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Does sunlight change the material and content of
polyethylene terephthalate (PET) bottles?

M. Wegelin, S. Canonica, A. C. Alder, D. Marazuela, M. J.-F. Suter,
Th. D. Bucheli, O. P Haefliger, R. Zenobi, K. G. McGuigan, M. T. Kelly,
. P. Ibrahim and M. Larroque

ABSTRACT

A simple water treatment process called SODIS (solar water disinfection) consists of filling polluted
water in PET botties that are exposed to sunlight for 5-6 hours. However, sunlight does nat only

. destroy disease-causing microorganisms found in the water but also transforms the plastic material
into photoproducts. Laboratory and field tests revealed that these phatoproducts are generated at
the outer surface of the bottles. No indication for migration of possible photoproducts or additives
from PET bottles into water was observed with the applied analytical methods. _
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INTRODUCTION

An important reason for the transmission of infectious
diseases in developing countries is the lack of adequate
and safe water and sanitation systems. The poor in rural
areas, in rapidly expanding urban slums and in squatter
settlements are the most affected by this lack of infrastruc-
‘ture. Water supply monitoring programmes indicate that
more than 1 billion people have no access to safe water
(approximately 800 million people in rural areas and 300
million in urban settlements) (WHO et al. 1996). This

situation in developing countries has negative effects on

public health. Diarrhoeal diseases cause approximately

2.5 million deaths per year, 2 million children die before

the age of five (WHO 1998). In spite of the efforts made at
international and national level, water supply coverage is
. a long way from the target of ‘safe water for everybody’.
The world’s growing popullation also enhances the abso-

lute number of people without a proper water supply.

Programmes designed to - provide safe water to the
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unserved cannot keep pace with the ever-growing popu-
lations in many rural cities and conurbations in develop-
ing countries.

Conventional rural water treatment plants in develop-
ing countries often fail to produce safe drinking water.
Smooth operation and maintenance of the installations
are often hindered by a lack of trained operators, by an
unreliable supply of chemicals and spare parts, and by
financial problems. Since major urban water supplies-are

_also not always capable of maintaining a regular supply of

qualitatively good water, the distributed water is often

~considered unsafe for direct consumption. Treatment of

water at household level (e.g. boiling) or purchase of
mineral water for consumption is more a reality than an
exception in urban areas of developing countries.

Solar Water Disinfection (SODIS) is one treatment
op'tion for small quantities of drinking water at house-
hold level. This simple treatment technology uses solar
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radiation to inactivate "and destroy pathogenic micto-

organisms present in the water. The treatment Basicaﬂy
consists of filling transparent containers with water and
exposing them to full sunlight for several hours. The
efficiency of SODIS was examined by comprehensive

laboratory research and field tests (Wegelin ef al. 1994;

Sommer et al. 1997). The SODIS technique of bacterial
inactivation

has been shown to be highly effective in reducing the

. pathogenicity of contaminated drinking water in Maasai
children (Conroy et al. 1996).

The most important advantages of SODIS are its sim-
ple application and low costs. However, to attain sustain-
ability, locally available material should be used whenever
possible. Glass or plastic bottles are generally available at
local markets. Glass bottles are gradually being replaced
by polyethylene terephthalate (PET) or polyvinyl chloride
(PVC) bottles. Since glass is inert and not transformed

into photoproducts, glass bottles with good UV-A trans-

mittance would be ideal for SODIS use. However,

. glass breaks more easily, is heavier and more expen-
sive than plastic bottles. . PET bottles should be used
for SODIS application, as this material is supposed to
have less additives (photo-stabilisers, plasticisers) than
PVC. :

PROBLEM AND APPROACH

Exposing water in PET bottles to intense conditions of
heat and light over prolonged periods raises questions
regarding the formation of photoproducts and the migra-
tion of compounds from the containers into the water.
These photoproducts might reduce the efficiency of
SODIS and, when migrating into the water, possibly cause
health hazards to'the consumers of the treated water,
The aspects studied are also of general interest to the
soft drink industry. Although fewer additives are used for
PET than for other polymers (such as PVC), UV:stabilisers
(Monteiro et al. 1998), brighteners (Di Pasquale et al. 1996)
and tougheners (Meyer & Leblanc 1995) were used to
improve the PET characteristics and to increase its
applicability. Furthermore, investigations are necessary to
determine whether recycled PET, as used for carbonated

soft drinks, contains compounds from the recycling
process.

An interdisciplinary research team from Switzerland
carried out laboratory tests to ‘examine type and location
of the formed photoproducts as well as their influence on
the quality of the water stored in PET bottles. These
studies were complemented by field tests carried out by a
joint Irish and Malaysian collaborative research group.

EXPERIMENTAL SECTION
Samples and experlme;ntal' setup

Ageing of bottles used in SODIS demonstration

projects .

Plastic bottles used in the countries participating in the
demonstration projects were selected according to the
following criteria; (1) availability on the retail market of
the specific country; (2) good transparency to UV-A light.

'Ageing of such bottles was checked at EAWAG by UV-vis

spectrophotometry after they had been used for several
months in these SODIS projects, taking unused bottles of
the same kind as a reference.

Ageing of PET bottles in Switzerland

Two tests were carried out in Switzerland. The first pre-
liminary test (referred to as ‘EAWAG-1’) consisted in
exposing three small pieces (about 2 cm x 5 cm) of a PET
bottle to sunlight for several months from late spring to
late summer. The second test (referred to as ‘(EAWAG-2’)
was carried out using four full and four empty 1.5 | Evian®

‘mineral water bottles made of PET and purchased on the

retail market. The bottles were stripped off their paper
label, mounted onto a black-painted corrugated iron rack,
inclined at a 45° angle with respect to the horizontal
position, oriented south, and exposed to natural sunlight
on the roof of EAWAG (latitude 47.4°N) on 25 May 1998.
After a period of 15, 30, 63 and 126 days, respectively, a
full and an empty bottle were removed from the rack and
stored in the dark at room temperature (21-25°C) along
with a full and an empty control bottle kept there during






