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Abstract

Background: This study was to determine the prevalence of respiratory health complaints, allergy symptom, lung
functions, and the association between airborne concentrations of chromium and aluminium with respiratory health
and allergy symptoms among machining industry workers in Selangor, Malaysia.

Methods: The study design was a cross-sectional comparative study. The respiratory and allergy symptoms wete ob-
tained through the American Thoracic Society (ATS) Adult Respiratory Questionnaire (ATS-DLD-78) modified ques-
tionnaire.

Results: The MWFs unexposed group had significantly higher TWAg airborne aluminum concentration (median =
0.24 ng/m3) than the exposed group (median = 0.13 ng/m3) (P=0.027). Howevet, no significant difference was found
in the airborne chromium between both groups. Significantly higher skin itchiness was reported by the MWFs exposed
group. This was further supported by the serum total IgE concentrations which was significantly higher among MWFs
exposed group than the unexposed group (P=0.024). The prevalence of total serum IgE was significantly higher for
the exposed group (54.3%) than the unexposed group (36.9%). The exposed group reported significantly higher preva-
lence of cough symptom, morning cough with sputum and health wotties caused by metalworking fluids than the un-
exposed group.

Conclusion: This study showed significantly higher allergy and respiratory symptoms among the MWFs exposed
group than the unexposed group.
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Introduction

Various epidemiological and clinical studies re-
ported association of metalworking fluid (MWTFs)
aerosols with respiratory symptoms and diseases
such as hypersensitivity pneumonitis (2), asthma
(2, 3), impaired lung function (4), sinusitis (5) and
allergic alveolitis (6). The symptoms have been
reported even in an environment rated as faitly
clean according to occupational exposure limits
(OELs) (7). Greaves et al. (8) found that operators
exposed to metalworking fluids had a higher prev-
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alence of cough, phlegm, wheezing and breath-
lessness than unexposed assembly workers.

A study had been conducted to identify specific
health risks and exposure-response relationships
associated with exposure to MWFs aerosol among
exposed and unexposed control group which
showed significantly higher prevalence of wheeze,
chronic bronchitis, chronic rhinitis and eye irrita-
tion among metal workers, exposed to 0.4 mg/m’
MWTF aerosol than the control group (9). These
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results showed that the current Swedish 8-h expo-
sure limit value (1 mg/m’) is not protective for
workers from such symptoms. Findings from
Kriebel et al. (10) showed a 3-fold increase in the
incidence of cross-shift decrements of forced ex-
piratory volume per one second (FEV,) were de-
tected in machinists exposed to inhalable MWF
aerosols with concentration of more than 0.08
mg/ m’.

Metalworking is a co-exposure to metals for
workers. Metal particles are generated in the
course of metalworking and can dissolve in the
metalworking fluids. The type of metal depends
on the composition of metal being worked and
the tool used. These may include nickel, chromi-
um, lead, cobalt or molybdenum, some of which
are known carcinogens (11). Exposure to chemical
agents (metals) is usually assessed from the
breathing zone of workers present at the produc-
tion line during the grinding operation. Based on
19 samples collected, chromium concentrations
ranged from 0.9-4.2 ug/m’ with a geometric mean
of 2.1 ug/m’ while aluminum concentrations
ranged from 1.2-80.5 pg/m’ with a geometric
mean of 5.1 pg/m’. Findings showed that the ex-
posure concentrations to metals were far lower
than the threshold limit value (TLV) of American
Conference of Industrial Hygienists (ACGIH).
Therefore, there was no substantial evidence of
their adverse effects on the respiratory systems of
the workers. Park et al. (5) suggested further stud-
ies to identify environmental risk factors for sinus-
itis by analyzing the relationship between the med-
ical examination results with the plant characteris-
tics such as the exposure concentration data.

This study was specifically designed to determine
the associations of metalworking fluids exposure
on lung functions, respiratory allergy and respira-
tory symptoms and to assess the chemical com-
ponents of the metalworking fluids specifically
chromium and aluminum in personal air samples.
The general objective of this study was to deter-
mine work related health symptoms and problems
reported, among workers in a machining industry.
We hypothesized that there were significant rela-
tionships between metalworking fluids exposures
in term of aluminum and chromium in personal
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air samples with the total immunoglobulin E
(TIgE) in blood samples and reported health ef-
fects (respiratory allergy and lung functions)
among the production workers.

