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Abstract: Welding is one of the fundamental processes for metal joining in automotive industries and there is an
increasing concern over occupational lung disease among welder due to exposure towards welding fumes. A lung
disease questionnaire (ATS-DLD-78) was used to record the presence of respiratory symptoms among welders and
in assessing lung function assessment, FEV1, FVC and FEV1/FVC are considered for identifying the lung
condition; normal, obstructive or restrictive. The data were tabulated and subjected to logistic and multivariate
analyses. Meanwhile, in order to trace metal in welders’ body, this study utilized a non-invasive approach of
toenail as a biomarker. Lung functions decrement was established in linear regression for FEV1 and FEV1/FVC
respectively although not statistically significant. Analysis conducted revealed the presence of the following trace
elements concentration in ascending sequence: As < Al < Cu < Mn < Cr < Ni < Co < Fe (in the toenail) and Co <
Al < Cu < Ni < As < Cr < Fe < Mn (in the cassette), respectively. The results validated the postulation that toenail
metals composition shared a similar route of exposure with an anthropogenic source of activity. It is suggested a
longer follow-up study is required to assess individual effects on lung function systems and the incidence of
respiratory diseases among welders and this study indicates that toenail is a reliable biomarker of metal-workplace
pollution and suitable for acquiring chronological information of welding fumes exposure.
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1. Introduction

The local automotive industry has a positive
significant impact on Malaysian socio-economic and
despite current challenging economic scenario; it is
forecasted that growth will continue in 2017 with number
of employment in the automotive manufacturing to reach
27,000 personnel [1]. Apart from manufactured motor
vehicles, passenger automobiles and light trucks, this
sector also has partnered with the Army in assembles
heavy truck for military i.e. armoured vehicles. A number
of manpower is needed to cater to a variety of automotive
manufacturing process. Welding is one of the
fundamental processes for metal joining in automotive
industries and there is an increasing concern over
occupational lung disease among welder due to exposure
towards welding fumes notably in a body shop area
where the distance of worker is closed to the source [2].
This process is often allied with respiratory symptoms as

the fumes dispersed in air and inhalation is a common
route of exposure to a welder where the movement of
chest wall enables the expansion and shrinking of lung in
human breathing mechanism [3], [4]. Key factors that
affect the exposure towards welding fumes among welder
are listed as a type of welding process; base metal and
filler metals used; air movement; welding rod
composition; work practices of welder; application of
ventilation controls and location of weld-work take place
either in indoor or outdoor [5].

The issue of welding health-related effects has been a
controversial and much-disputed subject within the field
of occupational safety and health in automotive
industries. Aluminium, beryllium, cadmium oxides,
copper, chromium, iron oxide, lead, manganese, nickel,
molybdenum, zinc oxide and vanadium is a common
metal found in the welding fume [6]. Irritation of eye,
nose, throat, metal fume fever, nausea normally is related
to acute exposure while systemic effects occurred from
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chronic exposure results in respiratory effects including
decreased pulmonary function and occupational asthma
[7], [8], [9]. The discharge of welding fumes from this
anthropogenic activity into workplace surrounding air and
enter into the body via inhalation and accumulated in
various organs especially pulmonary systems had posed a
risk to welders health due to its toxicity and long-term
persistence. Welders at automotive industry have been
shown to suffer from respiratory symptoms either chronic
or welding related symptoms such as chest tightness,
phlegm, dyspnea, wheezing, coughing or other
respiratory symptoms whereas about half of welders
experienced at least three of systemic symptoms while
welding [10]. An assessment of heavy metals from
welding fumes among welders population needs to be
considered imperatively to evaluate the possible risk
before any corrective and preventive action can be
implemented. The evaluation of population exposure to
pollution can be done by implementing bio-indicator as
one of the tools. This biomarker able to deliver a current
of body burden due to the accumulation of welding fumes
either in recent or/and past occupational exposure.
Recently, there has been a growing interest among
researchers in respect of exploring human body samples
literally on the application of toenail to investigate the
heavy metals accumulation due to environmental
pollution and/or occupational settings [11], [12], [13].
There have been a few studies associated with welding
fume exposure in Malaysia. However, this study offers
some important insight into the workplace area selected is
beyond than normal practices as this is the only welding
workplace that has been conducted indoors with the room
is equipped with air-conditioner as Malaysian
temperature is influenced geographically by tropical
weather. The air-conditioner is installed in the welding
area to prevent the hot crack occurrence as the special
type of metal used is absolutely sensitive to hot
temperature and low humidity. Therefore, the aim of this
work is to study the prevalence of respiratory hazards and
changes in pulmonary function among automotive
industrial welders as well as to investigate the heavy
metal levels in automotive welder’s toenail, further
seeking to evaluate and understand correlation with a
number of parameters, incorporate to environmental
workplace heavy-metal pollution.

