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Background While investigations into occupational health problems of various groups of

workers have been conducted in Nigeria, so far, very little attention has been paid to the

health status of workers in the grain industry. The prevalence of respiratory symptoms

among wheat flour mill workers and control groups in a medium size industrial setting in

Nigeria was studied.

Methods The study employed a cross-sectional analytical design. Data were collected

using structured interviews, work-site observations, and physical examination. Respon-

dents consisted of 91 flour-millers, 30matched internal controls from themaintenance unit

of the same flour mill factory, and 121 matched external controls.

Results Fifty-four percent of the flour-millers reported at least one respiratory

symptom compared with 30% of the internal controls (P< 0.05) and 19% of the external

controls (P< 0.001). Most symptoms were significantly more prevalent among the flour-

millers compared with control subjects, and this trend was more evident amongst non-

smokers than ex-smokers.

Conclusions The study concluded that wheat flour mill workers in Nigeria, like grain

workers elsewhere, were at an increased risk of developing both pulmonary and non-

pulmonary symptoms compared with control subjects. The result has implications for

improved dust control measures in thegrain industry inNigeria. Am. J. Ind.Med. 45:251–

259, 2004. � 2004 Wiley-Liss, Inc.
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INTRODUCTION

Diseases of the upper respiratory tract are widespread in

workers exposed to various dusts and closely correlate with

the length of exposure [Pankova, 1992]. In developing

countries, relatively large numbers of people are employed in

industries processing agricultural products, and this has

made the problem of exposure to vegetable dusts (grain,

cotton, tobacco, tea)more serious there [WHO, 1993]. Cross-

sectional epidemiological studies have shown a higher

prevalence of respiratory symptoms among grain handlers

compared with workers not so exposed, even after control-

ling for the effect of smoking [Bachmann and Myers, 1991;

Laraqui et al., 2000; Smith et al., 2000; Viet et al., 2001].

Among related substances, wheat dust has been most

frequently implicated as an allergen for allergic rhinitis and

work related asthma in cereal flour workers [Prichard et al.,

1994]. Non-specific respiratory irritation was considerably

more common than sensitization as the cause of work-related

symptoms in flour milling, baking, and other wheat flour

based industries [Smith and Lumley, 1996]. However, while
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few studies have compared workers exposed to different dust

concentrations within the same workplace, external refer-

ence groups usually consisting of civic workers have most

commonly been used for comparison. Since the intensity of

exposure to flour dust may vary in different areas of the flour

mill, job assignments in the factory may possibly determine

the level of exposure, and thus the prevalence and severity of

indices of respiratory disease.

While investigations into occupational health problems

of various groups of workers have been conducted in Nigeria

[Ogakwu, 1973; Sofoluwe, 1977; Jinadu, 1980; Oleru, 1980;

Erhabor et al., 1992; Ige and Onadeko, 2000], very little

attention has been paid to the health status of workers in

the grain industry. With increasing industrialization and

urbanization of our communities, there has been an attendant

proliferation of fast food industries nationwide, creating an

increased demand for wheat flour and its products. Conse-

quently, there has been an attendant increase in the numbers of

flourmill industries in the country, some of thememploying as

many as 500 workers [Jinadu and Malomo, 1986].

The present study was carried out to define the pre-

valence of respiratory symptoms among wheat flour mill

workers and control groups in Ibadan, Nigeria. Dust con-

centrations in various sections of the flour mill were

estimated in an attempt to relate clinical symptoms with

particulate dust exposures. It is envisaged that the results of

the study will provide baseline data towards making

recommendations for environmental and personal dust con-

trol measures and subsequent evaluation of such intervention

procedures in the grain industry in Nigeria.

SUBJECTS AND METHODS

Study Location

The study was carried out in the city of Ibadan, the

capital of Oyo State, Southwest, Nigeria. The inhabitants are

largely civil servants, traders, and factory workers.

Study Population/Design

The study employed a cross-sectional analytical design.

The study population consisted of a study group and two

control groups. The study group consisted of all 91 pro-

duction workers of the largest flour mill factory in the city.