Materials and Methods

This was a cross-sectional comparative study at a
machining where the respondents were randomly
sampled from the production, non-production
and assembly workers. Production workers with a
minimum exposure to MWFs for one hour per
week were classified as the exposed group. Non-
production workers and assembly workers who
did not work with or not exposed to MWFs for
more than one hour per week were classified as
the unexposed group. The respondents were in-
terviewed using ATS (1978) modified question-
naire, and then scheduled for intravenous blood
collection for TIgE analysis, lung function tests
and personal air sampling.

An interview-administered questionnaire was used
to collect information on the personal socio-
demographic characteristic and workplace chemi-
cal exposure information, occupational history,
medical history (presence illness or health com-
plaint, work-related health complaints, medical
history and family medical history) and their per-
sonal lifestyle (smoking, alcohol, exercise and pet-
sonal hygiene). The questions on medical history
of respiratory symptoms and smoking habits were
adapted from the American Thoracic Society
(ATS) Adult Respiratory Questionnaire (ATS-
DLD-78)(12). The classification of respiratory
chronic symptoms was referred to the guidelines
by Robin et al. (4) and the Modified Medical Re-
search Council (MMRC) dyspnea scale. Smoking
status was classified into three categories, non-
smokers, ex-smokers and current smokers. Ex-
smokers were defined as those who quit smoking
at least one month before the questionnaire sur-
vey.

Personal blood samples from respondents were
collected by a licensed clinical technologist. Sam-
ples of venous blood were drawn from a median
cubital vein into tubes containing potassium
EDTA as the anticoagulant. TIgE was measured
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by the capsulated hydrophilic carrier (Im-
munoCAP Total IgE) using ImmunoCAP assay
(Phadia® 100). These measurements were cartied
out using fluorescence enzyme immunoassay

(FEIA) technique. Values were expressed in kU /L.

The measuring range for undiluted serum is 2-
5,000 kU/L. The normal range for serum total
IgE generally used for adults is less than 100
kU/L. High serum TIgE levels were defined as
equal or more than 100 kU /L.

A spirometer, model Spirolab II was used to
measure forced vital capacity (FVC) and forced
expiratory volume in one second (FEV,). The
lung function tests were performed in standing
position. Height and weight of the respondents
measured were used for the calculation of refer-
ence values. The weight was measured by a spring
balance (SECA, Germany). The ambient temper-
ature and pressure were measured using ther-
mometer and barometer.

The lung function tests were carried out at the
beginning (pre-shift) and at the end of the work
shift (post-shift) for each respondent to assess the
cross shift lung function values and to explore the
lung response to the chemical exposure. At least
three technically satisfactory measurements (with-
in 5%) were obtained from each respondent in
both measurements. The forced vital capacity
(FVC) was measured as the total volume of air
exhaled. The speed of the expiratory airflow was
quantified by the Forced Expiratory Volume in
One Second (FEV,). Percentage changes in FVC
and FEV1 for the cross-shift are as follows: Per-
centage change = 100 x (Final reading — Initial
reading)/Initial reading. A negative value repre-
sents a reduction in FVC and FEV, over the work
shift (4). Evaluation of an individual’s change in
lung function over time is often more clinically
valuable than a single comparison with external
predicted value (13). These measurements were
compared with predicted values based on their
ethnicity, gender, age and height. In this study, the
spirometric results were compared with predicted
values of FVC and FEV, which were calculated
based on the regression equations derived from
Singh et al. (14) spirometric studies in Malaysia.
Base on the COPD classification (15, 16), re-
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spondent with FEV,/FVC ratio less than 0.70 and
FEV, less than 80% of predicted values were de-
fined as having obstructive lung function. Re-
spondent with cross-shift changes in FVC = 11%
or cross-shift changes in FEV, = 13% was classi-
fied as having obstructive lung function (13).

