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Abstract: The aim of this research was to identify issues concerning air quality and
health effects associated with organic dusts and related to household waste recycling
within two Materials Recovery Facilities (MRFs) in the UK. MRFs receive household
and commercial waste collected for recycling and prepare them as secondary raw
materials by sorting and baling marketable categories. Air quality monitoring for viable
fungi, bacteria and Gram-negative bacteria and total dust was carried out over a year at
two MRFs in the UK. Peak flow measurements and questionnaires to detect symptoms
of organic dust exposure were also used. Initial air quality results showed levels of
bacteria and fungi up to 2.0 x °16fu/n? with the Andersen Sampler, and personal
sampling reached 3.8 x S@fu/m® with total dust levels up to 18 mgimOf 39
operatives 10 participated in peak flow monitoring. Almost all of these individuals
showed some variability, particularly when changing jobs within MRFs, and two
operatives showed decreases of more than 100 I/min in relation to their work. Of 39
operatives questioned at two MRFs 51% reported nasal irritation, 38% throat irritation,
21% of eye irritation, 38% dry cough, 31% joint pains and 38% complained of
tiredness. However, it is difficult to attribute these results to the working environment,
but it is thought they indicate operatives can experience effects on their health whilst
working in MRFs, and that this is an issue which needs addressing by all management
levels.
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INTRODUCTION introducing a notification system. The Environment Act
(1995), the most recent piece of environmental legislation
The UK produces approximately 120-130 millionintroduced into the UK, covered creation of the
tonnes of Controlled Waste (industrial, commercial anfinvironment Agency from April 1996, and included
household) per annum [3]. Household waste is estimateéctions on contaminated land, urban air quality, waste
to be 20-25 million tonnes per annum (or 5% of the totsltrategy (policy statements, waste flows, techniques and
of all waste generated in the UK), a 16% rise since theaste streams) and packaging waste [3].
1970s [7]. In 1990 the UK government set a recycling target of
Important legislation has been introduced to the was% of household waste to be achieved by the year 2000,
management industry in the UK in recent years. Thand in 1995 a 40% 'recovery' target by the year 2005 of
Environmental Protection Act (1990) placed a 'Duty ofiousehold and commercial waste. However, current
Care' on producers and handlers of Controlled Waste, tgports indicate that local authority recycling rates in the
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UK average 6% (with some Councils recycling over 22%etween scale, investment and technological differences
and others not recycling) [2]. in sorting and processing recyclables, although they have
Materials Recovery Facilities (MRFs) receive materialsimilar inputs of waste materials and processing
collected for recycling and prepare them as secondary ragproaches. At MRF A approximately 16% of operatives

materials by sorting and baling marketable categoriglsad learning disabilities, with 75% at MRF B.
They first appeared in the UK in the late 1980s, mainly asInitial research included a characterisation of both
warehouses where material was handsorted, particulaMiRFs and waste inputs. Data was collected relating to all
more valuable materials such as aluminium cangicoming waste and visual inspection was used to
Increased materials for recycling in the UK from aharacterise 'cleanliness' of waste. This allowed a good
combination of drop-off sites, kerbside collectiorunderstanding of the general characteristics of solid waste
programmes and commercial sources have led to the néaihg disposed of in the study area, and were linked to site
for central processing activity. The first purpose builtecords and weighbridge data.
MRF, with a capacity at 100,000 tonnes per annum, The design of the air sampling programme attempted to
opened at the end of 1993. There are now an estimatalle into account current research on air quality in waste
30-50 recycling facilities of various types and sizes in theandling facilities [4, 6, 8, 9, 13], and was carried out in
UK, collecting a variety of different materials. Thesecollaboration with Rothamsted Research Station. The
figures include a small charity collecting 2-3 materials téndersen Six Stage Sampler [1] was chosen to determine
large MRFs processing 12 or more materials. The size distribution of microorganisms in the atmosphere
probability is at least another 10 facilities will open withirand levels of viable airborne particles. These samplers
the next 12 months. MRFs are often a partnership betwesare operated at 25 I/min (at 1 minute for Gram-negative
local authorites and private waste managemebiacteria, and 30 seconds for all other samples) and were
companies. However, markets for recycled material in thaced as close as possible to where the operatives were
UK are variable which has led to recycling rates fallingjvorking at seven or eight sampling sites (seen in Tables 1
and the collapse of some programmes. There is littend 2), with duplication of samples at each site in both
government support or intervention for recycling in thtMRFs to minimise irregular levels. Sites were chosen to
UK, although recycling credits are paid to reflectepresent major processing functions within both plants,
diversion of waste from landfill. where waste is moved, compacted or otherwise processed
More recent developments include a new landfill taXpr recycling, and where the greatest aerosolisation of
which began in October 1996, with price differentials fomicroorganisms may occur, similar to Danish areas of
waste going to landfill, £2 per tonne for 'inactive' and £goncern [13].
per tonne for 'active' waste. Revenues are due to goPolycarbonate aerosol monitors (37 mm diameter,
towards national insurance  contributions, an@.8 um pores) in filter cassettes pre-weighed to an
environmental bodies to fund research into wastccuracy of 18y were used to measure personal
management. It is thought this will encourage recyclingioaerosol exposure. These operated over a work shift for
by penalising disposal options. Other targets in the Up to 7 hours, at 2 I/min. Two filters were kept as
include 80% of households to have access to recycliegntrols, and all filters and cassettes were re-weighed
facilities, 40% of homes to carry out composting, togethearfter 24 hours. They were then used for viable counts,
with new energy from waste plants, implementation of thesing the same media as for the Andersen Samplers,

