the analyses were repeated with [NT plus length of service (LOS) instead of CEl 

with no substantial differences in the tindlIlgs. 
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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 
frequene)' frequency around median around median and feet 

frequency frequene)' insulated 
Unexposed Mean score 9.31 9.36 3.25 3.19 0.212 5.72 
referents 

B p 13 p !3.- p !3.- p 13 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 e>q)osed vs -0.42 0.001 -0.44 0.002 0.21 0.022 0.21 0.022 0.005 0.176 0.37 0.186 
comparisons internal referents CEI 
Overall trend CEI -0.05 0.014 -0.045 0.032 0.025 0.072 0.03 0.029 0.001 0.015 0.09 0.040 
* Exposure Category 1 0.50 0.008 o.·n 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 0.61 0.129 

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 eXl'osure is relative to external referents as baseline 

Table 9: Selected categorical test results panels 

-

Analysis Less sex than Irritation Depression Clinical test LnOlr Ln022r LnOnl Ln0231 
peers 

Unexposed Proportion abnormal 1.49 20.9 22.39 1.49 29.85 23.88 44.78 35.82 
referents 

OR p OR p OR p OR p OR P OR P OR P OR p- I 

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 
comparisons Rest of exposed vs 1.62 0.088 1.72 0.049 2.18 0.006 3.80 0.079 2.61 0.001 1.20 0.589 1.47 0.159 1.43 0.211 

internal referents CEI 
Overall trend CEI 1.13 0.002 1.10 0.016 1.05 0.251 1.21 0.001 1.23 0.000 1.1 0.014 1.09 0.040 1.16 0.000 
* Exposure Category 1 26.15 0.002 1.70 0.208 1.21 0.659 1.23 0.874 0.51 0.093 0.3 0.013 0.32 0.004 0.39 0.023 
response by Category 2 25.89 0.002 2.86 0.008 2.83 0.008 2.42 0.450 0.79 0.526 0.38 0.028 0.41 0.016 0.39 0.015 
CEI categories Category 3 51.85 0.000 2.39 0.034 2.16 0.057 3.97 0.227 0.98 0.966 0.15 0.000 0.40 0.016 0.36 0.010 

Category 4 46.80 0.000 3.24 0.005 2.92 0.010 4.01 0.226 1.78 0.137 0.39 0.034 0.41 0.021 0.59 0.173 
Category 5 55.26 0.000 3.32 0.005 2.68 0.020 8.64 0.054 2.38 0.031 0.65 0.316 0.79 0.561 1.30 0.520 

* comparison for each category of cumulative exposure is relative to exiernal referents as baseline 
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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/m3 amongst the exposed with 30% having levels above the 

recommended 0,1 mg/m3 As also found by Ellingsen et al (2003), there was a high 

correlation between respirable and inhalable Mn (Spearman's r= 0,9276; p 0000) 

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 fllJther exposure-response relationship, 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 I 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 

contributed 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 lither investigators [Despres et al., 2000; Lucchini et ai, 

1999]. Luria Nebraska test results were not consis tent with those of Lucchim et <11 

(1999) Lucchini found linear exposure-response reJationshipc, with items I , 2, 3, 4 but 

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

relationship with item IF.. 

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

Group Test This study Myers ct al (2003) 

I WHO NCTB Santa Ana Sanla Ana 

Benton 

Digit Span 
- -

SPES Endurance Endurance 

Finger tapping with dominant ilaJld Finger tapping both hands 

DPD Left and right sided median Increased sway under conditions eyes open 

frequency without foot insulation. and eyes open with 

Left and right sided dispersion foot insulation 

around the median frequency Rigllt sided fast hand pronation and 

supination. 

Questionnaire Depression Depression 

Irritation Irritation 

Tiredness Tiredness 

Having to take notes in order to remember 

thiJJgs 

Feeling that something bad is going to 

happen 

Subjects' perception that ttu.:y had sex less 

often than nomlal 

Chuica I - Clinical abnonnality 

examination 

Luria IIems 22R, 221., 23 L Item 2L 

Nebraska 

2 WHO NCTB Digit symbol Digit symbol 

I 
Digit span tests 

Questionnaire Subjects ' perception that they had -

sex less often than nonnal 

Luria Hem IR Item J R 

Nebraska 
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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 aI, 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 Mrican and other international studies 

[Myers et ai, 1999] ; c) 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 ACGlli TL V) and smelter workers, where no 

convincing Mn effects were found, 

Neuro-behavioural effects based on respirable dust as the exposure metric and below 

the new occupational exposure limit (0,1 mglm3 respirable Mn or less than category 4 

when exposure is categorised) proposed by the lEH are few and unconvincing when 

appropriately adjusted and when the character of exposure-response relationships is 

closely examined, 
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i 6. CONCLUSION ! 
4 ~ 
~~'~~~1'~.#.1~~~~~11111~~~111~~1#7"1"'~1"~'~1~"#~'~~~~I.'~I~_III.~~I~IAI## 

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 

(O.lmg/m3 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. 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. 

t!~~4">iI'/' ..v,#,.r,,,IIYI-#"':I#-','I' "",,#IA':#i.l;i:AC'.l.1' #.L~' i""~II'I/'-'-"/MI/.I;1.II'L",#J'#,~,I;"".I?".I7."'.I,.1.:M1 ~II""I"'" 

I 7. RECOMNIENDATIONS ~ 
~ ~ 
J.:.##~/I-~A'I...II/.It"'~III.;-'.wI."""'"..:I"''6I..L'I.'.I'''''''·:I...I.*-I''.'I~.:.I'.IAf~II~l'#IIWI~III#-II'#II:.II.lI#_.~ 

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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QU ESTIONNA;RE FOR PARTie'PANTS IN THE STUDY OF NERVOUS SVSiEIV. 
EFFECTS OF OCCUPATIONAL Ehl \!I-OI~r';;~hiTAL rAr GAr~ESE EXPOSURE 

Survey no 

Date of i n~er\i i e'.,\' · __ 1 __ / (cd/,n:n,','y) 

Time inteNie'.v uegi;-:s C!4 hOllf :::1::Jck) , _. 