The personal air samples were collected using cel-
lulose ester membrane filters (0.8 um pore size, 37
mm diameter) in cassette filter holder. SKC per-
sonal air sampler pump at a flow rate simulating
human breathing of 1.6 1/min was used. The pet-
sonal air samples were collected during the work-
ing hours for 4 hours. Sampling and analytical
procedures for chromium and aluminum were
carried out according to the NIOSH Analytical
Methods 7303 using ICP-MS (Agilent 7500 ce)
17).

All data was analyzed using SPSS for Windows
Version 21.0. Association of socio-demographic
background, prevalence of respiratory health and
allergy complaints and symptoms with exposure
used Chi-square test. Comparisons of personal air
concentrations for PM,, Al and Cr between the
two groups were analyzed using Mann-Whitney U
test. One-way ANOVA test was used to compare
the serum TIgE between the two groups. A Chi-
square test was also used to compare the preva-
lence between the normal and the high TIgE as
well as the prevalence of normal and obstructive
lung functions between both groups. Mixed de-
signhed ANOVA using GLM was used to compare
the lung function capacity in pre-shift and post-
shift between the exposed and unexposed group.
Both the one way ANOVA test and mixed design
ANOVA tests controlled for age, years of service,
gender, smoking status, any allergies, cough symp-
tom and morning cough with sputum. Statistical
analysis was considered significant at P values less
than 0.05.

Results

A total of 316 respondents who answered ques-
tionnaire in this study were made up of 166 ex-
posed workers and 150 unexposed workers. The
response rates of participation in personal air
sampling, personal blood sampling and lung func-
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tion tests were more than 85%. Completed infor-
mation available of all data for the exposed and
unexposed group was 153 and 132 respondents
respectively.

The study population had substantially different
characteristics in terms of ethnicity, gender, smok-
ing status and highest education level. This proba-
bly was due to the exposed group, who consisted
of 26.8% non-Malaysian workers. However, in the
unexposed group, 100% were Malaysian. In term
of gender, the exposed group consisted of more
male than the unexposed group, 55.6% and 26.5%
respectively. The exposed group also consisted of
higher prevalence of current smokers than the
unexposed group, 25.5% and 6.1% respectively.
The prevalence of non-smokers was significantly
lower in the exposed group (68.6%) compared
with the unexposed group (84.8%). The remains
were ex-smokers. The exposed group mainly
comprised secondary education (54.9%), none and
primary education (36.6%), and tertiary education
(8.5%). However, most of the workers in unex-
posed group had tertiary education (47%) and
secondary education (40.9%). Only 12.1% of
workers in unexposed group had primary educa-
tion. Table 1 shows that there was no significant
difference in the age, height, weight and year of
service were between the exposed and unexposed
group. However, the total overtime worked in a
week for exposed group (med = 32.0 hours) were
significantly higher than the unexposed group
(med = 8.0 hours).

The reported frequencies of cough and morning
cough with sputum were significantly higher
among the exposed group than the unexposed
group (Table 1). About 19.6% of the exposed
group had cough and 3.9% had morning cough
with sputum. The prevalence of reported food
allergy, cosmetic allergy and allergy to dust were
significantly higher among the unexposed group
than the exposed group. However, the exposed
group reported significantly higher in skin itchi-
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ness caused by metalworking fluids (10.5%) than
unexposed group (3.0%). Both groups had differ-
ent types of health complaints related to the work-
place. Substantially higher percentage of the re-
spondents from the exposed group reported wor-
ried of health effects caused by metalworking flu-
ids, forklift fumes or gas leaking (9.8%). Only
3.8% of the MWFs unexposed group reported
such worries. For the survey on health problem
caused by work environment, substantial differ-
ence in skin itchiness and redness problem caused
by metalworking fluids among the exposed group
were found (5.2%).

The lung function measurements (FEV,%, FVC%
and FEV,/FVC% ratio) depicted among exposed
group was not significantly lower than the unex-
posed group for both the pre and post-shift as-
sessments (Table 1). Based on the classification of
qualitative prediction in lung functions (FEV, and
FVC), this suggests that both the MWFE exposed
and unexposed group were not significantly dif-
ferent in qualitative classification of cross-shift
decrements in FEV, and FVC.