2. Method

2.1 Study Design and Setting

This pilot study was conducted at one of the plants at
Pekan Automotive Hub, Pahang, Malaysia in October
2016. There were 28 male welders working in air-
conditioned room participated in this study excluding
practical trainees and all the selected welders had
experienced at least more than one year experienced
handling metal inert gases (MIG) welding. Out of 28
welders, four workers have been selected for metal fumes
concentration study. All of the welders participated is
Malay and majority speaks Bahasa Malaysia with a
variety of dialect from East Coast of Malaysia. The
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company is involved in the manufacture, assembly,
supply, refurbishment or retrofitting of military and
commercial vehicles, equipment and spare parts. The
3600 m> of welding workspace area is equipped with
centralised air-conditioning system together with alarm
systems to alert premise occupants once the concentration
of dust or particulate matters upsurge. As the armoured
plate is sensitive to environmental factors, the operation
held in welding workspace is controlled in the range of
temperature between 25°C — 27°C with humidity range
around 60% RH in order to avoid any hydrogen crack.
These welders had normal working hours, thus, the
average exposure of workers to expose to contaminant
without adverse effect over an average work shift is in
8hr/day or 40hr/week. It is compulsory for the welder to
wear safety devices prior to entering to this workspace.
An epidemiologic respiratory-related questionnaire was
administered through a face-to-face interview before
proceed with lung function test. This interview — analysis
also considered on sociodemographic information,
smoking habit and past work experience in the chemical
hazardous environment. Body Mass Index (BMI, kg/m?)
was calculated based on height and weight measured
among participants. Two types of smoking habits were
categorised as never smoke and ever-smoker (current and
former smokers). A former smoker is those who had
smoked for at least one year but not during the last 12
months [14].

2.2 Respiratory Questionnaire

A lung disease questionnaire published by American
Thoracic Society and the Division of Lung Diseases
(ATS-DLD-78) was used to record the presence of
respiratory symptoms among welders in the investigated
plant. In overall, two main sections covered in the
questionnaire:  socio-demographic and  respiratory
problem. The socio-demographic information covered on
the characteristics of age, gender, height, weight, marital
status, race, education level, years of experience in
welding job scope, types of welding used in the current
and previous job and smoking habit included beerie
(locally made cigarettes without filter commonly smoked
in South East Asia) or hookah (local name for water-pipe
or also known as shisha). The questionnaire was
translated into Bahasa Malaysia (Malay language) and
back-translated into English by applying forward and
backwards translation respectively.

2.3 Measurement of Lung Function

A portable spirometer (Micro Medical DL, UK) was
used to perform pulmonary function test by connected the
handheld devices to spirometer software (Care Fusion,
California) on a computer. A spirometry was performed
with three acceptable spirograms in not more than eight
trial once the devices have been calibrated with 3L
calibration syringe and the procedures for recording
forced vital capacity follows according to American
Thoracic Society (ATS) and European Respiratory
Society (ERS) [15]. For safety reasons, sitting position



S.F.Z. Bakri et al., Int. J. of Integrated Engineering, Vol. 10 No. 5 (2018) p. 109-121

with a nose clip in an arm-chair without wheels is
preferable to avoid syncope [16]. In preparing the worker
for testing before conducting spirometry, the welders are
interviewed by a researcher to identify health conditions
that may prevent the welder from safely performing
maximal efforts in a spirometry test. In assessing of lung
function, FEV,, FVC and FEV,/FVC are vital in
identifying the conditions of lung either normal,
obstructive or restrictive lung patterns [17]. An airflow
obstruction may occur in references or predicted values as
the ratio of FEV, and FEV,/FVC is declined, and it is
analysed and suggest as restrictive patterns when there is
a reduction in lung volume, FVC or FEV/FVC increased
[18]. The measurement of lung function is suggested to
conduct before the shift started whereas no exposure to
welding fumes among welder on a working day [19]. The
data interpretation from spirometry devices is using an
established method that has been set based on predicted
lung study among Indonesian population from
Pneumobile Project Indonesia and the results are assessed
for quality assurance [20].

2.4 Sample Collection and Analysis

A personal air pump Gillian 5000 (Sensidyne, USA)
with three-piece sampling cassette (SKC Ltd, UK)
equipped with 37 mm 0.8 pm mixed cellulose ester
(MCE) filter and supporting media has been attached to
selected welders that represent welding points. The
personal air pumps were calibrated before and after
sampling by using TSI 4100 series pump calibrator (TSI
Incorporated, USA), and the pump air flow was set to 1.7
L/min flow rate. Cassette was attached within breathing
zone area, in front of the face with 20 to 30 cm diameter
from the nostrils. Meantime, a direct reading instrument
of Dustrak (TSI Incorporated, USA) and Indoor Air
Quality Meter 1Q-410 (Graywolf Sensing Solutions,
USA) are used for area monitoring to measure particulate
matter (PM10), velocity, relative humidity and
temperature. The instruments were located in the middle
of the selected assembly line and a direct measurement
during full working hours was done with one minute
interval time. This research applied toenail as a non-
invasive approach as it is easy to collect, and stored;
convenient and practicable; reliable data; expressed a
long-term exposure; more prevalent and preserved from
any exogenous exposure; and slow growth rate [21].
Toenail samples were collected from all 10 toes of each
subject by using stainless-steel nail clippers and stored in
small envelopes together with an indication of toenail
clipping date and staff identification code. Toenail
clippings were analysed by following a modified version
of Method 3050B, USEPA as described by Kile et al. [22]
and Sanders et al. [23] in the past research where the
samples then digested by an inductively coupled plasma
mass spectrometry (ICP-MS) at the Central Laboratory,
Universiti Malaysia Pahang. Thirteen elements were
assessed: Be, Al, Cr, Mn, Fe, Co, Ni, Cu, As, Mo, Ag,
Cd, and Pb.