These were all males who were directly engaged in flour

milling, and were thus conceptually, a high-dust exposure

group. The first group of controls consisted of all 30 male

employees of the maintenance department of the flour mill

factory, excluding five female caterers. These included auto-

mechanics, drivers, caterers, welders, electricians, and other

artisans who had their tool shed situated opposite the mill

plant, but were not directly engaged in flour milling. They

were thus defined a low-dust exposure group and served as

internal controls. None of them had ever been previously

employed in a flour mill factory or related industry and

they belonged to a similar socio-economic class as the study

group. The other control group consisted of 121 civic male

workers, out of the 145 employed in the maintenance section

of the University of Ibadan, who had never been employed in

a wheat flour mill or related industry. This group included

ten females and they were excluded from the sample. The

section consisted of a number of technical units including

plumbing, electrical installations, transport, auto mechanic,

civil maintenance, and phone exchange. These respondents

also belonged to a similar socio-economic class as the study

group and served as external controls. Respondents with

previous history of chronic respiratory problems (such as

treatment for bronchial asthma, chronic bronchitis/emphy-

sema) prior to the commencement of their present employ-

ment were excluded from the study. No such categories were

found among the production workers or the internal controls

(probably as a result of the pre-employment and pre-

placement screening policy of the flour mill factory), while

five potential external controls were excluded based on this

criterion. The study and control groups were further matched

for age (within a 5-year range), sex, weight (within 2-kg

range), and height (within 10-cm range) on a group basis

using frequency-matching techniques [Abramson, 1990].

Ethical approval for the study was obtained from the ethical

committee of the Obafemi Awolowo University (OAU)

Teaching Hospitals, Ile-Ife, Nigeria.

Data Collection Techniques

A medical and occupational questionnaire was applied

to assess the prevalence of symptoms among the respondents.

This was based on a modified British Medical Research

Council questionnaire on respiratory symptoms [Medical

Research Council (MRC) Committee on the Aetiology of

Chronic Bronchitis, 1960], as adapted by Femi-Pearse et al.

[1973] in a previous study in Nigeria. Cough and sputum

were said to be present when the subject had the symptoms

either during the day or at night for 5 ormore days eachweek;

chronic bronchitis was defined as presence of sputum with

or without cough on most days of the month for as long as

3 consecutive months of the year, for at least 2 consecutive

years; breathlessness was defined as getting short of breath

when walking with other people of same age on level ground

or up a slight hill; chest tightness was defined as feeling tight

in the chest/difficult breathing on the first days back at work

on more than 50% of occasions and/or on other days too;

wheeze was defined as ability of subject or others nearby to

hear a whistling sound when subject was breathing; a non-

smoker was one who had never smoked as much as one

cigarette a day for as long as 1 year; an ex-smoker was one

who smoked regularly as above, but has since stopped for at

least 1month preceding the survey.A current smokerwas one
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still smoking as defined even as of the time of the survey.

Questions on other items such as rhinitis, conjunctivitis,

dermatitis, smoking habits, and occupational history were

included. The occupational part of the questionnaire ad-

dressed current job description, duration and location, and a

detailed history of previous employment. Responses were

validated by using factory records to cross-check variables

such as age, job description, and years of employment. For

the variables of job description and years of employment,

there were no discrepancies between factory records and

workers’ self-report. Where there were age discrepancies

between factory and self-report, ages reported by self were

recorded. In addition, inspection of work-site environment

was carried out with the help of a checklist adapted from the

work of Phoon [1988] as guide. Physical examination of all

subjects was carried out on site. This included measurement

of height and weight. Measurement of standing height was

done with a stadiometer (UNICEF/Raven Equipment Ltd.1)

using standard procedure [Weiner and Lourie, 1969]. Body

weight was taken with a portable weighing scale (UNICEF/

Salter1) with light clothing and without shoes. Chest ex-

amination was carried out when indicated using standard

medical examination procedures.

Dust sampling at the flour mill factory was carried out

with technical assistance of the Pollution Prevention

Laboratory, Department of Physics and the Department of

Chemistry, both of the OAU, Ile-Ife, Nigeria. Samples of

total suspended particulate (TSP) matter were collected on a

4-mm diameter membrane filter (Whatman Ltd., USA) with

the use of a portable air sampler (model NR 344, Rotherve &

Mitchel Ltd., England). Even though it was realized that this

procedure could underestimate the personal dust exposure

levels, it was done in place of personal sampling due to

unavailability of equipment. Air was drawn through the

sampler at the rate of 10 L/min (or a volumetric flow rate of

0.01 m3/min), monitored via an accompanying flowmeter/

calibrator. Air sampling was undertaken for periods ranging

between 4 and 6 hrs/day on the various floors of themill plant

and the maintenance department and on several days while

the study lasted. Dust concentration expressed in mg/m3was

calculated from the changes inweight of the filter (before and

after sampling) divided by the volume of air sampled. In all,

about ten TSP samples were collected from each sampling

location, and there were five such locations in the production

unit and three in the maintenance department. In each case,

the dust sampler was placed on raised platforms, but as close

as possible to the vicinity and breathing zones of workers.