La:1gu3ge 0; ir.+ervie'.if, clrcie .h:, appropriate (;:1€: 

I) Sesotho 
II) Xhosa 
iii ) Afri ka ans 
IV) English 

r I I 
I I 

'\ -I r:~ [ ]1_ 1 

'l l-{}I 

".,_ J 

FIRST OF ALL I NEED TO WRITE DOWN YOUR FULL NAME, THE SHIFT YOU A RE WORKiNG AND THEN 
ASK YOU A FEW QUESTIONS 

3) Wh21t shift are you YO.1<:lI" king at the moment? r in g th~ answ <?r 

i) 6am 10 2 pm 
II) 2prn to 10 pm 
iii) 10 pm to 6 am 
IV) 7 am to 3 pm 

b) When did this shift start? __ 1_ , _ (dziimm) 

c) W hat was your prev ious shi ft? ling the answer 

i) Gam 10 2 pm 
II) 2pm to 10 pm 
iii) 10 pm to 6 am 
IV) 7 am to 3 pm 

A : PERSONAL DETAILS 

'i Surname 

First name 

Pension :1Ullbe~ : __ ~ ______ _ 

Date of birth __ I _ _ I ____ (dd/mm/yy) 

d 1[J[-lli 

21U 

:l-{ JO[ Duu[,U[JU 

33=-CJnLU~UI nnn 
44ULO-,LU 

501ILD~l.JU 
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2. SchJol 

2.2. 1 0 0 VJu ~ead newspapers 'i rir9 tr.e answ<?:r 

1) alwa \;s 
2) sometimes 
3) rare ly 
4) nev er 

.; y~S 

3 Handedness : show me : 

3.1) hOVI you would hammer in 3 n Oli! 'j . righi 2 . 18ft 3 . hoth 

1. right 2. I ""ft " both J. 3.2) how )'01•1 \-.'ould throv,l " s'on e 

.; right 2. left ') Both I. J. 3,3) hov" you would sign your ii3111e 

4. Video games: ring the correct answer 

4,1 00 you kno\N what a video game is? 1YES 2. NO 

42 Ha\le 'lOLl seen such 2 machine In 'the past? ! \(ES 2. (,)0 

4.3.1 Have you ever played on one of these machines ';, 'i.YES 2. NO 

4.3.2 If yes , how m any ti;nes have you played in your life ? 

(rin g one answer only) 1) 'I 

4.4 Have you 8'J8f used a conlputer? 

2) 2 - 4 
3)5-10 
4) 11-20 
5) more than 20 

2 

.YES 2 r\l{] 

1YES 2. NO 

501 

61f 

4. ~'~/A 62LJ 

67U 

6S[J 
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:5. i riave you ,"ve r been Gazed or Jf,cono>C;ous as L . :;su! . :; 

LYf.:S 

5. 1.2 ,A, car accident i~ \J·.thich 'lOU \/l~~e a pedestri an strucf:- bV a veni d? 'I. YES 

i .YES 

5 1.4 A p,::netrati'1g vlo 'Jnc em t'1= head (buliet . knif-:- . aX':'.1 -1 \ .,!::::: ~ 
,. j~-

! YE~ 

S, 1 ,6 Near drowning irl", 'ater I. YES 

5.1 .7 Sl ifoc?ting as a result Of a pas ,.tnve !fire inside a room ~ VI:: ~ , . t _ .:J 

5.'i .8 Suffocating fr 'xn cat exhaust fUr:1cs , a vt:!L fir e eli' fumes i '1 g8'1 61''11 1.YES 

1 YE3 

5.1.1 0 Something happenil lg a1 work 1.YES 

if yes J plea",e ex plain what happened? ______________ ~_ 

5.2 If yes to any of the above, p roceed to 5.2.1 
if no to all, then go to 5.3 

5.2.1 Question number • ___ __ _ 

For how long were you dazed I uncon scio L!s ? _____ ( days ) 

_____ ( n.-:-w" ) 

_____ (min) 

Were you taken to hospital? 1. YES 2. NO 

if yes ,for how iong ,Yere you in hospital ? _ __ . 

2. !'lO 

2.NO 

:_ NI,J 

~ . ! .. !O 

~ !\ iCI 

2.1')' 

2 ,NO 

2.1'10 

2 .'\10 

2.NO 

'5e~ 

?cD 
7!~ 

-~r . 
~-I 

-orl i __ 

74' J 

--u , ~ 

76l 

7-1 I ,-

7SU 

Card 2 

,i-IUU 

4nou 
7lCLJ 
10no 

12J 
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5. 2.2 QUe3,;:';: ~, 1.;-:, b2 ;- : ------

For ho'v long \Nef~ yO!l dazac!! unconsci ous ? _____ ( J3yS) 

_____ :-he:J .::> ) 

_____ ': rn i ~. ) 

/f yes ,for hOV'/IO!lg ".lere you in hospital ? ____ i, clAyS ) 

5.2. 3 Question nUrTi b~ r : _____ _ 

_____ ( hours j 

_____ ( r,:ir: ) 

Were you taken to hospital? ~I.Y::::S 2 NO 

5.3 Have you eve,- been diagnosed by a doctor for any of the fo HoV'Jing medical condirions I 

if yes p lease give de~ 

5.3.1 Epjiep sy (faili ng sickness, seizmes I convulsions) i. 'y'ES 2 f~O 

if res, For how long? ____ ( '18<:;;-0' ) 