2.5 Ethical Consideration

Study approval was taken from a research ethics
review committee of International Islamic University
Malaysia, Pahang, Malaysia (Ref. ID: IREC 850). Verbal
and written informed consent was taken from the
participants.

2.6 Statistical Analysis

Data obtained from the questionnaire were entered
into Epi Info™ 7 provided by Centers for Disease Control
and Prevention (CDC) and analysed using IBM SPSS
Statistics version 23.0 for windows. Descriptive statistics
were calculated for socio-demographic variables, lung
volumes and respiratory symptoms. An analysis of total
welding year, smoking status and current welding year in
the automotive plant as predictor variables is run through
binary logistic regression with the assumption of a cough,
phlegm, wheeze and short breath as continuous variables.
Despite, a logistic regression is then performed by
entering predicted the percentage of lung volumes as
dichotomous variables (FEV; and FVC with a value of
>80% vs <80%; FEV/FVC <70% vs >70%) to determine
the crude odd ratio for respiratory symptoms. In
determining the association of percentage predicted lung
volumes with respiratory symptoms, a further study of
Multiple Linear Regression (MLR) analysis is performed
separately for FEV,;, FVC and FEV,/FVC ratio. This
assessment also takes into considerations of obstructive
and restrictive lung patterns. Assessment of heavy metals
concentration was calculated for arithmetic mean (AM),
standard error (SE), standard deviation (SD), median,
maximum, minimum, skewness and kurtosis values in
order to represent the data in a readable and worthwhile
form. The data was subjected and holds true with testing
assumptions of normal distribution and covariance, thus
Pearson correlation is employed for the relationship and
association existed in the heavy metal measured [24]. A
significant p-value was considered when it less than 0.05
(p <0.05, 95% Confidence Interval).

3. Results and Discussion

Frequencies of socio-demographic, welding types,
welding years of experienced and lung function of
welders’ age in range 20 to 40 years are shown in Table
1. All participants are Malay and almost 75% of the
participant is ever-smokers (current and ex-smoker)
whilst 25% never smoke. From the questionnaire, it is
recorded that in current workplace, all of the welders had
used GMAW followed by 10.7% of welders applied
SMAW and GTAW at the same work unit. The welding
years at the company are varied among welder with
maximum recorded is 13 years work experience as a
welder in this organisation. Generally, 17 welders
(60.7%) in this company had previous experience in
handling GMAW compared to SMAW, GTAW and
FCAW with 42.9%, 21.4% and 10.7%, respectively.
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Table 1: Socio-demographic, welding of exposure and lung function of the automotive male welders in the automotive

industry.

Variable Welder Variable Mean

n (%) (#SD)
Below 29 years old 18 (64.3) Height (m) 1.69 (£0.05)
30 — 39 years old 9(32.1) Weight (kg) 75.91 (£19.35)
Above 40 years old 1(3.6) Welding year (previous job) 2.80 (£3.38)
Secondary education 15 (53.6) Welding year (current job) 3.53 (£3.14)
Tertiary education 13 (46.4) % Predicted spirometric lung volumes in millimetres

(N =28)

Single 14 (50.0) FEV,? 86.71 (£12.75)
Married 14 (50.0) FvC’ 83.39 (+12.62)
Smoking Habit' FEV,/[FVC 88.29 (+8.18)
Never smoke 7 (25.0) Lung Age (years) 38.86 (£15.08)
Former smoker 1(3.6)
Current smoker 20 (71.4)

Types of welding used in the previous job

SMAW 12 (42.9)
GMAW 17 (60.7)
GTAW 6(21.4)
FCAW 3(10.7)
Types of welding used in the current job
SMAW 3(10.7)
GMAW 28 (100.0)
GTAW 3(10.7)
FCAW 0 (0.0)

Note:

1. Smoking status defines as never, ever and former smoker of tobacco smoke, pipe smoke, cigars, shisha, beerie.

2. Forced expiratory volume in 1 second.
3. Forced vital capacity.

Phlegm is reported as a predominant type of
respiratory complaint with 21.4% followed by a cough
(17.9%) and 14.3% was recorded for both shortness of
breath and wheeze. The frequency of self-claimed and
physician-diagnosed disease of bronchitis, pneumonia,
chronic bronchitis, emphysema and asthma is shown in
Table 2. There are no sign of bronchitis, pneumonia,
chronic bronchitis were reported by the welders either
self-reported or physician diagnose by medical doctors.
The frequency of lung function patterns presents 60.71%
of welders had a normal lung function followed by
obstructive and restrictive with 3.57% and 35.71%,
respectively. There exists statistically significant
difference for a cough (¥2(3) = 10.59, p < 0.05) than
phlegm, wheeze and short breath symptoms by applying
logistic regression model as shown in Table 3. The model
explained Nagelkerke R2 of the variance of a 51.7%
cough, 24.6% phlegm, 31.7% wheeze and 42.8% short
breath with correctly classified 89.3% (a cough), 82.1%
(phlegm), 92.9% (wheeze and short breath) for the case,
respectively.