The dust samples were further analyzed at the University

Department of Food Science and Technology to confirm

that they consisted of organic wheat flour material. The

appearance of the stained granules of wheat were used to

identify the particles under the microscope, and the shapes

were compatible with that described for wheat by Schoch,

and cited in Pomeranz and Meloan [1994].

Data Analysis

Data were analyzed by means of the Epi Info statistical

package for personal computers (version 6.3), and ‘‘Com-

puter Programs for Epidemiologists’’ (PEPI), version

3.0 [Gahlinger and Abramson, 1999]. Continuous variables

that were normal in distribution (such as age and weight)

were expressed as means (�standard deviation). In cases

where the means were derived from a series of average

measurements, as for dust levels, results were expressed as

means (�standard error of the mean, SEM). Where con-

tinuous data were skewed, median values were stated as well.

Statistical comparisons of the arithmetic means from the

study and control groups were carried out using the student’s

t-test. Pair-wise comparison of means were done for the

continuous variables of age, weight, height, and duration of

current employment among the three occupational groups

using the Games-Howell multiple comparison procedure of

the t-test [Gahlinger and Abramson, 1999]. This procedure

was undertaken because the Games-Howell test could ac-

commodate three or more means simultaneously, and

compare between groups (two at a time) as was needed in

this study, and supply the results in a single file, as depicted in

Table I below. Discrete data such as prevalence of symptoms

among study and control groups were expressed as propor-

tions (percentages). Statistical analysis of difference between

proportions was done by the use of the w2-test. Whenever the

expected cell frequencies were less than five, comparison of

proportions was accomplished using the Fisher’s exact test.

Statistical significancewas set atP< 0.05 for all values of the

t-test and the w2-test.

RESULTS

Socio-Demographic Characteristics

Respondents were generally comparable in their socio-

demographic characteristics (Table I). The production staff

did not differ significantly from the external controls in age,

height, weight, current and past smoking histories, and

previous mining history. However, the internal controls were

significantly older than the production staff (P< 0.01). Also

the external controls had been employed on their current jobs

for a significantly longer duration than both the production

staff and the internal controls (P< 0.01). These factors were

taken into consideration in Discussion.

Prevalence of Symptoms

Table II depicts the frequency of pulmonary and non-

pulmonary symptoms among flour mill workers and control

groups. The production staff had a significantly higher pre-

valence of several non-pulmonary symptoms compared with

the external controls (P< 0.001). These symptoms included
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eye irritation, eye discharge, conjunctivitis, nasal catarrh, and

skin rash.When the production workers were compared with

the internal controls at the flour mill, significant differences

in prevalence of non-pulmonary symptoms existed for eye

irritation (P< 0.01), nasal catarrh (P< 0.05), and skin rash

(P< 0.001) only. The production staff reported higher

frequencies of symptoms. The difference in prevalence of

eye discharge and conjunctivitis between the two occupa-

tional groups, though higher among production workers than

internal controls, was not statistically significant.

With regards to pulmonary symptoms, the prevalence

among production workers (study group) was generally

TABLE I. Socio-Demographic Characteristics of FlourMill Workers and Controls,Nigeria

Study factor

1 2 3 P values*

Production staff

(n¼ 91)

Internal controls

(n¼ 30)

Outside controls

(n¼121) 1V 2 1V 3 2 V 3

Age (years)

Mean� SD 34.3� 8.8 38.9� 9.7 36.1� 9.6 <0.01 NS NS

Height (cm)

Mean� SD 171.1� 12.5 171.1� 6.5 171.6� 5.6 NS NS NS

Weight (kg)

Mean� SD 63.0�10.7 64.5� 8.1 64.2� 7.8 NS NS NS

Duration of current employment (years)

Mean� SD 5.6� 3.9 6.1� 4.0 11.7�8.6 NS <0.01 <0.01

Current smokers

Number (%) 4 (4) 4 (13) 2 (2) NS NS <0.05

Ex-smokers

Number (%) 12 (13) 7 (23) 10 (8) NS NS <0.05

Non-smokers

Number (%) 75 (82) 19 (63) 109 (90) NS NS <0.001

Previousmining history

Number (%) 7 (8) 2 (7) 10 (8) NS NS NS

*1V 2 means1versus 2 etc.