____ (months) 

Are you on treatment? 1 YES 2. NO 

If yes, what treatment 'j ______________ _ 

<il-Jr---I~ I 

2-11j1 J 

2) Ll' 
3:' 1_ ' [ I 

3sl.JUn 
~ c . !I-[ 
'-' '-'' _'\--,0 

4 1 JLI 

(.~LlD 

460=.1 
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" YES 2. f\O ,. 

jf ,res, For hOVl long 7 ____ : years ) 

____ (:ncnths) 

1. YES 2 . NO 

If yes, INhat treatr" e~L ? ______________ _ 

5.3.3 Diabet",s ' . YES 2. t'I!O 

If y es , For hovl long ? ____ (, years ; 

____ (months) 

1. YES 
.., 

NO L ,6,I-e you on lreatment ? 

If yes, v'ihat treatment ? ________ ______ _ 

5_3.4 Any disease affecting your nervous system 1, YES 2. NO 

if yes. What disease? ________ ____ _ 

For hOlf>! long? ____ ( years) 

____ (montils) 

Are you on t reatment? 1_ YES 2. NO 

Ii -yes what treatment? _ ___ _ _ _________ _ 

r 
- ' 

49~ 

I 
-
I' so L---' 

52--.J~ 1 

",1-1 
J '~ 

__~l 
..,:; 

5",UD 
5a~~1 

soU 

6200 
r 1-1 64lJl.J 

660 
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53 .6 Inju ry to your hand -neluding your wrist (specify right r left) by breaking or crushing 

If yes ~I E:2 S~ s:': jjl ai II 

53.7lnj u ry to your fingers, m ore specifi cally your ir dey. and m iddle finger {specify r ight ! Ieft ) 
by breaking o r crushing 

. YES ') t,JO 

if yes please ex plain 

5.3.8 Inju ry to yo ur legs or feet (specify right J lett ) b}' breakin g or crushing 

1. YES 2. NO 

If yes please ex plai n 

5.39 Havs you ever been admitted to hospit:cd at an j' time in the past? 

1. YES 2. r--JO 

If yes , 5.4.1 '-/lfllY ? ________ ________________ _ 

5.4.2 For how long? _____ ( days) 720 D 

6 
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CE 

PRESENT JOB 

-:. 1 Hov\I rong hal' e you haen y'Cl U working for \-:":S Cc ;. ... ,.1r.... -) _ ___ (~} e a rs ) 

_ ___ \ months ) 

'[. 2 HOil/ 10:1g ria'. e J:c.u bean \\Iorking In i'our cur:em jon i ____ ( years ) 

___ _ I mQnt~s j 

1 3 What job do llOU do 'i 

1 3 1 Job ti tle ______________________ _ 

'I 3. 2 Job locat ion • ____________________ _ 

1.3.3 Job descri ption . ________ _________ _ _ _ _ _ __ _ 

1.3 . .1 Does vour Job inc-Iude 8Kposure to dust / f umes? r ing the correct answer 

1. ~ eve r 2 seldom 3 sometimes 4. "dvvays 

1 nev er 2 seldom 3 somet i rTl 8S 4. always 

If NOT NEVER, fm ho'v long have you Deen w8ari '19 a mask? ___ (, )'83 r S) 

? _ _ _ ( months) 

1.4 Befoi'e your current job, nave you ever hac any other lobs at Samancor In I,jieyerton) 

1. YES 2. NO 

If no, go to 2 
If yes, go to 1.4.1 

1.4,1 Job 1 

1.4 ,1.1 Job title ___________________ _ 

1.4,1,2 .Job !oc3t18n : _________ _ _ _ ______ . 

1.4.1.3 Job description • _ _ _____ _ _ ____ ____________ _ 

! 

l~D 

LJCJ 

, ~LJ 
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____ \ years ! 

( months ) ----

-: 4. 1.5 Old ,naT ]00 include ;:,x pos:.J :e (C (lU:;1 I TlImes " 

~ .ne·_' .:;r 2. seidom 3. sometimes 4_ ai\Nays 

1.4.~, _6 Did YOu vvear a masK "; I.never 2 . c:;el am 3. sometimes 4 . aj'N3Ys 

If NOT NEVER. for how long 'iid you weqr B m~<;k ) ____ (ye<: G ) 

? ___ ( mc'nth;; ) 

'i .4 .2 Job ::; 

1.421 Job titl e _____________________ _ 

1 A .2.2 j rJ b k:ccHor : _ ________ _ __________ _ 

'j .4.2.3 J ob description : _________ ________________ _ 

14.2.4 Hellv long did you 'NarK ;n';-laT Job? _ _ __ ( years) 

_ _ __ ( months) 

1.4.2.5 Did that job include exposure to dust I fumes? r ing the correct answer 

1 never 2. seldom 3. sometimes 4. alwClys 

1.4.2.6 Did you v.;ear a mask? 1 never 2. seiciom .:>. sometimes 4. aiways 

If NOT NEllER, to, hov.' long did you 'Near a mask? ___ ( years) 

? _ __ ( months) 

1 .4. 3.JQ.12.L 

1.4_3.1 Job title ____________________ _ 

14 _ 3.2 Jo~ ~:'::2t!C~ : _______________ _ ___ __ _ 

1.4.3.3 Job description : _ _ ___ ________________ _ _ __ _ 

0. 