The full model containing all predictors for a total
years welding, smoking status and current welding years
in this investigated automotive plant, Pekan as in Table 3
indicating that the model was able to distinguish between
respondents who reported and did not report on the
existence of a cough, phlegm, wheeze and short breath.
Direct logistic regression was performed in assessing the
influence of a number of factors that respondents would
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report that they had a problem with their respiratory
systems. The model contained three dependent variables
(FEV,, FVC and FEV/FVC). The full model containing
all predictors for a cough, phlegm, wheeze and short
breathe as in Table 3 indicating that the model was able
to distinguish between respondents who reported and did
not report on the existence of the respiratory problem. In
univariate logistic regression, as shown in Table 3, there
is no significant decrement of FEV,, FVC and
FEV,/FVC. However, the strongest predictor of FEV|,
FVC and FEV|/FVC was a cough and phlegm by
recording an odds ratio of 6.62, 4.27 and 0.04
respectively. This indicated that respondents who had
FEV; (> 80%) had 6 times likely for a cough; FVC (>
80%) had 4 times likely to have phlegm than those who
had FEV, and FVC less than 80%. The odds ratio of 0.04
for FEV/FVC was less than 1, indicating that for any
value capture on the increasing prediction percentage
more than 70% were 0.04 times less likely to report
having a cough, controlling for other factors in the model.
As this case study is focused on the small sample and has
a small subject per variable, the adjusted R-square is
preferred rather than the conventional R- square value for
quantifying the proportion of variance explained by the
model [25]. Adjusted R square (R2adj) and ANOVA (p)
for respiratory symptoms and percentage predicted lung
volumes for FEV; (R2adj = 0.09; p = 0.20); FVC (R2ad;j
=-0.05; p=0.63); FEV,/FVC (R2adj = 0.17; p = 0.09).
Apart from that, Analysis of Variance (ANOVA) shows
no significant values of independent variables and
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percentage prediction lung volumes with evaluated p-
value more than 0.05 (p > 0.05). The comparing of the

contribution of each independent variable is tabulated in
Table 4.

Table 2: Frequency of respiratory symptoms, asthma and lung function among welder population in Pekan Automotive

plant, Malaysia.

Prevalence of respiratory symptoms (Total sample N = 28) n (%)
Cough’ 5 17.9
Phlegm’ 6 21.4
Shortness of breath® 4 14.3
Wheeze' 4 14.3
Self-reported emphysema 1 3.6

Physician diagnose emphysema 1 3.6

Self-reported asthma 4 143
Physician diagnose asthma 3 10.7
The frequency of lung function patterns (Total sample N = 28)

Normal® 17 60.71
Obstructive’ 1 3.57
Restrictive'’ 10 35.71

Note:

4. A chronic cough defined as a cough on most days of the month, for 3 consecutive months or more in a year.
5. Chronic phlegm defined as the presence of phlegm for 3 consecutive months in 2 consecutive years.
6. Participants were asked: do you have to walk slower than people of your age on the level because of breathlessness?

7. Wheeze defined as whistling sound heard on expiration within two years.
8. Defined as having FVC normal; FEV1 normal; FEV1/FVC > 70% @ > 0.7.

9. Defined as having FEV1 decreased; FVC decreased or normal; FEV1/FVC < 70% @ < 0.7.
10. Defined as having FEV1 decreased or normal; FVC decreased; FEV1/FVC >70% @ > 0.7.

The highest value recorded for beta standardise
coefficient of FEV,, FVC and FEV,/FVC are wheeze
(0.40), short breath (0.25) and wheeze (0.56),
respectively. The highest value recorded (by ignoring any
negative signs out the front) interpreted that wheeze
makes the strongest unique contribution to explaining
FEV, and FEV,/FVC whilst short breath makes the
strongest contribution for FVC. This is due to fewer
values of beta indicate a less of a unique contribution. A
lung functions decrement was found in linear regression
for both FEV, and FEV|/FVC except on FVC but not
statistically significant (p > 0.05). This study is
considered as one of the pioneering research on the
application of respiratory questionnaire ATS-DLD-78A
in a local language (Bahasa Malaysia) among automotive
welders in Malaysia. The forced expiratory volume in 1s
(FEV,), forced vital capacity (FVC), FEV/FVC, and
expiratory flow rates in 28 welders were investigated.
This research also exercised on the current exposure to
respirable particles, working conditions and protective
measures at current and former workplaces. In contrast to
earlier findings, however, no evidence of the correlation
between respiratory symptoms and lung function test is
found. Surprisingly, from an overall research study, the
respiratory symptoms of a cough, phlegm, wheeze and
short breath are not statistically significant (P>0.05) with
the decrement of lung function volumes (FEV;, FVC and
FEV/FVC). The findings are not aligned as the study is
focused on a small sample size than the previous study
with sample N=200 [26]. Despite there are less
significant shows in the model, still, in the logistic
regression, shows that a cough and phlegm as the
strongest predictors of FEV, and FEV,/FVC. Previous
research has indicated that a cough and phlegm indicators

have a positive impact on obstructive lung patterns [27].
In contrast to Hasnain et al., the result from this study is
in the same vein as previous researchers that have found a
major restrictive lung pattern among welders than
obstructive disorder [28], [29], [30].