EU packaging directive and priority waste streams. shown below:
« Gram-negative bacteria - Violet Red Bile Glucose
MATERIALS AND METHODS Agar, 37°C for 24 hours;

< Bacteria - Nutrient Agar, 25°C and 37°C for up to 1
Two MRFs were examined as part of a 3 year researchweek;

programme in the UK. Both MRFs were supplied by Fungi- Malt Agar, 25°C and 40°C for up to 1 week.
extensive kerb collection programmes, initiated in the late To account for seasonal variations the programme of air
1980s. One MRF was a large purpose-built facility with gampling was broadly continued within the four seasons:
capacity of 100,000 tonnes per annum (referred to @ammer, autumn, winter and spring. Andersen sampling
MRF A), whilst the other was a smaller MRF installed inook place once every three months. Aerosol Monitors
an existing building, using older and less sophisticategere used twice, in late winter and again in summer.
equipment to sort and process materials of up to 5@eather conditions were taken into account, and
tonnes per annum (referred to as MRF B). Both MRRemperature and relative humidity readings were taken.
accept waste inputs from surrounding local authorities afdingi were identified to species level where possible. A
private waste management contractors, consisting maimgn-parametric Kruskal-Wallis test was then carried out
of 'dry' recyclables, including newspaper, glass, metais: each microbiological parameter to detect if there were
and plastics. Storage of textiles from kerbside collectiatifferences between work stations.
schemes and processing of commercial waste materialsPeak flow measurements were considered the most
mainly paper and plastic, are also undertaken at both sitpgactical way of detecting changes in an operative's lung
Both use handsorting techniques to separate the@@ction, and show association of any changes related to
materials. These MRFs provided a good comparisatork periods, including 'recovery' stages [12]. A portable
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Table 1.Viable counts range (median) from Andersen Samplefscfwon).

139

MRF A Bacterid (N = 8) Bacteria(N =8) Gram-negativé§N = 8) Fungt (N = 8) Fungi(N = 4)

Lower Floor 1.3-6.1  (3.40) 0.6-48 (2.60) u.d.-0.08  (0.03)  24.3-53.6 (44.60) ud-2.8 (0.04)
Pre-sort Cabin 2.0-9.0 (3.16) 0.6-7.4  (2.20) 0.02-0.56 (0.18) 23.8-56.2 (37.00) u.d-1.1  (0.58)
Plastics Cabin 2.5-29.2  (19.80) 05251 (5.36) ud-152  (0.12) 11.8-208.7 (88.64)  0.08-33.2 (9.04)
Paper Cabih 1.9-85 (5.32) 1.2-76  (6.56) u.d-0.04  (0.02) 18.8-149.9 (19.68) ud-12.1  (5.86)
Upper Floor 1.7-196  (3.24) 0.4-17.9 (1.52) u.d.-0.32 (0.03) 6.8-78.7 (23.40) 0.08-3.2  (0.76)
Offices 1.0-18.2  (4.08) 0.8-16.1  (3.16) u.d.-0.08  (0.02) 2.4-13.8  (7.60) u.d.-6.0 (4.38)
Rest Room 1.7-88 (2.68) 0.8-9.3  (1.68) u.d-0.04  (0.02) 1.6-21.6 (13.92) uwd-121  (2.22)
MRF B Bacterid(N = 8) Bacteria(N = 8) Gram-negativ8gN = 8) Fungt (N = 8) Fungi(N = 4)