29~ 

301 l[j 

32UL) 

-'-l J4 11 

3800 
!'ouO 
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'14.3 .5 Did that job Include exposure [:) ;Just! fumes ~i 

____ ( rno'lths ) 

ring the correct answer 

1.nev er 2. seljom 3. sometimes 4. al ilvays 

1.4.3 .8 Did YOu y·jear '" mask -;; 

If NOT NEVER. for how long did> au 'wear a mask) _ __ ( yS3r5 ) 

.) ___ ( months) 

14.4.Job 4- : 

1.4 41 Job title _____________________ _ 

1.4.4.2 Job location : _ _ _ __________ _______ _ 

1.4.4 .3 Job description : _____________ ______ ______ _ 

1.4.4.4 How long did you work in that job? ____ ( years) 

_ _ __ ( months) 

1.4.4.5 Did that job include ex posu re to dust / fumes? ring the correct answer 

1 neve!" 2. se!do~T1 3. s,:)r!19t i mes 4. 2!\·~J2YS 

1.4.4.6 Did you vyear a mask? 1 .lleVA.r 2. seldom 3. sometimes 4. al'N2Ys 

If NOT NEVER, for how long uid you wear a mask? ___ ( years) 

? ( months ) 

J 

700 
7111 

72UD 
7400 
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PREVIOUS JOB EXPEF?iENCF (BFFOR~ i'ilO.RKING A T THiS SMEL l ·cR ) 

Prompt list icnhe quesliorl5 belOw: 

2. 1 Did or do y OJ do any of the fo!luwing at 1."101 ". or at hom e
' 

ring the correct answer 

2.1.1 Spray pinting " 2fS - 3t '··lo rk: :x at horf1~ 

2.1.2 Other sp~a V pinting - at work or at h0me 

2.1.3 Working vvith car battelies - 31 v'!Jk or <l home 

2.·j 4 Working wi th ch€micals - at work or Cit he,me 

2. 'i.5 \.!ljclrki 'lQ at ::!rl~' ~ther sr:lelter 

2.1.6 Worv.i ng I!./'til chemicals on .• f", q-r . ·jn,'--::!ea'ling 

or in a laboratory 

i. YES 

! YES 

. '1= c: 1 __ 

c y S 

'1 YES 

1.YES 

:2 1',11) 

2J,!O 

2.NO 

2 '0 

:2 t-llJ 

2 '''0 

Carel 4 

.u 
:LJ 

If yes to an y of the above, obta in the details below. If no to a" of the above, then go to th e next section. 

2.2 Previous jobs: 

2.21 First jc·b Question number: ____ _ 

r'-Jame of vvorkplace ____ _ ____ __________ _ 

What did they make there? ___ _______ _ _____ _ 

What did you do ? _____ _______________ _ 

How long did you I:'.'ork there) _._ _. ( y'O'3rs ) 

___ ( months) 

2.22 Second job: Ouesti on r, umber: ____ _ 

Na me of v\lorkplace _______________ _ __ _ 

What did thsy make til ere '/ _________ _______ _ 

What did you do ? 

How long did you v'Iork ,;18r8 ? _ __ ( yea rs) 

___ ( months) 

10 
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2.2 3. Third J8b: 

2.2.4 Fourth 

2.2.5 Fi fth job: 

l\lame of workplace __________________ _ 

What did they make t"<>re ? _____ ______ ____ _ 

\I\Inat did you 0 0 ? _______ ~ ___________ _ 

l-icw Ion;; did yO ~1 'N~rk t:'ere ';' ___ ( yaa- ) 

___ ( months ) 

Question number: __ _ 

Name 01 \Morkplace _ _ _______ ~ _______ _ _ 

What did they make there ? _______________ _ 

What did you do ? ___________________ _ 

How long did you w:xk there? _ _ ( years) 

Question number ____ _ 

f\lame of workplace ___________ _______ _ 

W(lat did they make there? _______ ________ _ 

VVilat did you do r) _____________ ______ _ 

HOIi,' long did you I!,'ork there? _ _ _ ( Y8 'HS ) 

___ ( months) 

2slJLJLI 

31 DL 1 

33L D 



Univ
ers

ity
 of

 C
ap

e T
ow

n

23 Home . 

2 3 1 QIJesnon numb-?f . ____ _ 

\I\.'hat did I~ u r,:ak,~ ') _ _________________ _ __ _ 

V\.fhat aid you do ? 

___ r montI's , 

2 32. Ql lestion nw.-.ber ___ _ _ 

Wh at did ~ 'ou r'1a l-.e ? ___________________ _ 

Whai did yOU dO "' 

How long rj id y~ do [his t'lpe o' w:) rk? _ __ ( ye. srs ) 

___ ( months ,\ 

2.33 Question number: - - ---

What did you make) _____________________ _ 

What did you do ? 

How long did you do this type of '.\fork? _ __ ( yea rs) 

___ ( month~ ) 

2.3.,1. Question nrJmber.". ____ _ 

What did you make? _____________________ _ 

What did you do '/ 

How long did you do this type of work? ___ ( YS2:"S ) 

. ___ ( months) 

i2 

"" LLl 

:,:L~n 

54UC 
56~U[J 

59[J[J 

51U!J 
~3[Jnn 

56LJ[J 
'3gr-IO 
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c . SYMPTOIv'.$ 

rin g the correct answer 

""'_.!!r:"j :i 

': . Are you abnormally tired r) 1. YES 2 NO LJ 

2 Do you have IJaipitati ons of the heart when you do not exert 'yourse lf ? 1. YES 2. I~ O J] 

!. \/ 1= .c:: 2. r,'o .J I 

1. "' =:S ~ 1'.10 40 L. 4. Do \fOU often fee l irri tatAd ,N;thout an j p8rti ~:.Ifo r rease'" ? 