TABLE II. Prevalence of Pulmonary andNon-Pulmonary SymptomsAmong Flour Mill Workers and Controls,Nigeria

Symptoms
a

1 2 3 P values

Production staff

(n¼ 91)

Internal controls

(n¼ 30)

Outside controls

(n¼121) 1V 2 1V 3 2 V 3

Eye irritation 53 (58) 7 (23) 14 (12) <0.01 <0.001 NS

Eye discharge 38 (42) 9 (30) 5 (4) NS <0.001 <0.001

Conjunctivitis 35 (39) 7 (23) 4 (3) NS <0.001 <0.001

Nasal catarrh 51 (56) 9 (30) 33 (27) <0.05 <0.001 NS

Skin rash 38 (42) 1 (3) 2 (2) <0.001 <0.001 NS

Cough 36 (40) 7 (23) 4 (3) NS <0.001 <0.01

Sputumproduction 51 (56) 6 (20) 6 (5) <0.01 <0.001 <0.05

Chronic bronchitis 5 (6) 1 (3) 2 (2) NS NS NS

Breathlessness 13 (14) 3 (10) 6 (5) NS <0.05 NS

Wheeze 6 (7) 3 (10) 1 (1) NS <0.05 NS

Shortness of breathwithwheeze 6 (7) 2 (7) 1 (1) NS <0.05 NS

Chest pain 11 (12) 4 (13) 14 (11) NS NS NS

Chest tightness 5 (6) 1 (3) 2 (2) NS NS NS

Hemoptysis 2 (2) 0 (0) 2 (2) NS NS NS

a
Prevalence of symptoms were presented as frequencies and percentages in parentheses.
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greater compared with external controls. However, statistical

significance existed for cough and sputum production (P<

0.001), breathlessness, wheeze, and shortness of breath with

wheeze (P< 0.05). Only sputum production was signifi-

cantly more prevalent among the production staff compared

with the internal controls (P< 0.01). The difference in

prevalence of all other pulmonary symptoms between these

groups was not statistically significant.

In all, 49 subjects (54%) among the production staff

reported at least one respiratory symptom comparedwith nine

subjects (30%) among the internal controls (P< 0.05), and

23 subjects (19%) among the external controls (P< 0.001,

Fig. 1). The reported prevalence of pulmonary symptoms

among the production staff were as follows: sputum produc-

tion 56%, cough 40%, breathlessness 14%, chest pain 12%,

wheeze 7%, shortness of breath with wheeze 7%, chronic

bronchitis 6%, chest tightness 6%, and hemoptysis 2%.

Considering the prevalence of symptoms by smoking

categories, among non-smokers (Table III), the production

staff had a significantly higher prevalence of all non-

pulmonary symptoms compared with the external controls

(P< 0.001). However, only eye irritation and skin rash were

significantly more prevalent among the production staff

compared with the internal controls at the flour mill factory

(P< 0.05 and P< 0.01, respectively). With regards to

pulmonary symptoms, again, the production staff had the

highest prevalence of all symptoms. Compared with the ex-

ternal controls, significant differences in prevalence existed

for cough (P< 0.001), sputum production (P< 0.001),

wheeze (P< 0.05), and shortness of breath with wheeze

(P< 0.05). Furthermore, the production staff also reported a

significantly higher prevalence of sputum production com-

paredwith the internal controls (P< 0.01). The prevalence of

all other pulmonary symptoms did not differ significantly

between the groups.

Among ex-smokers (Table IV), only eye discharge and

skin rash were significantly more prevalent among the pro-

duction staff compared with the external controls (P< 0.05).

The prevalence of all other symptoms did not differ signi-

ficantly among the three study groups. A further comparison

of the prevalence of respiratory symptoms between non-

smokers (Table III) and ex-smokers (Table IV) for all

occupational groups (production staff, internal controls, and

external controls) revealed no significant differences be-

tween the smoking categories. The proportions of respon-

dents thatwere current smokers among the three study groups

were so small that this precluded any meaningful compar-

isons between the groups.