A specific occupational exposure to vapours, gases,
dust and fumes may interfere the worker's respiratory
systems but however, in this pilot study, the symptoms
identified by questionnaires is not successfully predicted
the impaired lung function which was verified by
spirometry [31]. The main factors that contribute to the
less precision and statistical insignificance of results
obtained are the size of the study population which in this
research the scope of the sample is small (N=28). Skelly
(2011) have been identified sample size as one of the
inter-related factors of statistical significance by which
the larger the sample sizes, the likely the statistical
significance is to be seen and enhanced due to random
error and variability are decrease [32]. In this case,
welding gases cause restriction while smoking may cause
obstruction. It is clear that the lung decrements among
welders are influenced by welding fumes as 35.71% of
welders identified to have the restrictive disorder. In this
study, the prevalence of physician-diagnosed and self-
reported respiratory illness is observed and recorded for
bronchitis, pneumonia, chronic bronchitis, emphysema
and asthma. There are none of the respondents claimed to
have respiratory problems associated with bronchitis,
pneumonia and chronic bronchitis. The prevalence
recorded for physician-diagnosed and self-reported is
only applicable for emphysema with 3.6% for both
diagnosed, and asthma as 10.7% and 14.3% respectively.
In an analysis of global asthma prevalence in adults, To et
al., (2012) noted that doctor-diagnosed asthma, clinical
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asthma and wheezing symptoms in Malaysia is 5.21%,
5.51% and 7.55%, respectively [33]. However, there is a
paucity of representative data regarding the prevalence of
emphysema in Malaysia. In this study, the selected
population was exposed to welding fumes from
occupational settings and there is a large volume of

published studies describing the role of prolonged
exposure to chemical constituents of welding fumes is
being increasingly recognised to affect the lung function
[14],[20],[34].

Table 3: Logistic regression analysis of respiratory symptoms with predictor variables and spirometric lung function

patterns among welders at Pekan Automotive Hub, Malaysia.

Respiratory Crude OR Respiratory Crude OR

. symptoms with
symptoms with p . q p
predictor variable. (95.0% CI) sperTnetrlc lung (55.0% CI)

function patterns

A cough % Predicted FEV; volume
Total welding years 1.43(0.73 —2.81) 0.300 Cough 6.62 (0.45 —97.35) 0.170
Smoking status 5.12E+11 (0.00) 0.990 Phlegm 1.98 (0.17 — 23.36) 0.590
Welding years 0.28 (0.05-1.55)  0.150 Wheeze 2.90(0.12-67.70) 0510
(current)
Phlegm Short Breath - 1.000
Total welding years 0.97 (0.71 — 1.36) 0.930 % Predicted FVC volume
Smoking status 9.36E+8 (0.00) 0.990 Cough 2.97 (0.22 — 39.55) 0.410
Welding years 0.86 (0.47 — 1.58) 0.630 Phlegm 4.27 (0.36 — 50.68) 0.250
(current)
Wheeze Wheeze 2.17 (0.13 — 36.15) 0.590
Total welding years 1.16 (0.80 — 1.68) 0.430 Short Breath 0.07 (0.00 — 3.05) 0.170
Smoking status 0.32 (0.02 -4.24) 0.390 % Predicted FEV/FVC volume
Welding years 0.61 (0.33-1.13) 0.120 Cough 0.04 (0.00) 1.000
(current)
Short Breath Phlegm 1.63E+15 (0.00) 1.000
Total welding years 1.29 (0.83 — 2.00) 0.230 Wheeze 3.17E+15 (0.00) 1.000
Smoking status 4.85(0.04 -610.01) 0.520 Short Breath - 1.000
Welding years 0.47 (0.21 - 1.02) 0.060
(current)

A further research is warranted to explore such
associations and this study was not powered to detect the
risk factors associated with respiratory symptoms due to
limited sample size. A few limitations of this study need
to be considered as it is difficult to establish a causal
association between deterioration of lung function and
respiratory symptoms due to its nature cross-sectional
study. Even though this was a small sample size pilot
study, the consistency of lung volume decrement,
especially on FEV, and FEV,/FVC, may provide the
baseline for further research on welding exposure at
automotive industries. As a preliminary research, the
validity of ATS respiratory questionnaire is proposed to
be used and to compare with the spirometric patterns in a
large sample size since spirometry able to identify
impaired lung function among welders although the
respondents did not have manifest the symptoms in the
respiratory questionnaire.

From the results findings, there is low (zero per
cent) of sensitivity recorded and positive predictive value
compared to high readings of specificity and negative
predictive values for all symptoms as in the ATS
questionnaire. This indicates the consistency of research
findings with the previous study that reported the low
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sensitivity and high specificity [26], [35]. The results of a
physical environmental parameter of velocity, humidity,
temperature and dust (PM10) from area monitoring of
four workstations are tabulated in Table 5. The
temperature and relative humidity in working area are
maintained in range 26 °C to 27 °C with humidity range
63%RH to 67%RH respectively to preserve the body-in-
white of armour vehicles from the hot crack. The results
of dust found in all welding point show a small range
with a maximum mean of dust recorded is during the
evening.