Personal air exposure of respirable particulates
(PM,,) was significantly higher among exposed
group who directly handled metalworking fluids.
The median 8-hours TWA, of respirable particu-
lates was 250.82ug/m’ for the exposed and
124.19ug/m’ for the unexposed group (P<0.001).
The variability in the ranked 8-hour TWA of res-
pirable particulates was quite strongly affected by
different groups of workers (» = -0.46). Concen-
tration of airborne aluminum (Al) for MWF ex-
posed group (med = 0.13 ug/m’) was significantly
lower than that of the unexposed group (med =
0.24 pg/m’)(P=0.027). However, the effect of size
on the TWA, of airborne aluminum concentration
by group was quite low (» = -0.13). Airborne con-
centration of chromium (Cr) for exposed group
(med = 0.10 pg/m’) did not differ significantly
with the unexposed group (med = 0.11 ug/m’).
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Table 1: Demographic characteristics, respiratory symptoms, allergies, health complaints and lung function among
the two groups.

Characteristics Exposed group Unexposed group r
(IN=153) (N=132)
n (%) n (%)

Demographic Characteristics
Age (years)! 36.0 (15.5) 35.0 (12.0) 0.226
Height (cm)! 160.0 (14.0) 158.0 (10.8) 0.301
Weight (kg)! 62.0 (15.0) 60.0 (18.0) 0.204
Year of Service (years)! 7.4 (12.8) 5.2 9.1) 0.239
Overtime hours worked per 32.0 (43.0) 8.0 (22.0) <0.001"

week (houts)!
Respiratory chronic symptoms

Cough 30 (19.6) 14 (10.6) 0.036"
Morning cough with sputum 6 (3.9 0 (0.0 0.021"
Phlegm 44 (28.8) 36 (27.3) 0.781
Chronic phlegm 5 (3.3) 6 (4.5) 0.577
Wheeze 15 9.8) 18 (13.6) 0.313
Wheezing with dyspnoea 15 9.8) 11 (8.3) 0.667
Grade 1 Dyspnoea 20 (13.1) 16 (12.1) 0.688
Grade 2 Dyspnoea 15 9.8) 8 6.1) 0.247
Allergy symptoms
Drugs 7 (4.6) 14 (10.6) 0.052
Foods 21 (13.7) 32 (24.2) 0.023"
Cosmestics? 1 0.7) 7 (5.3) 0.027*
Skin itchy caused by MWFs 16 (10.5) 4 (3.0 0.014"
Sinusitis/ throat itchy 4 (2.6) 3 2.3) 0.853
Dust 8 (5.2) 21 (15.9) 0.003
Other factors eg. hot weather, 7 (4.6) 10 (7.6) 0.286
animal furs, alcohol.
Type of worries during current work
Health effect caused by MWFs/ 15 9.8) 5 (3.8) 0.047*
forklift fumes/gas leaking
Health effect caused by physical 6 (3.9) 5 (3.8) 0.953
hazard/work stress
Fire caused by gas leaking! 0 (0.0 5 (3.8) 0.020"
Injury caused by materials/ 8 (5.2 11 (8.3) 0.295
machines/ forklift truck/ road to
work
Had health problem caused by current work
Respiratory problems (asthma, 7 (4.6) 1 0.8) 0.072
coughing) caused by MWFs?
Respiratory problems caused by 5 (3.3) 7 (5.3) 0.394
physical hazard
Skin itchiness and redness caused 8 (5.2 0 (0.0 0.008™
by MWFs?
Skin itchiness and redness caused 0 (0.0 2 (1.5) 0.214
by packaging material/gloves?
Work fatigue/Muscular pain 8 (5.2 4 (3.0 0.357
Lung function values, % predicted
Pre-shift FEV? 103.23 + 18.71 (100.25, 106.22) 105.45 + 18.46 (102.27, 108.63) 0.282
Post-shift FEV3 101.88 % 19.09 (98.83, 104.93) 102.79 + 18.53 (99.60, 105.98)
Pre-shift FVC? 93.94 £ 17.71 (91.11,96.77) 95.14 = 16.84 (92.24, 98.04) 0.234
Post-shift FVC? 91.33 £ 16.94 (88.62, 94.03) 92.32 £ 16.86 (89.41, 95.22)
Pre-shift FEV1/FVC? 1.10 £ 0.06 (1.09, 1.11) 1.11 £ 0.06 (1.10,1.12) 0.668
Post-shift FEV1/FVC? 1.12 + 0.06 (1.11,1.13) 1.12 £ 0.05 (1.11, 1.12)
Cross shift obstructive* 11 (7.2%) 17 (12.9%) 0.108
Cross shift obstructive’ 26 (17.0%) 19 (14.4%) 0.548

