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Abstract

The process of welding can lead to several ocu-
lar disorders when adequate protective precautions
are not taken. There is a possibility that welders in
the Limpopo Province of South Africa are not tak-
ing adequate precautions due to lack of knowledge
on the adverse effects of welding. Good vision is
also important for effective and injury-free weld-
ing. This study therefore screened welders in the
Capricorn district of the Limpopo Province for
oculo-visual disorders. Case history established
visual symptoms among the welders and ophthal-
mic tests such as visual acuity (VA) measurement,
pinhole, ophthalmoscopy, external assessment of
the adnexa and Amsler grid were used to determine
their oculo-visual status. One hundred and fifty
welders were included in the study and their ages
ranged from 18 to 65 years with a mean of 39 +
14.9 years. Reduced distance vision was reported

by 32% of the welders, 14% reported reduced vi-
sion at near; 43% reported double vision and 11%
reported colour vision anomaly. Forty seven per-
cent of the welders had VA less than 6/6 at distance
and 8% could only read 1M or larger print at near.
Following the pinhole test, there was no improve-
ment in 7% of the welders who had VA less than
6/6, indicating a possibility of pathological condi-
tions. Amsler grid showed that 6% of the welders
had possible macular disorders. Ophthalmoscopy
and external observations revealed that 7% of the
welders had cup disc ratio (H/V) of more than
0.6/0.5, Fourteen percentage (14%) had pterygia
and 5% had pinguecula. The study established that,
although many of the welders had normal oculo-
visual status, there were a few with ocular disorders
which warrant further assessment and management
by eye care professionals.
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Introduction

Welding is a process of joining two or more simi-
lar pieces of metal into one continuous body!. In the
twenty-first century, it is still a common and a highly
skilled occupation®. There are nearly 60 different
welding processes which are currently in use. How-
ever, there are two major types: shielded metal arc
and gas (oxyacetylene) welding’, both of which are
associated with adverse health effects from chemical
and physical agents*.

Common chemical and physical hazards include
fumes, gases and ultraviolet radiation (UVR) respec-
tively?, all of which are associated with adverse effects
on the eye. Although fumes and gases can cause eye
irritation when welding is done in confined spaces,
UVR emitted by the electric arc is the most harmful to
the eye*. Therefore, the process of welding is poten-
tially hazardous to the eye if adequate eye protective
devices are not worn. Substantial evidence exists to
implicate UVR as the primary, or at least a contribut-
ing cause to a number of ocular conditions. Repeated
exposure to natural UVR sources such as sunlight, as
well as other noxious stimuli is thought to be associat-
ed with slowly degenerative changes of the conjunc-
tival epithelium such as pterygium and pingueculae’
and have been seen in some welders®. Other condi-
tions such as squamous cell carcinoma (SCC)’, basal
cell carcinoma (BCC)® malignant melanoma’, cata-
ract'? and possibly age related macular degeneration!!
have also been reported to affect welders.

The absorption of UVR by the various components
of the eye depends upon their wavelengths!?. Retinal
effects relating to UVR, for example, can only result
from UVA radiation, since the shorter wavelength
UVC and UVB radiation are absorbed by other com-
ponents such as the cornea, aqueous humour and the
lens of the eye'3. Also, the macular is susceptible to
the harmful effects of UVA which may result in age-
related macular degeneration'’.

In an epidemiologic study, Holly et al.'*, reported
that increased risk of intraocular melanomas is asso-
ciated with high exposure to UVB. High exposure to
UVB can also cause cancer of the uveal tract'® and
photokeratitis'® which is the ocular effect most direct-
ly attributable to environmental exposures to UVR.
Also, high exposure to UVC may cause basal cell
carcinoma, squamous cell carcinoma and malignant
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melanoma!’. These ocular disorders suggest the need
for adequate eye protection whenever welding opera-
tions are being carried out.

Though welders are generally shielded from harm-
ful radiation and mechanical injuries by protective
means such as safety goggles and helmets'8, radia-
tion may enter the welding helmet from behind and
be reflected into the welder’s eyes by the filter glass'®.
When not protected, welders may be exposed to their
own welding arc or the arc of nearby welders. Also,
they are usually in the vicinity of nearby welding ac-
tivity and this often exposes them to radiation from
their peripheral visual fields?°. These inadvertent ex-
posures may also cause ocular injuries?'.

The South African Occupational Health and Safe-
ty Act? requires that during welding, flame cutting,
soldering and similar operations no employer or user
shall require or permit welding operations to be un-
dertaken, unless 1) the person operating the equipment
has been fully instructed in the safe operation and use
of such equipment and in the hazards which may arise
from its use, ii) effective protection is provided and
used for the eyes and where necessary, for the face and
body of persons performing such operations, as well
as against heat, incandescent or flying particles and
dangerous radiation, and iii) the workplace is effec-
tively partitioned off where practicable and where not
practicable, all the other persons exposed to the haz-
ards are warned and provided with suitable protective
equipment. However, a shortcoming of the Act is that
the types of devices for specific welding process are
not explicitly indicated. The most appropriate protec-
tive devices such as safety goggles should always be
used during most industrial activities including weld-
ing. This is because they fit the face immediately sur-
rounding the eyes and form a protective seal around
the eyes. This prevents objects from entering under or
around the goggles?®. The use of ineffective devices
may result in eye injuries, therefore it is as dangerous
as not wearing any device.