Apart from that, the result obtained from a
measurement of personal sampling that has been attached
to workers with the sampling head within the breathing
zone is shown in Table 6. The concentration of selected
metal from four different welding points had shown that
all concentrations except aluminium had exceeded the
safe level allowed by USECHH Regulations 2000. This
suggests an immediate attention need to reduce the
concentration of metal fumes and respirable dust through
the hierarchy of control specifically in engineering
control for adequate ventilation in the welding room as
the welding activities are performed in indoor air
building.
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Table 4: Multiple Linear Regression analysis of respiratory symptoms with percentage predicted lung volumes among

welders at Pekan Automotive Hub, Malaysia.

% Predicted FEV; volume
Cough

Phlegm

Wheeze

Short Breath

% Predicted FVC volume
Cough

Phlegm

Wheeze

Short Breath

% Predicted FEV/FVC volume
Cough

Phlegm

Wheeze

Short Breath

Beta Coefficient (95.0% CI) P
0.02 (-13.84 - 15.14) 0.930
0.20 (-7.45-19.47) 0.370
0.40 (-0.99 —29.92) 0.070
-0.39 (-29.80 - 2.09) 0.090
0.13 (-11.15-19.69) 0.570
0.22 (-7.82 -20.82) 0.360
0.11 (-12.54 -20.35) 0.630
-0.25 (-25.70 — 8.24) 0.300
-0.12 (-11.49 - 6.31) 0.550
-0.06 (-9.44 —7.09) 0.770

0.56 (3.47 —22.45) 0.010
-0.25 (-15.54 —4.05) 0.240

The overall statistics for heavy metal concentrations
in the analysed toenail samples are shown in Table 7. Out
of 13 heavy metals targeted, a total of 8 metals were
detected in both toenail specimens and cassettes from
personal air sampling that were analysed by ICP-MS. In
the analysed samples, there is no Be, Mo, Ag, Cd and Pb
were detected in both samples, while the other metals
show concentration in the following order: As < Al < Cu
< Mn < Cr < Ni < Co < Fe (in the toenail) and Co < Al <
Cu < Ni < As < Cr < Fe < Mn (in the cassette)
respectively. The heavy metals in toenail samples show a
broad range of concentrations and this is shown in large
standard deviations and significant difference between the
minimum and maximum values in Table 7.

Table 5: Physical environmental reading from workplace
monitoring.

Environmental Meankyalie

9.00 11.00 2.00 4.00

Parameter

am am pm pm
Velocity (m/s) 0.07 0.96 0.48 0.40
Temperature 26.63 2697 27.32 27.80
(°C)
Humidity 67.36 65.32 6338 65.25
(%RH)
PM10 (mg/m") 6.93 7.39 7.10  7.48

Table 6: Comparison of metal concentration found in cassette samples with Use and Standards of Exposure of
Chemicals Hazardous to Health (USECHH) Regulations 2000 at four different breathing zones.

Trace metal Welding Point Mean Concentration (mg/m’) PEL USECHH Re%ulations
A B C D 2000 (mg/m’)
Al 1.655 1.028 1.324 1.545 5.00
Cr 220.106 158.434 15.737 12.547 0.50
Mn 920.577 5072.946 2316.609 2121.348 0.20
Fe 3719.117 755.107 1792.522 1393.042 5.00
Co 0.127 BDL BDL BDL 0.10
Ni 98.662 59.293 39.849 27.366 1.50
Cu 31.448 18.453 6.498 3.899 0.20
As 296.624 18.079 0.422 0.042 0.01

Notes: Abbreviation: PEL: Permissible Exposure Limits; BDL: below the detection limit (less than 0.5ppb)

In the present study, the greatest concentration of
seven out of eight heavy metals traced in welders toenail
was found and had recorded the highest value of
aluminium, chromium, manganese, iron, nickel, copper

and arsenic in the active smoker of 26-year-old welder
that have 7 years working experience as welders in
automotive industries with concentration recorded of

47.40 pg/g (Al), 58.20 pg/g (Cr), 65.60 ug/g (Mn),
2102.90 pg/g (Fe), 55.20 pg/g (Ni), 26.10 pg/g (Cu) and
0.582 png/g (As) respectively. Generally, the
concentration of aluminium, iron, cobalt, nickel and
copper were found higher in welder’s toenail than in
cassette. The studies presented thus far provide evidence
that arsenic is emitted from welding activities [36], [37].
It has been suggested that the presence of arsenic in

*Corresponding author: farhana@dhu.edu.my
2018 UTHM Publisher. All right reserved.
penerbit.uthm.edu.my/ojs/index.php/ijie
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workers body is also dependent on seafood intake
especially marine fish and smoking habit [38]. Mok et al.
[39] found that the level of arsenic in Malaysia
aquaculture food product was elevated but the level of
contaminants has not exceeded the level set by the Joint
FAO/WHO Expert Committee on Food Additives
(JECFA). In 2005, a few researchers have reported that
toenail arsenic is significantly higher among individuals

that consume drinking water especially from a tube well
and/or groundwater that known to have a high
concentration of arsenic [40], [41]. A various health
problem may burden workers from a chronic exposure to
arsenic such as bladder cancer, renal disease, skin, lung,
and liver [42], [43].