Tipping Floor 0.8-69.6  (8.84) 0.6-27 (1.88) u.d.-0.04  (0.02) 4.0-29.9 (9.72) 0.04-0.2  (0.16)
Tipping Pit 4.7-39.1 (19.60) 1.1-153  (5.16) u.d.-0.40 (0.02) 6.4-134.3  (9.40) 0.04-2.0  (0.76)
Sorting 3.9-14.8  (6.60) 1.8-5.7  (2.16) u.d.-0.08  (0.02)  7.3-102.0 (13.84) ud-1.6 (0.54)
Residue Area 2.9-11.0  (4.60) 1.5-12.8  (2.16) u.d-0.04  (0.02) 4.4-32.1 (15.92) ud-1.6  (0.50)
Baling Area 45-60.0 (20.24) 1.2-8.0 (3.44) u.d.-0.04 (0.02) 2.4-440 (17.20) u.d-1.8 (0.66)
Offices 4.4-14.6 (12.88) 2.3-7.3  (5.04) u.d.-0.08  (0.02) 2.3-7.6  (5.80) ud.-1.7 (0.62)
Rest Room 6.3-36.2 (13.92) 2894 (5.76) u.d.-0.40 (0.03) 4.7-47.3 (10.76) 0.04-4.4  (2.20)
New Balef 3.0-45.2 (12.08) 1.7-138  (2.12) u.d.-0.04  (0.02) 24.0-237.5 (39.76) 2.4-40 (3.24)

2 At 25°C;" At 37°C;¢ At 40°C;“ N=6 for bacteria at 25°C/40°C, Gram-negatives and fungi at 25°C; u.d. undetectable.

device, the Mini-Wright Peak Flow Meter, was used. RESULTS AND DISCUSSION

Operatives were given instructions on how to use the peak

flow meter according to the manufacturer's recommendationsYVaste entered both MRFs from three main sources:

and were given a visual demonstration. Recordings takenSource separated kerbside programmes;

on the first day were discounted to take into account theDrop-off sites;

effect of learning, and were carried out every third howr Commercial sources.

for 14 days at work and at home. Operatives were askedtems in the waste stream thought to create air quality

to record three readings five times a day, but repeatoblems included recyclable items not accepted, such as

recordings if the difference between the two highesiome plastics; non-recyclables, such as large lumps of

readings was over 10%. They were also asked to recatéel scrap; hazardous wastes, such as medical materials;

their activity, for example paper sorting at work, omnd cross-contaminants, such as putrescible items. Up to

reading at home. Smokers were detected by questionnai®s of plastics contained a residue. Often these problems

Operatives with learning difficulties were not able to usare due to over-enthusiastic recyclers - they think all

peak flow monitors successfully over the required perioghaterials can be recycled if a programme accepts some

Further research into MRFs employing operatives wittypes. It was concluded that, at present, both recyclables

learning difficulties will need to address this. and waste come from numerous uncontrolled sources with

Questionnaires to detect symptoms of organic dusgtried quality at both MRFs.

exposure were also used. The questionnaire chosen wast present there are no standardised monitoring

adapted from a proposal for a standardised questionngim@tocols for measuring bioaerosols, and there is a large

to detect symptoms related to organic dust exposudegree of uncertainty over the types of method available

developed by a working group [11]. Questions on atopgy, 5, 12]. Factors considered when designing an air

were added as this was not covered by other aspects ofghepling methodology here included: type of sampling

study. The questionnaire was administered by shdqtatic or personal); expected contaminant (bacteria,

interview in conjunction with an Occupational Healthactinomycetes or fungi); concentrations of likely airborne

Nurse. It was necessary to simplify questions famicroorganisms; importance of particle size separation;

operatives with learning difficulties for clearerwhether microorganisms were prone to dehydration or

understanding. A control group undertaking light packingvergrowth by others; and flow rate of air.

work was asked the same questions using the same formalable 1 shows median and range of viable counts

for later comparison. This group had 63% of individualgcfu/m®) obtained throughout 1 year at MRF A and B.