5. Do you often feel depressed without any particular reason " 'J. YES 2. i\jO 5U 
6. Dc; you often have problems concent rating ? 1. YES 2. i,IO 60 
7. Do yo!..! h2\l e a short roemory ? 1 YES 2. NO 70 
8. Do you often p2 rspire without allY parti cular reason ? 1 YES 2. NO al-.J 

9. Do you have any problems vv'ith buttoning and unbuttoning '/ 1. YES 2. NO gU 

1000 you generally find it har'd 'to get the rneaning from reacl[i',Q newspapers 

and books ') O. s':2rcard 4 or less =C!-\!"NOT REiV) 1. YES 2. 1'10 

11 Have your relatives told you that you have a short nlemory? 1. YES 2. NO 

12. Do Y0L sometimes fee! 3 heavy feeling or ,/our.'f-I~st ? 1. YES 2.1'10 
13. Do you often have to make notes about what YOLI must remember? 

o standard 4 or less =CAhiNOT RE,D,D I. YES 2. NO 

14. Uo you often have to go back and check things you have done SLich as 

locking the door? 1.YES 2.NO 

15. Do you h2X8 a headache at least once a week? 

16. How many Iln,es do vaLl have se;; !Cpr v'Jeek? 

158 DC) VOL! thirk th,,,t this is less thar most persans Of '{o'Jr 3ge? 1. YES 2 f\!O 

13 
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1. (ES 2. r~ ·J 

if yes, a) HOI/'J ? _____________________ ______ _ 

~) Since vvhen is tr:at ') _____________________ _ 

I Alert: the format of the answers. afe different from the at.O\fe. Bring ttlis to the attention of th", <:;uhjecf. 
[ Show the cards to orompt the appropriate response to the Questions below. 

- - -- -- ----' 

AUTONOMIC: ring the correct answer 

1. 00 you suffer from an earache? 

2 0 0 'jOU fee! that Y')LI ~INeat mor ", th:ln!s wJrm3 1? lh?rdly ever :2 sometimes 3 often 4. ah.::J.Ys 211} 

') Do you suffer from diarrhoea ? 1 hardly ever 2. sometimes 3. often 4. always J. 

4. Do you SUff8( from constipation ? 1.har~!'c' "",er 2 sa met! r:!es 3. often 4. :;:::.h ll./;;H/C::: ...... , . , ...... y---

5 Do you suffer from dizzi ness? 1.hardly ever 2. sometimes 3. often 4. aI1.-i.lays 

6. Do you su ffe r from pain I a Durning sensation on passing uri ne '1 

i.hardly ever 2. sometimes 3. often 4. alvv'ays 2SU 

NEUROLOGfCA L: ring the correct answer 

Alert: t he format of the answers are different f rom the ab ove. Bri ng this to the attent ion of th e subject. 
Show the cards to prompt th e appropriate res ponse to the questions below. 

1. Do you unintention::i!; d:op things? 1. never 2. sameti ,"lIes 3 often 4. al \~"!ays -,~n .:.0 .' 

~ Do you fi nd it difficult to walk in the dark \t,lithout faliing over) 

1.never 2. sometimes 3.often 4. always 270 
3, Do you find that your hands tremble a lot? 'I.never 2 sometimes 3.often 4. always 

4. Do YOL! find that your ankles swet! ?* 1.nelfer 2. sometimes 3. often 4. a!INays 

14 
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~ he fo rmat of ril e answers are diffe re nt f rom the ab ove. Bring this to the attention o f the subject. 
~ow th_e_card~) pro ~njJt t"'e a::;p opri~ _ respc-·l~~~OJ!2." !]Uf:S!£C,_"_,_-_b_c_Ic_'\_~_' ___ _ 

MOOD: rin g th e correct answer 

1 00 you bes()me U~S'2t ::bout t:~ \,~ 2 ! thi ngs? 1 ne\ I '= [ 2 '."'J'T'eti 'T' " :0 3. ·.,.ftpr .1 . 3h.M~ \'C::: 30L ... _, ~ 

2. Do you wnrry ? !at ab0Clt tri\':al thi!lgsr) ~ I r _,. ~ .. 
j.J ; ~\ vi 2. 5·~metiiiv:~ - 3 ~,ften .:! 31w8Y" 3'U 

3. Do y 'J\.. ~er:nme r""s~less? 1 . '-t e\,.~r 2 ::;(Jrl3tim..:s j. -'fer. <1 3'\"~"S 
,-I 1:;' 

4. Do you cx perienC'3 strong mood '3'.,'1i ngs? -I .ne, re r 2. 50f1etimes ~ often 4. aill/av ::; 33J 
5. Do feel t~a~ yOU have :Jee1 un imerested in SOCIi'l l aC"IJJ{ies-{ 

1.ni?:v;>r 2. s,-:lmatimas 3. ·:1ftan 4 . a l'Nays ~" I ! "-

6. Du you nave diffir:lJity in I'ontro lli ng your angefl neve r 2. 30melim2s 3 often 4. alvl.lays 35LI 

7. Do you become suddenly scared for no reason? ·I.never 2. s·::Jnw l i mes 3. often 4. alwa)'s 360 
0 Do you feel that y OU are watched or ta lked about by others', u. 