Table 7: Summary statistics of heavy metal concentration in welder’s toenail specimen (ug/g).

Heavy metal AM SE SD Med Min Max Skewness Kurtosis
AlToenail 17.575 10.310  20.620  10.750 1.40 47.40 1.599 2.602
Crroenail 19.896 19.155  33.177 1.30 0.188 58.20 1.730 -
Mnitoenail 18.323 15.813  31.626  3.750 0.192 65.60 1.960 3.858
Fetoenail 2102.9 - - 21029 21029 21029 - -
COroenail 46.70 - - 46.70 46.70 46.70 - -
Nitoenail 21.733 16.961  29.378 9.80 0.20 55.20 1.526 -
ClUroenail 13.221 12.879 18.214 13.221 0.342 26.10 - -
ASToenail 0.582 - - 0.582 0.582 0.582 - -

Notes: Abbreviation: AM: Arithmetic mean, SE: Standard Error of Mean, SD: Standard Deviation

Table 8: Correlation matrix for welder’s toenail samples giving values of Pearson correlation coefficients for pairs of

heavy metals.

Al Cr Mn Fe Co Ni Cu As
Al 1
Cr 0.986 1
Mn 0.982* 0.999* 1
Fe b b b 1
Co b b b b 1
Ni 0.940 0.984 0.973 b b 1
Cu 1.00** 1.00** 1.00** b b 1.00%* 1
As b b b b b b b 1

Notes:* Correlation is significant at the 0.05 level (2-tailed),
the variables is constant.

Chromium hexavalent compounds (Cr VI) are
known carcinogens and the study on the emission of
welding fumes that contained this metal had shown that
this metal accumulated in welder’s lung and may promote
to lung tumours [44], [45]. The lowest concentration
(0.399 mg/m3) was found in the active smoker of a 40-
year-old male who has worked for 19 years as a welder in
the automotive body shop area. An occupational exposure
to chromium to the worker is recognised to cause a multi-
organ damage including asthma, kidney problems,
respiratory and pulmonary disease [46]. The existence of
toxical manganese (Mn) in welding fumes play the main
role for the neuro-behaviour disorder as the brain is the
target organ of manganese toxicity and the inhalation
exposure of airborne manganese is common among
welders [47], [48]. Some of the researchers identified
manganese as neurotoxic metal [13]. The previous study
in China had revealed a significant correlation on
exposure dosage of welding rod with manganese level
found among welders [49]. The concentration of
manganese in the studied toenail was found to be higher
with the reported values of manganese in welders toenail
by Hassani et al. [13] with a mean of 3.08 pg/g.
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**: Correlation is significant at the 0.01 level (2-tailed) and b: Cannot be computed because at least one of

Meanwhile, Laohaudomchok et al. [50] reported
manganese concentration in welders to toenail in the
range of 0.05 to 10.41 pg/g, being lower with the finding
range of this study. Apart from the fact that the
manganese was mostly emitted through welding and
various occupational setting, the manganese also can be
found in surface soil, groundwater, drinking water, and
the accumulation of this metal in terrestrial and aquatic
food chain had exposed the elevated of manganese
concentration in the human body including in toenail
[12], [51], [52]. A chronic effect from a prolonged
exposure to manganese toxicity specifically through the
industrial common route of exposure (inhalation) may
potentially lead to mental disorder and neurotoxicity
issues that mainly relates to the damage of central
nervous system.

The trace metal of aluminium found in welders
toenail sample show moderate quantities where the
lowest concentration of aluminium (1.40 pg/g) was found
in an ever-smoker young male age 23-year-old with three
years of welding experience in the industry. In 1978,
Chen et al. [53] published a case study paper in which
they described a pulmonary granulomatosis that
associates with inhalation of aluminium dust in the 31-
year-old white male. As noted by Polizzi et al. [54] a
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submicron-sized of suspended aluminium particles
generated by welding activities tend to accumulate in the
lungs and is easily penetrate into alveoli through
inhalation due to its fine particles. This mechanism had
triggered the most respiratory problems among welders
other than neurological symptoms such as Alzheimer

[55]. Data from the previous source also had identified
the existence of aluminium was associated with the
problem on reproductive systems as this element is one of
the most abundant metal in the world [56], [57].

Table 9: Pearson correlation matrix of welder’s toenail sample (pg/g) and heavy metals captured in the cassette

(mg/m3).
Cassette (mg/m”)
Al Cr Mn Fe Co Ni Cu As
Al -0.078 -0.322 -0.207 0.153 b -0.092 -0.203 -0.115
= Cr -0.015 -0.951 -0.202 -0.154 b -0.743 -0.845 -0.531
En Mn -0.114 -0.490 -0.159 0.013 b -0.277 -0.383 -0.281
= Fe b b b b b b b b
'g Co b b b b b b b b
2 Ni -0.195 -0.991 -0.023 -0.329 b -0.851 -0.927 -0.675
= Cu 1.00%* -1.00%* -1.00%** 1.00%* b -1.00%* -1.00%* -1.00%**
As b b b b b b b b

Notes:*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 levels (2-tailed) and b: Cannot be computed because at least one of the

variables is constant.