In view of the various oculo-visual and systemic
health hazards associated with welding, and the ab-
sence of previous eye-related studies among welders
in South Africa, this project was carried out to study
the oculo-visual conditions of welders in the Capri-
corn District of the Limpopo Province of South Af-
rica.
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Methods

A map of the Capricorn District of the Limpopo
Province was obtained from the Geography Depart-
ment of the University of Limpopo and all the five
municipalities were chosen for study. The capital of
each municipality was included in the study. All the
towns and villages shown on the map of each munici-
pality were numbered and a person who did not know
what the numbers represented was asked to select four
of the numbers. Therefore, a total of 25 towns and
villages were the study sites for this project. The pro-
posal for this study was approved by the University of
Limpopo Research and Ethics Committee. Welding
workshops and industries were sought in each of the
25 study sites and all the 25 study sites were included
in the study. Permission was obtained from the man-
agers of the industries or workshops and individual
welders before the commencement of the study. All
welders in each workshop found were included in the
study except those younger than 18 years. According
to the Constitution of the Republic of South Africa,
child labour is not allowed and this refers to individu-
als younger than 18 years who were excluded in this
study.

The University of Limpopo research consent form
was given to each welder for completion and those
who needed assistance were assisted by the researcher
or a research assistant. Welders were told that partici-
pation in the study was voluntary and that they were
free to withdraw from participation at any stage. All
those requested to participate in the study completed
the form, therefore, nobody was excluded from the
study as a result of refusal to complete the consent
form.

Case history was used to establish visual symp-
toms among the welders. Ophthalmic tests such as
visual acuity (VA) measurement, pinhole, ophthal-
moscopy, external assessment and Amsler grid were
used to assess their oculo-visual status. Descriptive
statistics were used to analyze results using the Sta-
tistical Packages for Social Sciences (SPSS) and Mi-
crosoft Excel statistical packages.

Results
The total number of welders included in the study
was 150 and they were all males and were black South
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Africans. The majority, 64% (96), of the welders were
found in the towns and cities and the other 36% (54)
were found in the villages. Their ages ranged from
18 to 65 years with a mean of 39 + 14.9 years. The
most common age group, which was 20 to 30 years
accounted for 61% (92) of the 150 participants. Only
a few welders, 12% (18), were 50 years or older. In
the case history, all welders reported having one or
more visual problems. The various visual problems
and their distribution are shown in Figure 1.
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Figure 1: Reported visual conditions and percentages of the re-
spondents.

Among the 32% (48) of the welders who reported
poor distance vision, 58% (28) reported that they had
recently experienced this problem. Among the 14%
(21) who reported near vision problems, 43% (9) in-
dicated that the problems have existed for a long time.
Among the 43% (65) welders who reported experi-
encing occasional double vision, 37% (24) experi-
enced the problems recently. The reported frequency
of colour vision problem experiences by 11% (16) of
the welders is shown in Figure 2.

Bprevious 1 month
Eprevious 3 months
OMore than 12 months

Figure 2: Reported frequency of colour vision problem experi-
ences and percentages of the respondents. A few welders (13%)

reported having had this problem for longer than 12 months.
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A few of the welders, 15% (22), reported that they
have previously sustained eye injuries during weld-
ing and the other 85% (128) reported they have never
had any eye injuries. The types of injuries sustained
were not established. The reported frequency of eye
injuries sustained is shown in Figure 3.

BPprevious 1 month
Eprevious 3 months
OMore than 12 months

Figure 3: Reported frequency of injuries sustained and the per-
centages of the respondents. The majority (68%) of the welders

sustained eye injuries in the previous one month.

Unaided distance VA of 6/6 or better was found
in 53% (80) of the welders. The other welders, 47%
(70), however, had unaided VA between 6/7.5 and
6/18. The near binocular unaided reading acuities are
as shown in Figure 4.

<0.37 0.5 =1
Unaided near VA in M notation

Figure 4: Showing the number of welders who read near VA.
The majority (81%) could read <0.37 M.

Following pinhole tests, there was an improve-
ment in distance VA in 93% (65) of the 47% welders
who had poor VA, indicating that they had refractive
errors, but there was no improvement in 7% (5) of the
welders, indicating that they probably had pathologi-
cal conditions. Ophthalmoscopy including external
examination revealed that 7% (10) welders had cup
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disc ratio (H/V) greater than 0.6/0.5. Pterygia was
seen in 14% (21) of the welders while 5% (8) had
pinguecula. No abnormality was obvious in the cor-
neas. With the Amsler grid, 94% (141) of the welders
had good macular integrity, but 6% (9) reported that
the lines were blurred or distorted and that the squares
were unequal in size (metamorphopsia), suggesting
that they had pathological macular conditions.

