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Abstract

Medical examination gloves made of natural rubber have been proven to be a
satisfactory barrier protection against infectious agents and body fluids, however the serious
issue of latex allergies has caused the synthetic glove market to expand rapidly. This project
aimed at comparing examination gloves made of natural rubber and synthetic nitrile rubber
in three aspects: glove allergies, in-use physical and mechanical properties of glove materials,
and environmental impacts. The prevalence of glove allergies among healthcare professionals
from four parts of Thailand was collected from 1,071 questionnaires and the data was
analyzed. The properties of examination gloves made of natural rubber and synthetic rubber
(nitrile and vinyl) was studied and compared. The structural information of natural rubber and
synthetic rubber glove materials was characterized by Fourier transform infrared spectroscopy
(FTIR). The physical and mechanical properties of rubber gloves were investigated by
dimensional measurement, water-tightness test and tensile testing experiments according to
TIS1056-2548, and resistance to needle’s puncture. Scanning Electron Microscopy (SEM) was
used to examine the morphology change of glove materials after immersion in alcohol and
the puncture resistance test. The results showed that the dimensions of natural rubber and
synthetic rubber gloves conformed to the standards. However, after the puncture test, the
puncture holes on the natural rubber gloves were smaller than those on the nitrile gloves.
This is due to the fact that the natural rubber gloves possessed higher elastic recovery. The
superior puncture resistance property and high resistance to alcohol for at least 30 min
indicate that powder-free natural rubber gloves were more suitable for medical examination
than nitrile rubber gloves and powdered natural rubber gloves. The aforementioned tests
were also applied to vinyl gloves and it was found that the gloves showed the poorest
properties in relation to other gloves.

For the aspect of environmental impacts, the comparison of the environmental
impacts, caused by medical examination gloves made of two different rubbers (i.e., natural
rubber and nitrile rubber) was studied. The impacts were assessed according to the life cycle
assessment covering four main stages: material extraction, transportation to the glove factory,
glove production, and disposal (assuming to be complete combustion). The ReCiPe Midpoint
(H) (Version 1.06) method and SimaPro (version 8.0.5) were utilized for the analysis. The
sensitivity analysis was performed on variations of the amount of Cl existing in the gloves. The

results revealed that the environmental impacts of natural rubber and nitrile gloves were



mainly caused by the production stage (i.e., the types and amounts of the fuel consumption
and the types of coating materials). When only carbon footprint (CF) was considered, the
concentrated natural rubber latex had a higher CF value than the synthetic acrylonitrile rubber
latex, due to the use of Nitrogen fertilizer in the planting stage. However, when all 18 impact
categories were taken into account, the total environmental impact value of the concentrated
natural rubber latex was smaller than that of the synthetic acrylonitrile rubber latex. The
chlorine amount in the product increased both carbon footprint and total environmental
impacts. In addition, the incineration of gloves (natural rubber and nitrile) under low O,
concentration yielded the liquid product with heating values in the range of 10.10-36.05
MJ/kg, but very small amount of liquid was obtained when vinyl gloves were burnt. Thus, the
use of the liquid as a fuel can reduce the total environmental impacts of the gloves by

disintegrating gloves into liquid with a high heat value.

From the aspects of glove allergy and in-use properties stated above, the powder-free
natural rubber glove has shown to be the most suitable glove for medical examination due
to three following facts: (1) higher elasticity, (2) resistance to alcohol for at least 30 min, which
is longer than the general time period of wearing per pair as indicated in the questionnaires
from medical professionals, and (3) lower chance in development of glove allergy.
Nevertheless, from the environmental aspects, the powder-free natural rubber glove has a
higher total environmental impact than the powdered natural rubber glove and nitrile rubber
glove. But such the environmental impact can be reduced by finding less-environmental-
impact methods, alternative to the chlorination process, and improving the rubber-tree

plantation stage.
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