with learning difficulties. Levels of bioaerosols were below those reported in other
literature, particularly in composting [8]. Use of the
Kruskal-Wallis test revealed a highly significant difference
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Table 2.Profile of individuals questioned.
60 -

0 MRFA Category MRF A MRF B Control Group
m MRFB
501 m Control No. Individuals 19 (1 female) 20 (3 females) 16 (10 females)

Age Ranges 20-55 19-54 19-72

40 1

Work History 2 months—2 yrs 1 month—6 yrs 2 months—11 yrs

o Smoking History  42% smokers 25% smokers 6% smokers

30 -

37% history  35% history 19% history

% Sufferers

1 deposited among stages 3-4 of the Andersen Sampler.

Levels of Gram-negative bacteria were low throughout

kR both MRFs, and were almost non-existent on personal
samplers. Endotoxin still remains to be measured as part
of a European BIOMED2 Programme.

Personal sampling results (not listed in full here)
recorded levels of fungi up to 3.8 x*fu/nt and
e e et o o Sy o34 X 16 ctu? during plasics soring at MR A and
?oigh; 2, Coughy+ phlegm; 3, Wheezing; 4, %hegi tightﬁess; 5 NaMIRF B re_SpeCtlver' Total dust levels were high When
irrtation; 6, Throat irritation; 7, Headache; 8, Nausea; 9, TirednesBAPer sorting at MRF A (up to 18 mg)mand the plastic
10, Joint pains; 11, Skin problems; 12, Eye irritation. cabin and tipping floor recorded 16.3 and 15.5 nig/m

respectively. At MRF B total dust levels were highest
(p = 0.001) within microbiological parameters betweewhen sweeping tipping floors at 12.5 md/nand the
sites at MRF A with fungi at 2&. Significant differences sorting conveyor recorded a level of 10.6 mig/m
(p = 0.05) were also recorded for Gram-negatives at MRF Corrected results from peak flow monitors showed a
A, and for bacteria at 4C and fungi at 2% at MRF B. majority of the 10 individuals who took part had some
Tests for differences between work stations wené@niability, in the region of 13-19%. Two operatives
borderline significant for bacteria atZ5in both MRF A decreased by .100 l/min durmg.a 2.4 hour_ pgrlod, possibly
and B (p = 0.055 and p = 0.078, respectively). due to a reaction when %hang|_ng _J_obs within MRFs, and

At MRF A the highest counts of bacteria and fung‘our had in excess of 20% variability over the two week

were obtained during plastic and paper sorting withiRe”Od' quever, this data remains to be examined in
enclosed cabins. At MRF B tipping, sorting and balinénore d_etall. . . : : .

operations showed the highest counts. For species o revious questlor)nalres.used in the L.JK Fo identify
fungi, approximately 80-95% wer@enicillium spp., health effects associated with waste handling include one
although Aspergillus fumigatusand Cladosporiumspp. de\_/elpped for use at landlls and transf_er stations [4].
were also present. Most particles (up to 90%) Wer‘ghls included questions on work, smoking habits and

Table 3.Percentage of symptoms at MRF A, MRF B and in the control group.

Symptoms (%) MRF A MRF B Control Group
Yes NWP DK® Yeg NWP DK® Yes NWP DK®

Dry Cough 26.3 10.5 5.2 5 10 15 0 6.2 0
Cough & Phlegm 26.6 0 10.5 5 0 10 0 18.7 0
Wheezing 10.5 0 0 0 5 5 0 18.7 0
Chest Tightness 15.8 0 0 10 0 10 6.2 125 0
Nasal Irritation 57.9 0 0 15 5 25 125 31.2 125
Throat Irritation 42.1 0 0 10 5 25 18.7 12.5 12.5
Headache 31.6 0 0 10 5 10 6.2 50 0
Nausea 47.4 0 0 5 5 10 6.2 0 0
Tiredness 10.5 0 5.2 25 15 20 18.7 25 0
Joint Pains 5.2 0 15.8 15 10 10 18.7 25 0
Skin Problems 0 0 0 25 5 5 0 25 0
Eye Irritation 10.5 0 0 20 5 5 6.2 31.2 0