Chi Square Test: * significant at P<0.05; ™ significant at P<0.01

'Mann-Whitney U-test, Mdn (IQR): * significant at P<0.05; ™ significant at P<0.01;"" significant at P<0.001

2Fisher exact

3Repeated measure ANOVA, Mean = SD (95% CI) controlled for age, years of service, gender, smoking status, any
allergies, cough symptom and morning cough with sputum.

4Classification base on FEV;  5Classification base on FVC
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Serum TIgE concentrations showed a skewed dis-
tribution and hence it was transformed to the log-
arithmic scale. The mean log transformed for se-
rum TIgE was significantly higher among the ex-
posed group (4.76%£1.68 kU/L) than the unex-
posed group (4.13£1.48 kU/L) after adjusting for
confounders such as age, years of service, gender,
smoking status, allergies, cough symptom and
morning cough with sputum (P=0.024). The mean
serum TIgE concentrations was 402.87£722.97
kU/L for exposed and 166.724250.83 kU/L for
the unexposed groups respectively. The preva-
lence of high serum TIgE was substantially higher
for exposed group (54.3%) compared with unex-
posed group (36.9%)(P= 0.004).

Discussion

The job task for the manufacturing production at
the study location had been strictly fixed by its
company’s manufacturing principles. Only the
unexposed group, which consists of the man-
agement administrators, and quality control per-
sonnel had the freedom to enter to machining and
stamping production areas in order to carry out
their daily inspection, audit, data verification and
monitoring when necessary.

The MWFs exposed group reported statistically
higher frequencies of cough, morning cough with
sputum, and skin itchiness than the unexposed
group. The MWFs unexposed group had signifi-
cant higher TWA, of airborne aluminum con-
centration than the MWF exposed group because
their job tasks as warehouse and quality control
(QC) workers. They conducted stock keeping in
warehouse and delivery or the shipment of fin-
ished goods to customer, as well as received mate-
rials or parts from the coating contractors or raw
materials suppliers, carry out visual inspection on
coated or plated parts from coating contractors.
Aluminum which is the most abundant metal in
the earth crust made up most the office ceiling
whereas the production area this machining indus-
try, did not have aluminum ceiling. Office parti-
tioning used at the QC office, the store office and
Gas Cooker assembly line were made of alumi-
num component and glass. Cabinets and storage
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racks used at QC office and Gas Cooker assembly
line mainly made of stainless steel. According to
the manufacturetr’s MSDS, the stainless steel con-
sists of 0%-4% of aluminum (CAS No.7429-90-5).
The equipment used by the QC workers such as
Vernier caliper, dial caliper and inspection pin
were also made by stainless steel material. This
was in line with Jaakola & Jaakola (18) that there
were possible emission of aluminum from the
aluminum ceiling in the office environment. Other
possible aluminum emissions were from anti-
perspirant and transportation (19). Asthma and
allergies affected 6% and 20% of the 89 million
non-agricultural and non-industrial indoor work-
ers in USA respectively (20). Harmful pollutants
were potentially emitted from office equipment.
Destaillats et al. (20) reviewed and summarized
emission rates and/or ambient pollutant concen-
trations such as ozone, particles, volatile organic
compound (VOCs) and semi volatile organic
compounds (SVOCs) from office equipment. This
showed that the unexposed group was also ex-
posed to aluminum.