Dust Sampling

The area sampling of dust concentration at the various

sections of the flourmill factory is shown inTableV. The total

sample particulate (TSP) of dust varied from0.6 to 4.7mg/m3

on the shop floor (production unit) and 0.1 to 0.6mg/m3 at the

maintenance workshop (work base of the internal controls).

The TSP concentration at the various sites varied from day to

day and at different times of the day, depending on the

ambient climatic conditions. The dustiest section of the shop

floor was the silo and the least dusty was the warehouse. On

the average, the TSP concentration at the production unit was

considerably higher compared with the maintenance unit

(P< 0.001). Mean values at both sites, however, exceeded

the Federal Environmental Protection Agency [Federal

Environmental Protection Agency, 1991] standards of

0.25 mg/m3 (250 mg/m3), the ambient air limits for all

FIGURE 1. Proportionofproductionstaffandcontrols reportingat leastone respiratory symptom.
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particulate pollutants in Nigeria [Federal Environmental

Protection Agency, 1991]. Despite this, however, none of

either production workers or the internal controls wore any

dust protective devices. The significantly higher TSP

concentration on the shop floor compared with the main-

tenance workshop was congruent with the higher prevalence

of pulmonary and non-pulmonary symptoms among produc-

tion workers compared with the internal controls (Table II).

DISCUSSION

The study groups were suitably matched in terms of

major demographic variables, smoking habits, and previous

mining history, all ofwhich could confound the prevalence of

symptoms of respiratory disease. It was noted, however, that

on the average, the internal control group was older than the

study group, and that the external controls had been em-

TABLE III. Prevalence of Pulmonary andNon-Pulmonary SymptomsAmong FlourMill Workers and Controls (Non-Smokers),Nigeria

Symptoms
a

1 2 3 P values

Production staff

(n¼ 91)

Internal controls

(n¼ 30)

Outside controls

(n¼121) 1V 2 1V 3 2 V3

Eye irritation 44 (59) 5 (26) 8 (7) <0.05 <0.001 <0.05

Eye discharge 30 (40) 6 (32) 4 (4) NS <0.001 <0.001

Conjunctivitis 29 (39) 5 (26) 3 (3) NS <0.001 <0.01

Nasal catarrh 42 (56) 6 (32) 26 (24) NS <0.001 NS

Skin rash 29 (39) 0 (0) 2 (2) <0.01 <0.001 NS

Cough 30 (40) 4 (21) 4 (4) NS <0.001 <0.05

Sputumproduction 44 (59) 4 (21) 3 (3) <0.01 <0.001 <0.01

Chronic bronchitis 5 (7) 1 (5) 2 (2) NS NS NS

Breathlessness 9 (12) 2 (11) 6 (6) NS NS NS

Wheeze 4 (5) 1 (5) 0 (0) NS <0.05 NS

Shortness of breathwithwheeze 4 (5) 0 (0) 0 (0) NS <0.05 NS

Chest pain 9 (12) 2 (11) 12 (11) NS NS NS

Chest tightness 4 (5) 0 (0) 1 (1) NS NS NS

Hemoptysis 2 (3) 0 (0) 2 (2) NS NS NS

a
Prevalence of symptoms were presented as frequencies and percentages in parentheses.

TABLE IV. Prevalence of Pulmonary and Non-Pulmonary SymptomsAmong FlourMillWorkers and Controls (Ex-Smokers),Nigeria

Symptoms
a

1 2 3 P values

Production staff

(n¼ 91)

Internal controls

(n¼ 30)

Outside controls

(n¼121) 1V 2 1V 3 2 V 3

Eye irritation 8 (67) 2 (29) 5 (50) NS NS NS

Eye discharge 7 (58) 3 (43) 1 (10) NS <0.05 NS

Conjunctivitis 6 (50) 2 (29) 1 (10) NS NS NS

Nasal catarrh 8 (67) 3 (43) 6 (60) NS NS NS

Skin rash 7 (58) 1 (14) 0 (0) NS <0.05 NS

Cough 4 (33) 1 (14) 0 (0) NS NS NS

Sputumproduction 5 (42) 2 (29) 2 (20) NS NS NS

Chronic bronchitis 0 (0) 0 (0) 0 (0) NS NS NS

Breathlessness 3 (25) 1 (14) 0 (0) NS NS NS

Wheeze 2 (17) 2 (29) 1 (10) NS NS NS

Shortness of breathwithwheeze 2 (17) 2 (29) 1 (10) NS NS NS

Chest pain 1 (8) 1 (14) 1 (10) NS NS NS

Chest tightness 1 (8) 1 (14) 1 (10) NS NS NS

Hemoptysis 0 (0) 0 (0) 0 (0) NS NS NS

a
Prevalence of symptoms were presented as frequencies and percentages in parentheses.
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ployed on their current jobs for a longer duration than both