I.never 2. sometimes ') 
~, . often 4 ai\.vays 

9. Do you fee! Ii ke beating, i nj ll ri ng , or harming someone? 

never 2. sometimes 3. often 4. always 

10. Do you fee' like breaking or s:nasiling thi:lgs') . never 2. sometimes 3. often 4 . a!'.I1/ays 

11. Do you feel uneasy in crolivds? 1.n8"' "r 2. sometirnes 3. [ ,ften 4. a!'i.i:='Ys 

12 Do you feel spells of terror or panic? . never 2. sometimes 3. often 4 . al\>vays 

13. Do you get into arguments') . never 2. sometimes 3. eften 4 . always 

14. Do you fee l l £!'VOUS \"!he r; ~'c·rJ 8 : e left alone? l""' -?l / er 2 snn,~~; n1es , nf!e r 4 . 8 1 \;"'Ja~iS 

15. Do you experience feelings of guilt? never 2. sometimes ') often 4. always J. 

16. Do you ever '-".lorry 2'):Jut j'/"g? .nevc:r 2. sorncti m-es J. often 4. aiways 

17. Do you ever think of committing SUicide? never 2. sometimes 3. often 4. always 

'i8. Do you feel thelt som>'nhing b"ld m ay happen at "lny moment'! 

1.never 2. sometimes 3. often 4. always 470 

15 
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D : SMOKING HISTORY 

THERE ARE SEPARA TE SECTIONS FOR CURRENT SMOKERS, EX-SMOKERS AND NEVER-SMOKERS. 
ADDITIONALL Y FOR CURRENT SMOKERS THERE ARE SEPARATE SECTIONS ON WHA T THEY SMOKE NOW 
AND WHA T THEY SMOKED IN THE PAST F THIS IS LESS OR N:ORE THAN THEY SMOKE NOVI 

ring the correct answer 

1.00 you smoke? 

[It no , go to QUESTION 4 AS THIS COULD BE EITHER AN EX- 'MOKER OR A NEVER SMOKER 
, If yes, THIS IS A CURRENT SMOKER - GO TO QUESTION 2 B~LOW ____ _ 

2. QUESTIONS FOR CURRENT SMOKERS 

if YOU ,1\RE ,t!", CURRENT SMOKER. 

2.1 \/IJhat do you smoke ? 1. cigarettes 

2. tobacco 
3. ~ther 

2. 2 How many cigarettes do you usually smoke each day? 
or hovv m uch tobacco do you smoke per week? 

-.. --~----. . - -'~. --
Show different boxes of cigarettes and packets of tobacco 

L-______________________ __ 

2.21 cigare)eco 

1 )iess ti"(an 10 
2) 10 to 19 
3)20 to 29 
4)30 and more 

:2'.2.2 !tobacco! 

'i)siI")sll packet 
2)medium packet 
3)big packet 

2.3 How old vvere you '/)hen you first started ~o smoke? __ years old 

3. Do you now smoke more or less than you did in the past? 1 YES 2. I'-JO 54[J 

--- - - - _. __ . -- . ----
(If no , go to QUESTfON 5 ABOUT DA GGA SMOKING I 
I If yes , go to QUESTION 3.1 ABOUT CHANGING SMOKlNG PATTERNS IN CURRENT SMOKERS BELOW ~ 

16 
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QUESTIONS FOR 

CURRENT SMOKERS WHO Sl\qOKE MORE OR LESS 
COMPA uWt H Hu \Jt J .. A-t t H . (~dV!O ED IN 

NOW 
E P ST 

3 1 r low many ::lid y'::'lI usually smo f:;e Each jav i il thE "as! ;)efo(oS' vour current papern ~· 

\ Sb~W different bOli€:S Of -:: (j~ rettas and pockets of tObac;o 
I . 

3. 1 .1 r:ig ?lrett<=>s 

1)lessthan 10 
2)10t0 19 
3)20 to 29 
4)30 and more 

.;1" - 1 ::'- 1.2 r.:,ba·::co' 

1)small packet 
2)medium packet 
3)big packet 

3.2 For how long did you smoke This amount') __ ye-:Hs 

4. Have you ever sm ked in the past? -!. YES 2 . NO 

If no, THIS IS A NEVER SMOKER -> go to QUESTION 5 ABOUT O.l\GGA SMOKING 
If yes, THIS IS AN EX·SMOKER .> go to the questions below 

QUESTIDr-JS FOR EX-SMOKERS 

4.1 How old were you when you first started smoking? ___ years old 

4.2 How long ago did you stop sn'oi-:ing ? a) iess than lyea, 

b) __ years 

(00) 

(number) 

2. tobacco 
3. other 

4.4 How rnany did you smoke each day r; ( circle the appropriate response) 

Show different boxes of ci garettes and packets of tobacco 

4.4.1 cigarettes 

1)less than 10 
2)10 to 19 
3)20 to d 
4)30 and more 

4.4.2 'tobacco' 

1)Si i8 il packet 
2)mec!ium packet 
~)big packet 

17 
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DAGGA SMOKERS 

If 0, go to next sec ion 

5.2 If yes. do YO L! still smoke it ? 

1) every day 
2) not every day but more than J;lCe a if'leek 
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 smo~:ing this arnOll'lt r; 

5.2.3 Did you ever smc'<e mOle or less compared to nO\~/ ? 

5.24 If yes to 5.2.3 . hO\."j (/~en? 

1) every ~:c~V 
2) not every day but more than once a week 
3) less than once a week. 
4) some times but less than once a m0n[h 
5) never 

5.2. 5 For how long did you smoke this amount? 

18 

" YeS 2 . ~JO 

1 'r'ES 2. NO 

( years ) 

(months) 

1 V""Q 2. NO : . 1 1.-.'-' 

___ (years) 

___ ( months) 

r I 
6?LJ 

7o[IU 

nO[J 

74[J 
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E : ALCOHOL USAGE 

THERE AOE SEPAPATE EC IONS .f=OP CL'RPENT :JR'''IVE~S. ~ -DRINKEPS "''0 EVER-ORI-!KERS. 