OSHA PEL for aluminum is 15 mg/m’ for total
dust and 5 mg/m3 for respirable fraction. For
chromium, the PEL is 1 mg/m’ (21). The
personal air sampling showed that the airborne
aluminum and chromium concentrations were
lower than the PEL for both the MWF exposed
and unexposed group. It was observed that the
company had practised a good 5§ cleanliness
system and promoted personal protective
equipments (PPE) program to the production
floor workers. Through the questionnaire and
factory walkthru inspection, it was observed that
most of the production worker (MWTF exposed
group) used hand glove, ear plug and apron.
However, only a minority of the production workers
used respiratory mask. Most of the maintenance
workers did not use PPE. The management should
continue to enforce the PPE program to all workers
to ensure the proper use and regular maintainance
of the PPE.

The exposed group workers in this machining in-
dustry were exposed to MWFE and metal dust dur-
ing the production processes such as machining,
grinding, tapping, stamping and others. This ex-
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posed group reported substantially higher preva-
lence of cough symptom and morning cough with
sputum than the unexposed group. They also re-
ported higher prevalence in respiratory problems
(asthma, coughing). There was a significantly
higher report from this group that their workplac-
es were not healthier than their home due to the
chemicals exposures. The results of lung function
capacity also showed that the MWF exposed
group had slightly lower predicted values for FVC,
FEV, and FEV,/FVC during pre and post-shift
but were not significant when compared to the
unexposed group after controlling for confound-
ers such as age, years of service, gender, smoking
status, any allergies, cough symptoms and morn-
ing cough with sputum. This was further support-
ed by a study in Finland (22) which showed low
risk of occupational asthma in machinists was due
to the difficulty in diagnosis.

Based on the COPD classification (15, 10), re-
spondents with FEV,/FVC ratio of less than 0.70
and FEV, of less than 80% of predicted values
were defined as having obstructive lung function.
Both groups reported FEV,/FVC ratio of greater
than 0.70, hence not able to classify the obstruc-
tive lung function base on the FEV, value. Re-
spondents with cross-shift changes in FVC = 11%
or cross-shift changes in FEV, = 13% was classi-
fied as having obstructive lung function (13). The
MWT exposed group was diagnosed with higher
prevalence of obstructive lung function based on
qualitative classification of cross-shift decrement
in FVC but lower prevalence of obstructive lung
function based on cross-shift decrement in FEV,.
However, these differences in prevalence were not
significant.

The contributions of MWFE onto exposed and un-
exposed group through the lung function tests
were difficult to distinguish. Based on the person-
al air sampling data, the unexposed group might
be exposed to other pollutants even though they
were not directly exposed to metalworking fluids.
Godderis et al. (23) findings on workers exposed
to rolling oils (emulsion or straight MWFs) re-
ported significant clinical dermatologic and respir-
atory health problems. Frequent throat and nose
itchiness were reported among the rolling mill op-
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erators. However, their lung functions were nor-
mal. Greaves et al. (8) also cited various studies
that showed no long-term lung functions impair-
ment among active machinists although there
were increased rates of cough and phlegm produc-
tions observed.

Contact dermatitis is a common occupational
health problem among metalworking machinists
(22). The MWF exposed and unexposed group
reported different allergic reactions. Many in the
exposed group reported skin itchiness and red-
ness. This was further supported by the mean se-
rum TIgE level which was significant higher for
the exposed group (4.76£1.68 kU/L) than the
unexposed group (4.13+1.48 kU/L) after adjust-
ing for age, years of service, gender, smoking sta-
tus, any allergies, cough symptom and morning
cough with sputum. Burrows et al. (24) was quot-
ed by Sunyer et al. (25) who reported that the
TIgE is a single best predictor of asthma although
total IgE has poor sensitivity and specificity for
clinical atopy. His study concluded a close rela-
tionship between asthma and TIgE even in a non-
atopic subject. Sunyer et al. (25) also proved that
asthma was associated with increased levels of
TIgE even in subjects who were negative to spe-
cific IgE in common aeroallergens. The exposed
group reported higher prevalence of ever had
asthma but not statistically significant as com-
pared to the unexposed group. Overall the MWEF
unexposed group reported significantly higher
rates of food, cosmetic and dust allergy. This ex-
posed group was also not reporting the allergic
conditions due to lower literacy although the
blood test results showed significantly higher se-
rum TIgE. Similarly, Lim et al. (26) found that
water-soluble MWF can induce inflammatory and
immunologic responses to the workers. He also
reported many workers exposed to straight oil
MWEF for years did not encounter overt clinical
effects but lipid pneumonia, hypersensitivity
pneumonia, attack of wheezing, asthma and other
chronic respiratory disease were found with re-
peated exposure to water-soluble MWE aerosols
(26). Findings from other study also showed the
high prevalence of rhinitis symptoms in auto-
motive industry workers could be closely related
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to occupational exposure to water soluble MWFs
which include of microbes and biological toxins