the study group and the internal controls. On the one hand,

these findings could underestimate odds of developing re-

spiratory disease in the study group compared with the

control groups, by increasing the likelihood of respiratory

disease in the control groups. On the other hand, however,

other studies in the literature [doPico et al., 1977; Chan-

Yeung et al., 1980; Broder et al., 1984] found no association

between the prevalence of symptoms on the one hand, and

either age, or duration of employment on the other.

The results of this study demonstrated that flour-millers

in Ibadan were at an increased risk of developing both

pulmonary and non-pulmonary disorders compared with

control subjects. This is in agreement with reports from other

investigators including doPico et al. [1977] and Cotton and

Dosman [1978]. The findings also suggest a dose–response

relationship between the degree of exposure to particulate

dust and the prevalence of symptoms of respiratory disease

in the occupational groups at the flour mill factory, as

the production staff were not only found to work in a dustier

environment, but also recorded a higher prevalence of

respiratory disease compared with the internal controls. This

is in keeping with the findings of Corey et al. [1982], and

doPico et al. [1983]. However, while the threshold limit value

(TLV) for nuisance particulates, a term usually applied to

dusts thought to be inert, has been set at 0.25 mg/m3 in

Nigeria [Federal Environmental Protection Agency, 1991],

several controlled epidemiological studies have demon-

strated that wheat-flour/grain dust cannot be considered

merely as a nuisance/inert dust. It has a range of biologic

activities mediated through different cell types [Chan-Yeung

et al., 1992]. Moreover, the results of area sampling of the

flour mill factory in the present study revealed that the mean

TSP concentrations at both the production unit and the

maintenance section exceeded the TLV.

In this study, the prevalence of eye and nasal symptoms,

and skin rash/irritation was significantly higher among the

production staff compared with control subjects and this was

more so for the external controls than the internal controls.

Several other investigators including Tse et al. [1973], Chan-

Yeung et al. [1980], doPico et al. [1983], Yach et al. [1985],

Hogan et al. [1986], and Jinadu and Malomo [1986] have

reported such increased prevalence of skin and mucous

membrane symptoms among grain dust operatives. The

prevalence figures recorded in this study were slightly higher

than those reported bymost of these other investigators. This,

however, was not a surprising finding since the differences in

the prevalence figures were likely to relate to the degree of

dust pollution of the various work environments, and the dust

control mechanisms available and utilized at the different

workplaces. Unlike inmany other locations, amajority of the

productionworkerswore no personal dust protective devices,

and were likely to partake in more manual operations than

their counterparts elsewhere.

With regards to respiratory symptoms, 54% of the pro-

duction staff reported at least one respiratory symptom. This

was less than the 75% reported by Tse et al. [1973] among

Canadian grain dust operatives but comparable with the 47%

reported by Yach et al. [1985] among South African grain

workers. Again, the production workers recorded signifi-

cantly higher prevalence of respiratory symptoms compared

with control groups and this was more evident among the

non-smokers. This trend was similar to that reported by such

investigators as Williams et al. [1964] and Becklake et al.

[1977]. The harmful effects of smoking were once again

demonstrated in this study. Among ex-smokers, for example,

the prevalence of respiratory symptoms did not differ signi-

ficantly between the occupational groups (as it did among

non-smokers). Past history of smoking emerged as a strong

factor among these ex-smokers in the production of chest

symptoms (than exposure to particulate dust) by suggesting

that there was no added risk of developing chest symptoms

among production workers compared with control subjects.