2Yes, symptoms are related to wdtKes, there are symptoms but they are not related to Wek; there are symptoms but it is unknown if they are

related to work.
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symptoms such as coughing, breathing and cheseded in this important area. Longitudinal studies, to
difficulties, headaches, irritations and skin disordersnonitor operatives before they start work and during the
Certain drawbacks were recognised from this questionnaiceurse of their employment are also needed.
such as phrasing, and conclusions indicated problemsManagement and mitigation issues also need to be
would need further examination. A questionnaire used laddressed, including development of information,
the UK Health and Safety Executive for operativesducation and training for the employees, and adoption of
working with known respiratory sensitisers, intended akese practices. Currently, development of an approach to
part of a health surveillance programme, was algarovide comparable data between different types of MRF
considered [6]. However, questions were too brief, arid being considered. Employer investment as well as
did not allow for symptoms such as those known whegmsues such as liability and health care for MRF operators
exposed to organic dusts. within the EU also need to be evaluated. The concept of
In total 55 individuals were questioned, and theirisk assessment, risk minimisation and employee
profile can be seen in Table 2. Results from the survepsotection already in EU health and safety directives
are shown in Figure 1. In many categories the controkeds to be further examined in this context.
group seems to exceed both MRF A and B in symptoms,
such as throat and eye irritation, headache and joint painsacknowledgement.
However, when these figures are grouped according to
whether the individual believes their symptoms arg

aﬁtrlbutable to work or nlc_)t (see T?blﬁ 3)it Ca:n_bedseg_n tl}‘?e p and advice in the enumeration of bioaerosols. Thanks also
these apparent anomalies are further exp _alne : 'guiﬁﬁto Ms Elizabeth Hughes for her help and assistance in the
for MRF A are not much changed, operatives here afgestionnaire interviews, Dr David Stott and Christopher
quite certain their symptoms are related to work, apaibben for advice and assistance in examining the results and
from a small percentage with cough and phlegm and dpy Torben Sigsgaard for his advice concerning peak flow
cough (thought due to smoking) and tiredness and joirgcordings.
pains. Operatives in MRF B were more uncertain as to the
cause of their symptoms. Tiredness, at 60%, falls to 25% REFERENCES
certain it is related to work, with 15% believing it was not
related to work and 20% uncertain. In fact all reported 1. Andersen AA: New sampler for the collection, sizing and
symptoms at MRF B are reduced, with many operativégumerat!on of V|a_1ble_3 airborne particld€Bacteriol1970,76, 471-484.

f their origin. It is possible this is attributable to a 2. Audit Commission 1994/5.
u_nsure Y gmn. P g . ’ h - - 3. CronersWaste ManagemenCEroner Publications Ltd., 1991.
higher percentage of operatives with learning disabilities. 4. crook B, Higgins S, Lacey: JAirborne Micro-organisms
With the control group it can be seen that many of thissociated with Domestic Waste Dispogéhal Report to the HSE
symptoms experienced were not thought linked to worQ,O””aCt_ﬁNlﬁms\% gMS/126/643/A85_- #9]87- b oA
many of these individuals believed other causes to be thriz5' Griffiths WD, DeCosemo GAL: The assessment of bioaerosols -

. . _Crifical review.J Aerosol Sc1994,25, 1425-1458.

source Of_ the_” sympton_’n;, suc_:h as hot weather, SINUSg, HSE:Preventing Asthma at WoriNIS/08/12).
trouble, migraine or arthritis. This may account for raised 7. Kindred AssociationA Practical Recycling HandbooRthomas
percentages relating to headache, nausea, tiredness gifdrd Services Ltd 1994,

joint pains. These issues are currently undergoing further8: -acey J, Wiliamson PAM, Crook B: Microbial emissions from
composts made for mushroom production and from domestic waste.

inveStigation as i_t iS_ thO_Uth self-reporting may hf”W%omposting and Compost Quality, Assurance Critet292, EUR
affected results, with individuals at MRF A over-reporting 2454:117-130.
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) . o recycling and workers' safety.Waste Mgnt & Resource RecovéBp4,
Issues such as waste inputs, their origin and MRE3, 107-112.
operations and design remain to be examined in morell. Rylander R, Peterson Y, Donham KJ: Questionnaire evaluating
detail and linked with health effects within MRFs.organic dust exposurém J Ind Med.990,17, 121-126.

s . . 12. Sigsgaard T:Organic Dust and Respiratory Symptoms in
AIthoth peak flow monitoring and questionnaires havgelected Industrial Environmentsnstitut For Epidemiologi Og
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disorders and atopy in Danish refuse workéns J Respir Crit Care
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