although the exposures to MWE aerosol were be-
low 0.5 mg/m3 @27).

Conclusions

This study found significantly higher prevalence
of serum TIgE, higher frequencies of daily and
morning cough with sputum associated with the
occupational exposure to MWF among the ex-
posed group. The findings also showed that there
were significant associations between the respira-
tory and allergy symptoms with different types of
MWF. This suggests that the company should
review its current administrative control such as
coolant management program and the engineering
control through the installation of local exhaust
ventilation to improve on the indoor air quality of
the plant production site.

Ethical considerations

Ethical clearance was obtained from the Medical
Research Ethics Committee, University Putra Ma-
laysia. Consent to carry out the study at the ma-
chining industry was obtained from the company
management and written consents were also ob-
tained from the respondents who participated in
the study.

Acknowledgements

We would like to express our gratitude to all re-
spondents who participated in this study. This
research study was supported by the EScience
Research Fund, Project No. 06-01-04-SF1203
from Ministy of Science, Technology and
Innovation (MOSTI), Malaysia. The authors de-
clare that there is no conflict of interest.

References

1. Bernstein DI, Lummus ZI, Santilli G, Siskosky

J,Betnstein IL (1995). Machine operatot's lung :

A hypersensitivity pneumonitis ~ disorder

Available at: http://ijph.tums.ac.ir

10.

11.

associated with exposure to metalworking fluid
acrosols. Chest, 108 (3): 636-641.

Lillienberg L, Burdort A, Mathiasson L,Thorneby
L (2008). Exposure to Metalworking Fluid
Aerosols and Determinants of Exposure. .Ann
Ocenp Hyg, 52 (7): 597-605.

Rosenman KD, Reilly MJ, Kalinowski D (1997).
Work-related  asthma  and  respiratory
symptoms among workers exposed to metal-
working fluids. Awz | Ind Med, 32 (4): 325-331.

Robins TG, Seixas N, Franzblau A, Abrams 1,
Minick S, Burge HA,Schork MA (1997). Acute
respiratory effects on workers exposed to
metalworking fluid aerosols in an automotive
transmission plant. .Aw | Ind Med, 31 (5): 510-
524.

Park D, Choi B, Kim S, Kwag H, Joo K Jeong ]
(2005). Exposure assessment to suggest the
cause of sinusitis developed in grinding
operations  utilizing soluble metatworking
fluids. | Oceup Health, 47 (7): 319-326.

Gupta A,Rosenman KD (2006). Hypersensitivity
pneumonitis due to metal working fluids:
Sporadic or under reported?. Az [ Ind Med, 49
(6): 423-433.

Robertson W, Robertson AS, Burge CB, Moore
VC, Jaakkola MS, Dawkins PA, Burd M,
Rawbone R, Gardner LKinoulty M (2007).
Clinical investigation of an outbreak of
alveolitis and asthma in a car engine
manufacturing plant. Thorax, 62 (11):981-990.

Greaves IA, Eisen EA, Smith TJ, Pothier LJ,
Kriebel D, Woskie SR, Kennedy SM, Shalat
S,Monson RR (1997). Respiratory health of
automobile workers exposed to metal-working
fluid aerosols: Respiratory symptoms. A | Ind
Med, 32 (5):450-459.

Lillienberg L, Andersson EM, Jarvholm B, Torén
K (2010). Respiratory Symptoms and
Exposure—Response  Relations in  Workers
exposed to Metalworking Fluid Aerosols. A |
Ind Med, 54 (4):403-411.