ADomONALL Y FOR CURRENT DRiNKERS THERE 4RE 3EPARA TE SECTIONS ON WHAT TH ·f DRINK NOo/lJ 
AND WHAT THEY DRANK IN THE PAST IF THIS IS LESS OR M ORE THAN THEY DRINK NOW 

rin g i,'1 e CGrrect answer 

,0 

If yes, THIS /S A CURRENT DRINKER, GO TO QUESTiON 2 BELOW 
If no, go to QUESTION 6 AS THIS COULD BE A,,! EX-D~fNKf~.R OR A NEVER DRINKER 

2. QUESTfO S FOR CURRENT DRfNKERS ONLY 
2.1 Hovv much do you drink during the week? 

I 
I ~dicate number & specify size a:ord~--;::key b:W 
~ 

Beer 

Man to Thurs 

Friday 

Saturday 

Sunday 

I 
I Key: Beer - dump y :A 
I Beer - Quart : B 

I 
Beer- Pint: C 
Beer - can ; D 
Beer - supercan : E 
Spirits - half jack; F 
Spirits - 750ml : G 

Wine Spilits 

Spirits - quarter jack : H 
Spirits 1 litre: I 
Wine bottle (750ml) : J 
Glass: K 
Jug: L 
Juba: M 

2.2 How oid were you when you started drinki ng ? ___ years 

Home made 

2UOD 
5000 
8nno 
11000 

SHOW VARIOUS ITEMS 

3. If you are drinking alcohol now has the amount you are drinki ng changed fl-om the past? 

1-9 

1 
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If NO. qo to QUESTION 4 ABOUT YOUR DRfNKlNG PA !TERN IN THE PAST WEEK 
If 'es, go to QUESTION 3.1 BELOW ABOUT CHANGING DRfNKJNG PATTERNS iN CURRENT DRINKERS 

BELOW 

------

QUESTIONS FOR CURRENT DRINKERS WHO DRI K MORE OR 
LESS NOW corViPARED WITH HOV ! THEY DRANK IN THE PAST 

3.1 How much did you u S~Ia.ly arlnk dunng this period before chan.:;)ing to ~' ;) ur current patte'Tl ot dri'lking? 

Beer Wine Spirits 

Man to Thurs 

Fnday 

Saturday 

Sunday 

I- . 

Use the same key as ab ove. Show various items. 

3.2 For hovv !o:-.g ( y92 l"2- )jid ),o 'J drir; f( this s:"';loun: ? ___ ye?,s 

Home made 

17DDU 
20UOU 
23000 
25DOeJ 

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

4. D,rrinq the PAST WEEK, did your drinking pattern differ from the usual? I. YES 2.1'-40 

- -

If yes, answer the following questions 
If no, go to EXTRA QUESTIONS (5) FOR CURRENT DRINKERS 

20 

I 

j 
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In dicate numb er & sp ecify size according to key above. 

Beer Wine (';pi rits Hom':'! I"nade 

Man to ThufS 

Friday 

Saturday 

Sunday 

Use the same key as abovf2, ShoVl various items. 

EXTRA QUESTIONS FOR CURRENT DRiNKERS 

5. When visiting a friend for a drink or going to a bar wi th friends circie the correct answer 

5.'j HO\!'! many drinks do you usually have at one si ti ng? 

ca ns 

dumpies 

glasses 

5.2 Have you ever felt that yo u sh ould drink less? 1. YES 2. 1\10 

5'3 Have oth er people eVer made you angry by criticising \'our drinking haiJits? 1. YES 2. NO 

5.4 Have you ever fsiT guili)1 or bad beca use you drink? 1. YES 2. NO 

5.5 Have you ever had a dri nlz early in the morni ng in order to mske you feel better / to 

cure your hangover? 1. YES 2 NO 

5.6 Do you think your drinking habits 2:8 normal ? 1. YES 2. NO 

5.7 Have you e'c 2r got so drunk that you cannot r'emember v}hat happened'! 1. YES 2. 1\)0 

1. YES ~. N0 L 5.8 Can you stop easily after 1 or 2 drinks? 

21 

35' 

38 lUU 
"~LIJO 

4400 
460[1 

'laUU 

soU 
51 0 
sLJ 

530 
54U 
55U 

56~ 



Univ
ers

ity
 of

Cap
e Tow

n

5.10 Have you e'.I sr been in hospital bes3use J! ::l icJr) i? 

5 1'1 Hava you e\ier lost fri ends Of ~!lrjhienj'3 bec?lIse Jf al(:,:,;"o! ~j 

512 Have you ever Ilegi"'cted yOI !r fa .. !ly be':;3use '_'f 31(;:Qr.0t ? 

5.13 Hcve y'JU !:"./.::>r h;:;!!uCi'l3tej ( . e.r::1 '!'J:ces ,I Se'f! \;: .- i~r.S ) 

that ' VS i'e not t. Icr'2. a~'"r ali ? 

5.14 Have you ever sought help for your i rin king habits ? 

5. 15 Have / OIJ ever got into trouble at work b"G3USe :1f drinking alc0hol? 

-I. 

" 

1 

l. 

1 . 