Discussion

This study was carried out because it was consid-
ered necessary to establish the oculo-visual condi-
tions of the welders in the Capricorn district of the
Limpopo Province. The district was chosen due to its
proximity to the University of Limpopo where two of
the researchers were based. Although tests were car-
ried out in different locations, attempts were made to
ensure reasonable environments for each test carried
out. All tests were done in places where there was
enough space and illumination.

The majority of the welders were aged between 20
and 30 years. This may be because this age group
is still in their prime working age; hence it was easy
to find employment in the welding industries in the
towns. The fact that all the welders were males could
be related to the cultural aspect of life among the peo-
ple of the Province as in other parts of the country.
Males often do all the seemingly difficult jobs across
the different cultures. This explains why women were
not included in the study. However, this does not
mean that females may not be engaged in welding at
all. It is possible that women engaged in welding in
the places we did not visit. The reason all the welders
being black may be attributed to the fact that pres-
ently in South Africa; many black people have low
levels of education®. Therefore they can only seek
employment from such industries where they mostly
need hard work than academic qualifications. It will
be of interest to see how this demography changes in
the future, because many South Africans have been
engaged in education at all levels since independence
in 1994. Obviously, this will impact on the demogra-
phy of industries such as welding in the future.

Although 32% (48) of the welders reported diffi-
culties seeing distant objects in the case history, after
VA measurement, a greater number, 47% (70), had
VA worse than 6/6. This implied that 15% (22) of the
welders had less than optimal vision of which they




S Afir Optom 2009 68(1) 32-37

were unaware. Out of the 47% of the welders with
less than 6/6 VA, following pinhole, there was an im-
provement in VA in 93% (65) of the welders, hence
the poor VA were as a result of refractive errors such
as myopia, hyperopia, or astigmatism. Therefore, the
poor vision in only 7% (5) of the 47% of welders with
VA less than 6/6 was due to ocular pathology. How-
ever, there are reports?® that welding radiations cause
lenticular and retinal problems and damages due to
welding have also been linked to visual functional
defects such as reduced distance and near vision?’.
Also, the abnormal cup/disc ratio found in 7% (10)
and abnormal Amsler grid findings found in 6% (9)
of the welders are possible causes of reduced VA. It
could not be established whether these pathologies
were welding-related conditions or not.

Although 81% (121) had no near vision problems,
19% (29) could not read 0.37M print and this was
attributed to presbyopia as many of these welders
were over 40 years. Near vision problems, whether
refractive or pathological can negatively impact on
welding efficiency and can result in accidents. It is
therefore important that welders have their refractive
errors corrected for efficient welding. The report of
double vision by 43% (65) of the welders could prob-
ably be due to some form of binocular problems. The
reported colour vision problems by 11% (16) of the
welders could be due to some pathological affection
of the macula or congenital in nature. It is therefore,
recommended that welders should have their eyes ex-
amined regularly.

The 15% (22) of the welders who reported eye
injuries during welding operations in the previous
month suggests a possible deficiency in general eye
safety precautions, however, poor vision may also
contribute to the incidence of injuries. Therefore,
welders should have their eyes examined regularly
and be given appropriate optical devices to minimize
the risk of eye injuries?®. Unfortunately, the types of
injuries sustained by the welders in this study were
not established.

Both pterygia and pingueculae have been associ-
ated with UVR which is emitted by welding arcs'%.
The presence of pterygia in 14% (21) and pinqueculae
in 5% (8) of the welders in this study may be difficult
to associate with the welding process alone since sun-
light and other noxious stimuli have been associated
with their development. The presence of these two
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conditions could therefore, not be justifiably related
to welding as a control group was not examined, also
our clinical experience show that the two conditions
are common occurrences in the Limpopo province of
South Africa. It is therefore, recommended that any
future study looking at the effects of welding on con-
junctival tissues should include a control group.

Conclusion and recommendations

The study established that, although many of the
welders had normal oculo-visual status, there were a
few with ocular disorders such as poor distance and
near vision, double vision, pterygia and pingueculae
which warrant further assessment and management by
eye care professionals. In view of these findings, eye
care education and eye protection of welders should
form part of the overall work place safety program in
the Limpopo Province. This may be organised by the
Government and other agencies within the Province.
Eye care education aimed at preventing ocular dam-
age by welding processes should include the use of
appropriate protection devices and prevention of ex-
posure to radiation when not welding. This will reduce
or eliminate the hazards associated with the welding
process. A program of this nature will improve safety
and reduce ocular symptoms and risk of eye injuries
among welders in South Africa.
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