Kriebel D, Sama SR, Woskie S, Christiani DC,
Eisen EA, Hammond SK, Milton DK, Smith
M,Virji MA (1997). A field investigation of the
acute respiratory effects of metal working
fluids. 1. Effects of aerosol exposures. Az | Ind
Med, 31 (6):756-766.

Tolbert PE (1997). Oils and cancer. Cancer Canses
& Control, 8:386-405.

101


http://ijph.tums.ac.ir/

102

12.

13.

14.

15.

16.

17.

18.

19.

20.

Iranian J Publ Health, Vol. 43, Suppl. No.3, Oct 2014, pp. 94-102

ATS (1978) American Thoracic Society (ATS)
Adult Respiratory Questionnaire (ATS-DLD-
78). Recommended Respiratory Disease
Questionnaires for Use with Adults and
Children in Epidemiological Research,

Pellegrino R, Viegi G, Brusasco V, Crapo R,
Burgos F, Casaburi Rea, Coates A, Van der
Grinten C, Gustafsson P,Hankinson ] (2005).
Interpretative strategies for lung function tests.
Eur Respir ], 26 (5):948-968.

Singh R, Singh HJSirisinghe RG (1993).
Spirometric studies in Malaysians between 13
and 69 years of age. Med | Malaysia, 48 (2):175-
84.

CPG (Nov 2009) Clinical Practice Guidelines.
Management of chronic obstructive pulmo-
nary disease, 2nd Edition edn., Putrajaya,
Malaysia

GOLD (2006) Global Initiative for Chronic
Obstructive Lung Disease (GOLD). Global
strategies for the diagnosis, management, and
prevention of chronice obstructive lung
disease, Portland,Oregon

NIOSH (2003) NIOSH Manual of Analytical
Methods.  Elements by ICP  (Hot
Block/HCI/HNO3 Ashing): Method 7303,

Jaakkola MS,Jaakkola JJ (1999). Office equipment
and supplies: A modern occupational health
concern? Awm | Eppidemiol, 150 (11):1223-1228.

Winther MSlento E (2010). Heavy metal emissions
Jor  Danish  road  transport. ed. National
Environmental Research Institute, Aarhus
University.

Destaillats H, Maddalena RL, Singer BC,
Hodgson ATMcKone TE (2008). Indoor
pollutants emitted by office equipment: A

21.

22,

23.

24.

25.

26.

27.

review of reported data and information needs.
Atmos Environ, 42 (18):1371-1388.

OSHA (2006) OSHA Occupational Chemical
Database.

Suuronen K, Aalto-Korte K, Piipari R, Tuomi
TJolanki R (2007). Occupational dermatitis
and allergic respiratory diseases in Finnish
metalworking machinists. Oaup Med, 57
(5):277-283.

Goddertis L, Deschuyffeleer T, Roelandt H,
Veulemans H,Moens G (2008). Exposure to
metalworking fluids and respiratory and
dermatological complaints in a secondary
aluminum plant. Int Anh Ow Emy Hea, 81
(7):845-853.

Burtows B, Martinez FD, Halonen M, Barbee
RA,Cline MG (1989). Association of asthma
with serum IgE levels and skin-test reactivity
to allergens. New Eng/ | Med, 320 (5):271-277.

Sunyer ], Anto JM, Castellsague ], Sotiano
JB,Roca ] (1996). Total serum IgE is associated
with asthma independently of specific IgE
levels. The Spanish Group of the European
Study of Asthma. Eur Respir ], 9 (9):1880-4.

Lim C-H, Yu 1], Kim H-Y, Lee S-B, Marshak DR,
Lee JH,Kim KJ (2005). Effect of water-soluble
metal working fluid acrosols on respiratory
system after 13 weeks of repeated inhalation
exposure in F344 rats. Toxicol Ind Health, 21
(9):207-213.

Park D, Jin K-W, Koh D-H, Kim B-K, Kim K-
SPark D-Y (2008). Association between use
of synthetic metalworking fluid and risk of
developing rhinitis-related symptoms in an
automotive ring manufacturing plant. | Ocup
Health, 50:212-220.

Available at:

http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/