1. 

fES 

YES 

,(ES 

YES 

YES 

YES 

YES 

L. :'!O 

2 ~!0 

2. He 

2. NO 

1 NQ 

2. NG 

,., 
NO "-

QUESTION FOR EX-DRINKERS OR NON-DRINKERS 

6. Di d you cirink alcohol in the past? '. YES 2. NO 

If yes J THIS IS AN EXDRINKER, GO TO QUESTJON 6.1 BELOW 

r 
57~ 

59' 

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

QUESTIONS FOR EX-DRINKERS 

6.1 If you only drank alcohol in the past; 
Card 7 

Howald v,{ere YOLI when you stal1ed d"inking ? ___ years 

HClfv oid were yOL! \,vh en you stopped drinking '7 ___ i'ears 

Why did you stop? ______ ___ ___ _______ _ ____ _ 
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I 
I I Indicate numoer & specify size according to key below 

___ I 

ivlon to ihurs 

Friday 

Satu rday 

Sunday 

Key; Beer - dumpy ;A 
Beer - Quart: B 
Beer - Pint : C 
Beer -- can ; D 
Beer - supercan : E 
Spirits - haif jack : F 
Spirits - 750m! : G 

Spints 

Spirits - quarter jack: H 
Spirits 1 litff; ; I 
Wine bottfe (T50ml) .' J 
Glass : K 
Jug: L 
Juba : iv1 

EXTRA QUESTIONS OR EX DRINKERS 

Home mad·? 

"OiIU 
14UUlJ 

SHOW VA RIOUS [TEMS 

7, III the past, Irvhen visiting a friend for a dr:n,; or going to a oar with 'friends circl e the correct answer 

7.1 How many drinks did you usua!ly have at one sitting? 

calls 17DU 
dunipieS 1900 
glasses 21UO 

7.2 Did you ever feel that you should drink less"? 1. YES 2. I'JO 230 
7.3 Did other people ever make you angry b,,! cl"iticising p :.; r drink:ng habits? 1. YES 2. ~~O 240 
7,4 Did you ever feel guilty or b8(~ because you drClnk? 1. YES 2. NO 2SU 
7' .5 Di d you ever have a ol-Ink eariy in the morning In oraer to make you feei bener! 1O 

cure your hangover? 1. YES 2. NO 

23 
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7"6 Did 'j:'U t hinr; your C1 , illKing he its \Nere normal? 

79 Did your friends an fami ly think that \Iou had norma! drinkh g hflhirs ~' 

7.10 Were y Cei ever;n h8spital because of 3 1 ,ahal ') 

712 Did you ever neglect '.lour familv because of aim "" ,I ? 

713 Did yo~ ever h3I!u::inate. (hear voices ! s~ vis,rJr'S ) 
that we re not there afte r ail ~. 

7.14 Did you eve r' seek help for your drinki ng habits? 

7. 15 Did you ever ger 1 .. 10 trouble at 'Norio: beC3'Jse :)f jrirki"rJ al r' )hoP 

Time interview ends (24 hour clock): _ _____ _ 

24 

1. YES 

\ ES 

"i. y ~S 

; 'fC:':: 

1 '<ES 

.. YES 

~ '.,' := 5 

1 v::S 

, YES I. 

1 YES 

2 I'J O 2?LJ 
') r~'J 230 
2 f'JO 2sL 
~. .<',!O 3LJ L. 

2 "JO 3 ' r 1 

_. t'-IO 3:L., 
2 ·!O 33[J 

') I\,rj 0'1 

2. NO 35U 
2. 1\!0 35_ 
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PRE TEST QUESTiONNAIRE FOR PART!Ci?ANTS IN THE STUDY OF NERVOUS 
SYSTEM EFFECTS OF OCCUPATIONAL ENVIRONMENTAL MANGANESE EXPOSuRE 

Survey number: _____ ___ _ 

War";.. nu nber of part,ci~o.r.t . _________ _ 

O::lte . _ _ ____ . dd/mrnf.'Y .. 

Time begin ( 24 hour clock ): ________ _ 

Rmg the correct answer 

,- -Ilf ill 
t_~ 0 __ _--'_ 

9"-'-J I L.~ 

lsiJnrli 

1. Nere you lold ,"bout the following (adequate sleep, no l?ah..:offeelcoca· cola no smoKing and no alcohol fOI 

24 hours prior to testing),1 

1. YES 2 .'\10 19U 
2. How long did you sleep last night ? 2.1 8 - 10 hrs 20~ 

2.2 6· e 'Irs 

2.3 4 · onrs 

2.4 lass thiln 4 hrs 

3. Right noV{ YOll are feeli ng : 3 .1 energetic 

3.2 fresh 

3.3 average 

2· 4 tired 

3.5 exhausted 

II . Did you drink r:offee tea / coca·cola in tne last 24 lIours' 1. YES 2 .NO 

i f yes, how much did you dri nk 

4.1 coffee cups 

4.2 tea cups 24 

4.3 coca-cola ____ cans 

1 
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If yes . how much di e! \/OLI c-moke 

5.2.1 about tn9 ('s'Jal 2!":"''')U. t 

52 2 rr, re th3fl usual 

if }fes . did you rirink ir. the !as~ 24 'lows ') 

i f yes , how mu~h did you drink ? 

6.2.1 aboul: tha usual amount 

6.2.2 !ess th?n usual 

6 .2.2 rnre than i.!sua! 

7. AJe you taki ng any medicine currently ? 

if yes. what are they ? 

8.vision :8.1 M'3'.J2 you ever used glass2s! c':JntaCt lenses? 

8.2 Did the gl asses ,/ contact lenses help you to see better? 

8.3 Did you recei ve instructions to bring your glasses or 

contaci lensesV'litil you? 

8 4 Do you have your ';J lasses /eonr-art lenses 'Nith youl 

Time end ( 24 hour clock }: _____ ___ _ 

,. YeS 2,:·J() 

, I 
-,7 

~ YES 2 NO 

1.YES 2. f-JO 

1. YES 2 .i'JO 37U 
1. YES 2. NO 380 

1. YES 2)\]0 390 

1. YES VIlO 40U 




