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Abstract

Volatile organic compounds (VOCs) are major components of air pollution. It is
well recognized that exposure to certain types of VOCs may cause occupational
health effects such as respiratory disease, eye irritation, immune and neurological
damage, and reproductive and endocrine disorders.

Different techniques are used to identify the VOC concentration that workers
may be exposed to in the working environment. In this study, real-time
monitoring of VOC was determined in August and September 2006 using a
MiniRAE 2000 PID at a Material Recycling Facility (MRF) in Wales, UK.
An inspection of the site was undertaken before the measurements were made to
assist us determine the appropriate sampling locations, and to fully understand
the operations at the MRF.

Benzene, Toluene, Ethyl benzene and Xylene (BTEX) were detected at
different working environment areas at the MRF. Although the values monitored
were low and are unlikely to have any primary health effects, it is worth
investigating any unpleasant odours that may cause secondary symptoms
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1 Introduction

Although several researchers have addressed the risk of waste facilities, for
instance congenital anomalies and malignancies in relation to living in close-
proximity to landfill sites, the health impacts of new waste management
technologies and the increasing use of recycling and composting is an area that
always require further assessment and monitoring Rushton [1], Megrahi et
al. [2].
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There are several initiatives in various parts of the world that encourages the
public to recycle waste, which is usually taken to Material Recycling Facilities,
MREF, to be sorted. The types of Material Recycling Facilities vary from MRFs
that only bale source separated materials to Single Stream facilities that use
appropriate sorting methods to prepare recovered materials for market.

No work that we have come across has been published on the levels of
volatile organic compounds, VOCs, in a manual sorting MRF, and this paper
provides data on levels determined at an MRF site in Wales, UK.

Although indoor VOCs have been found to cause asthma-like symptoms
Norback et al. [3], there is little epidemiologic work on ambient exposures.
There are no data on relationships between respiratory health and exhaled breath
VOCs, which is a biomarker of VOC exposure. Pappas et al. [4] study concluded
that reductions in levels of VOC to substantially less than 25 mg/m”’ are required
if a “non-irritating” work environment is desired. In regions of high traffic
density, stronger associations for ambient than for breath VOCs have been
determined suggesting that ambient VOC measurements are better markers for
daily exposure to combustion-related compounds thought to be causally related
to acute asthma Delfino ef al. [5]. There is now evidence that VOCs play a role
in exacerbating respiratory symptoms Beck et al. [6].

2 Materials and methods

The MREF site chosen for this study is located in Wales, UK, and waste materials
delivered at the site are sorted manually. In a week, the MRF site receives 160
tonnes of domestic municipal waste and 660 tonnes of commercial waste.
The waste is separated manually on a segregation line and then baled.

Before the measurements were taken, a pre-inspection survey was completed
and the information gathered used during the walk-through the facility to assist
the authors to be familiar with the operations at the MRF.

Real-time monitoring of VOC was determined using a MiniRAE 2000 PID.
Monitoring was determined on four periods during an 8-hour working shift - four
in August and one in September 2006. The levels were monitored at the
beginning, middle-point and the end of the sorting line.

The PID was selected because of the portability, size, ease of use and data
logging capabilities. The PID was calibrated using isobutylene. Air was drawn
through the PID at 450 ml/min. The PID was equipped with a 10.6 ev lamp and
measurements taken every second. All data were stored in non-volatile memory,
and later downloaded to a computer and analysed. The MiniRae PID provides
the most cost-effective detailed exposure assessment for solvent mixtures Coy et
al. [7], and it has been used to monitor organic compounds Walsh et al. [8],
Simpson et al. [9], Preller et al. [10], Enomoto [11]. The response of the portable
PID used to monitor VOC has been found to highly correlate to the standard
charcoal sorbent tubes, analyzed by gas chromatography, results for hydrocarbon
mixtures encountered during various painting tasks Coy ef al. [7] The MiniRae
PID is compliant with the specifications contained in EPA Method 21 (40FR) for
leak detection and monitoring of fugitive emissions.
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3 Results and discussion

The results from the survey identified the common VOCs to be Benzene,
Toluene, Ethyl benzene and Xylene (BTEX), Table 1.

Table 1: Average BTEX levels in ppm on the sorting line at the MRF.
Beginning Middle End
Benzene 0.29 0.40 0.21
Toluene 0.27 0.39 0.2
Ethyl benzene 0.28 0.39 0.20
Xylene 0.25 0.57 0.18

The levels of BTEX determined at the beginning of the segregation line in
August and September 2006 are shown in Figures 1 and 2, while the variation of
benzene at the end of the segregation line is shown in Figure 3. The contribution
to the BTEX values at the 3 sampling points is shown in Figure 4.
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Figure 1: Average VOCs at the beginning of segregation area 4 August 2006.

The BTEX average values observed at the MRF are low. However
measurements made during the first monitoring period on 4 August 2006, were
1.3, 1.2, 1.3 and 1.1 ppm for benzene, toluene, ethyl benzene and xylene
respectively. The corresponding measurements during the other periods were
notably lower as the MRF had reduced the delivery of organic waste. In addition,
there were marked improvements in working conditions including increased
ventilation and the regular cleaning of the sorting line and the surrounding areas.
From the walk-about survey, we had pointed out these measures to the MRF
operator, and were delighted that their implementation resulted in a huge
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reduction in BTEX concentration. The other areas we suggested changes were on
site operation, and in the welfare and further training of the employees.

The VOCs, at these low concentrations have not been reported to have any
primary health effects, but it is worthy investigating any unpleasant odours that
may cause secondary symptoms such as nausea and hypersensitivity reactions
normally reported in other types of waste facilities Muller et al. [12] and
Tolvanen et al. [13]
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Figure 2: Average VOCs at the beginning of segregation area in September
2006.
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Figure 3: Variation of benzene at the end of segregation line.
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Figure 4: BTEX concentration in the 3 stages of the segregation line.

4 Conclusions

The data collected at the MRF shows that the PID is a useful tool for real time
VOC measurement. Although the VOC concentrations were low, further
improvement on the site that has taken place since September 2006 will continue
to help improve the working environment at the site.

The paper has demonstrated how simple remedial measures in an MRF can
reduce the pollutant levels that workers are exposed to.
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