Although, it was noticeable that ex-smoking status probably

acted as a positive effect modifier in the production of

symptoms of breathlessness and wheeze among production

workers, and as negative effect modifier for the symptoms of

cough and sputum production among the same group, further

analysis revealed no statistical significant differences in the

prevalence of chest symptoms between non-smokers and

TABLE V. Assessment of Total Sample Particulate (TSP) of Dust at the Work Environment of Flour Mill Workers

in Ibadan,Nigeria

Study factor

Sampling location

1 2 P value

Shop-floor (production unit) Maintenance workshop 1V 2

TSP concentration

Range (mg/m
3
) 0.6^4.7 0.1^0.6

Mean� SEM (mg/m
3
) 2.4� 2.0 0.4� 0.3 <0.001

Median (mg/m
3
) 3.6 0.4
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ex-smokers among the three occupational groups. Therefore,

the only evidence of the effect of previous history of smoking

was the comparison of the prevalence of chest symptoms

across the occupational groups among ex-smokers sepa-

rately, and among non-smokers separately as has been done

in this study. It must be pointed out that the small proportions

of ex-smokers in all the occupational groups might have led

to an overall reduction of the risk of respiratory disease

attributable to smoking among the occupational groups.

Unlike the studies of Broder et al. [1979], Chan-Yeung

et al. [1980], and others that demonstrated a clear-cut gra-

dient in the frequencies of some or all chest symptoms from

non-smokers to ex-smokers and current smokers in all

occupational groups compared, no such linear gradation was

evident in this study. This again might not be unconnected

with the small proportions of current and ex-smokers in-

herent in the study groups. We note, however, that the low

occurrence of current or ex-smokers in this study was not

likely due to the exclusion of participants who developed

chronic respiratory disease prior to the commencement of

their current employment from the study. On the one hand,

the proportion of potential participants that were so excluded

was quite small (nil for production workers and internal

controls, 5[3%] for external controls) to have resulted in any

significant effects. On the other hand, it was not participants

who developed chronic respiratory disease that were

excluded, but ‘‘potential participants,’’ who prior to the

commencement of their present employment, had developed

chronic respiratory disease. Had these individuals not been

excluded, they would have accounted for a relative increase

in the risk of respiratory disease among external controls

(compared with production staff and internal controls) or a

relative decrease in the risk of respiratory disease among

production staff and internal controls when compared with

external controls. A more probable explanation for the small

proportion of current and ex-smokers is the generally low

prevalence of smoking in Nigeria (variously quoted between

2 and 7%byOmokhodion and Sanya [2003] and Femi-Pearse

et al. [1973]) probably resulting from socio-economic and

related factors.

We noted that while the prevalence of cough and sputum

production among the production staff was quite high,

(40 and 56%, respectively), the more disabling conditions

like breathlessness, wheeze, chest pain, hemoptysis, and

chronic bronchitis was quite low and varied between 2 and

14%. This may, however, not be a surprising finding as the

subjects in this study, as in most cross-sectional studies,

might represent a ‘‘survival population.’’ Subjects who

developed more disabling symptoms might have changed

their jobs or left the establishment early. We did not consider

the exclusion of subjects with history of chronic respiratory

symptoms prior to their present jobs from the study an

explanation for the low prevalence of more disabling con-

ditions among the production workers, as no subject was so

classified in this group, let alone being eventually excluded in

the analysis. Curiously, none of the eight respondents in this

study who presented with chronic bronchitis had a previous

history of smoking, contrary to widely held views that this is

mainly a disorder of smokers. Five of the subjects (63%)were

production workers of the flour mill factory. This, again, was

however, not a very surprising finding as other investigators

such as Cohen and Osgood [1953] and Skoulas et al. [1964]

have earlier documented that grain dust operatives could

present with signs and symptoms of chronic obstructive

pulmonary disease without previous history of smoking.

AlsoWilliams et al. [1964] and Tse et al. [1973] have posited

that both cigarette smoking and exposure to grain dust might

differentially result in chronic bronchitis.

CONCLUSIONS

Flour mill workers in Nigeria, like grain dust workers

elsewhere, are at an increased risk of developing both

pulmonary and skin/mucous membrane disorders compared

with control subjects. Results of area sampling of dust also

revealed that average measurements exceeded the TLV and

yet, a majority of the workers wore no dust protective de-

vices. These results have important implications for the grain

industry in Nigeria, where there is insufficient legislation and

workmen’s compensation.

While evolution of mechanisms for lowering the dust

concentration of worksites should continue to be a priority,

grain workers should be educated continuously on the im-

portance of wearing dust protective devices whenever they

are provided to reduce their load of dust exposure. There is

also need for more prospective research into the respiratory

hazards of wheat/grain workers in Nigeria that would

incorporate personal sampling of dust and spirometry. This

would guide future attempts at setting standards for

permissible dust exposure levels amongwheat/grain workers

bearing in mind that wheat/grain dust is not an inert dust.
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