A strong evidence of nickel was found in this study
with minimum concentration recorded in toenail is 0.20
pg/g in 38-years-old male welder who never smoke and
had 10 years of welding experience in the automotive
industry. In an analysis of metal fumes from welding
exposure, Grashow et al. [58] found the element of nickel
is the highest concentration in toenail samples compared
to lead, manganese, cadmium and arsenic with detection
limit recorded is 0.019 pg/g. Meanwhile, Wong et al. [59]
had reported that the mean concentration of nickel in
welder’s toenail is 8.14 pg/g, which is slightly lower than
this study. Same as the other fine and ultrafine metal
fumes such as manganese and chromium, the emission of
nickel from welding activities is also known to be toxic
[60]. A prolonged exposure to nickel may damage liver
and heart, problems in the respiratory tract, decreased
weight and cause skin irritation, physiological
interference as well as cardiovascular disease [61], [62],
[63], [64]. Previous research has indicated that lung and
kidney have been identified as the main target organ of
nickel accumulation [65].

In the studied toenail, iron (Fe) existed practically in
one sample with concentration recorded is 2102.90 pg/g
obtained from an active smoker welder. The
concentration of iron in this analysed toenail samples was
higher than Nigerian male iron welder’s toenail sample
with a range concentration is 27.43 ng/g to 45.00 pg/g.
Even though iron is one of the essential metals in life, the
toxicological consideration is crucial especially in the
case of iron overloaded. Accumulation of iron in the
lungs may localize the occurrence of siderosis, silicosis,
lung tissue damage, cancer, benign pneumoconiosis and
decrement of lung function as well as other serious
adverse health effects to liver, heart, immune systems
since the chronic iron toxicity is a common problem in
adults [66], [67]. Among the toenail specimen, the
concentration of copper (Cu) was traced in two
respondents in age 26 and 40 years old and both are an

active smoker with at least seven years of industrial
welding experience. This result is slightly higher than the
copper recorded in welders toenail with a range of
concentration between 1.66 pg/g to 4.00 pg/g [61].
Concurrently, the concentration of cobalt (Co) is only
traced to non-smoker welder who had worked for almost
two decades as a welder. According to the Public Health
Statement for Cobalt released by Agency for Toxic
Substances and Disease Registry (ATSDR), the exposure
of human and animals to cobalt found in environment is
basically not harmful, however, if the level of element
taken into human body is exceed the levels, it may
contribute to harmful health effects such as asthma,
pneumonia, skin rashes, wheezing and so forth [68].

Apparently, there is no value recorded for beryllium
(Be), molybdenum (Mo), silver (Ag), cadmium (Cd) and
lead (Pb) in both toenail and cassette samples as the
traced metal is below the detection limit of analysis
(below 0.5 ppb). The association degree and linear
relationship of a metal traced element in welder’s toenail
specimen were measured by means of Pearson’s
correlation analysis and the results are presented in Table
8. This statistical evidence had suggested that the
existence of metals in the toenail had a similar
anthropogenic source of activity and there are strong
significant correlations of toenail metal concentration
with one another, with the exception of arsenic, iron and
cobalt. Conversely, in observing the association on heavy
metals found in toenail with the samples from personal
monitoring, the results as in Table 9 had shown a very
weak negative correlation which indicates that the
anthropogenic source of origin of metal in toenail does
not correlate with the workplace welding fumes emission
and this might due to antagonism of pairing metals
absorption in welders toenail.

4. Conclusions

Lung functions decrement was established in linear
regression for FEV| and FEV,/FVC respectively although
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not statistically significant. It is suggested that a longer
follow-up study is required to better assess the individual
effects on lung function systems and the incidence of
respiratory diseases among welders. It shows that the
used of respiratory questionnaires (ATS-DLD-78A) is an
effective tool in the diagnosis of respiratory symptoms
among welders as these symptoms are one of the
dominant predictors of obstructive and restrictive lung
function independent of welding exposure (year) and risk
of smoking. Despite, the findings also show that workers
exposed to welding fumes had exceeded the threshold
regulatory limits set by Department of Occupational
Safety and Health (DOSH), Malaysia for all traced metal
fumes apart from aluminium. This study had revealed a
strong correlation (p < 0.05) between chromium,
manganese, nickel, copper and aluminium in toenails and
this suggests that toenail metals shared similar exposure
route of the anthropogenic source of activity. This study
validated that toenail is a reliable biomarker of metal-
workplace pollution and suitable for acquiring
chronological information of welding fumes exposure.
Despite the fact that there is a limitation in this study due
to a small number of respondents, this research
highlighted several courses of action and approach
needed to tackle the issue of welding fumes exposure
towards welders. Therefore, further research with larger
sample size for better representation would be of great
help for a more conducive work environment especially
related to safety and health aspects in line with the rapid
growth of automotive sectors in Pahang, Malaysia.
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