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I. ABSTRACT

Culturable airborne bacteria and fungi were sampled in a domestic waste
transfer station in Mexico City. Close to where the waste was handled, the
geometric mean concentration of bacteria was >6700 cfu/m? of air. of Gram-
negative bacteria >460/m?, and of fungi >4900 cfu/m?, of which 75% were
Penicillium spp. Concentrations of microorganisms downwind of the waste
site were greater than upwind. Salmonella was recovered on Trypticase Soy
Agar from 14% of samples. The large concentrations of Gram-negative bac-
teria and fungi in the waste transfer station could lead to different types of
pulmonary reactions, and thus constitute a respiratory hazard to workers, and
possibly also to the neighboring population.

I1. INTRODUCTION

Mexico City is one of the largest cities in the world, and a major burden
of the city administration is the collection and processing of about 50,000 tons
of domestic waste daily. Household waste is taken to transfer stations, where
it is loaded into bulk containers for transportation to landfill sites. A large
proportion of the waste is putrescible and may also contain fecal and other
microorganisms from human and animal sources, e.g., from disposable diapers,
animal feces.! It is, therefore, readily colonized by bacteria and fungi. Handling
such waste may result in the dispersal of fungal and actinomycete spores,
bacteria, mycotoxins, and endotoxins (lipopolysaccharide from Gram-negative
bacterial cell walls) into the air,” presenting the risk of inhalation and possible
disease both in workers and in the neighboring population. Inhalation of dusts
containing microorganisms and their products can result in a range of respi-
ratory symptoms.>-5 Sometimes, the association between symptoms and a
specific agent is clear®” but often many potential causal agents are present. In
work environments where organic matter is handled, the risk of allergy (includ-
ing both asthma and allergic alveolitis) to microorganisms is often greater than
that of infection. Allergic alveolitis, particularly. may be associated with expo-
sure to large concentrations of microorganisms (>10%m? of air) made airborne
by work-related activities. Such concentrations usually greatly exceed those
normally found in outdoor air.*

Economic, political, and environmental constraints often require the siting
of municipal solid waste processing plants and sewage treatment plants within
urban and suburban areas. However, the proximity of such plants to residential
areas may contribute considerably to the airborne microorganism concentra-
tions in these areas.®!? Exposure to large concentrations of dust during the
handling of domestic waste has previously been reported in other countries.'-13
Air in waste transfer stations in the United Kingdom has been shown to contain
10°~10° cfu bacteria/m? of air, including 10°-10° cfu Gram-negative bacte-
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ria/m*.'"12 However. exposure of employees and local populations to emissions
from waste disposal facilities has never been evaluated in Mexico. There are
15 domestic waste transfer stations operating in Mexico City and another 10
are planned. As with any industrial plant, the potential occupational and envi-
ronmental health risks associated with the operation of waste treatment plants
must be evaluated if methods are to be developed which will minimize related
environmental and occupational health problems.

This investigation was designed to measure concentrations of both meso-
philic bacteria and fungi in the air during the handling of domestic waste, and
to compare these with levels outside the transfer station.

I1l. MATERIALS AND METHODS

A. WASTE TRANSFER STATION

The site used in this study was a roofed waste transfer station without
walls, "Central de Abastos," situated in the northeastern part of Mexico City
(Figure 1). The site covers an area of about 900 m? where about 2000 tons
of waste per day are handled. The area surrounding the station is almost flat,
with prevailing wind from the northeast. There is open pasture with small trees
to the south and the west, and residential areas to the north and the east. Waste
is collected from domestic and commercial premises and taken to the transfer
station in specially designed vehicles. At the station the waste is compacted
into bulk containers for transport to landfill sites.
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FIGURE 1 Location of sampling site.
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B. SAMPLING SITES
Working environment. Sampling sites were selected to represent different
work activities. These included:

Inside the station
. Next to garbage trucks during unloading

. Next to bulk containers during filling
. Lunch room

W =

Outside the station

4. 50 m downwind of the station
5. 20 m upwind of the station (Figure 1)

C. AIR SAMPLING

Air was sampled on 12 occasions at each site using two-stage Andersen
samplers (Andersen Samplers, Inc., Atlanta, GA). Orifice diameters for stages
1 and 2 were 1.5 and 0.4 mm. The sampler was operated for 5 min at 28.3
l/min, and was mounted on a 2-m high tower, facing into the wind. The
Andersen samplers were loaded with plastic Petri dishes containing 20 ml of
either trypticase soy agar (TSA) (Difco Laboratories, Inc.. Detroit, MI) for
bacteria or malt extract agar (MEA) (Difco) for fungi. Meteorological param-
eters and the atmospheric stability were recorded outside of the station.

TSA plates were incubated at 35°C for 48 h and MEA plates at 25°C for
72 h. Colonies on each plate were counted. and counts were transformed to
account for multiple deposition of particles at single impaction sites and
expressed as cfu/m? of air.'*

Representative fungal colonies were transferred to Difco potato dextrose
agar (Alternaria, Cladosporium), Difco Czapek agar (Penicillium, Aspergil-
lus), and Difco yeast extract glucose agar (yeast) media'*-'7 and incubated at
25°C for 72 h before identification. Each sporulating fungus was identified at
least to the genus level. All bacterial colonies were transferred to Oxoid violet
red bile glucose agar (VRBG), and incubated at 37°C for 48 h. The suspect
Salmonella colonies were plated on the selective isolation medium, Salmonella
Shigella agar (SS agar Difco). Representative colonies from both VRBG and
SS agar plates were isolated and identified using standard biochemical tests
(ID-GNI Biotest. Biotest Diagnostics. Frankfort, Germany).

IV. RESULTS

At the transfer station, where waste was being handled, all deposition
sites on the Andersen sampler plates were frequently occupied. when isolating
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bacteria and fungi (Table 1). Where plates were overloaded. colony counts
may have been understimates so that geometric mean values are shown as
being greater than (>) the indicated value. Geometric mean concentrations of
particles carrying one or more viable bacteria at the three sites ranged from
5000->9100 cfu/m? of air and of those carrying Gram-negative bacteria from
170460 cfu/m®. Geometric mean concentrations of particles carrying viable
fungi ranged from 3700->9050 cfu/m’. Of these, 2300-7000 cfu/m* were
Penicillium spp. In general, the temperature during sampling was close to the
maximum temperature for the day, with light winds and unstable or neutral
conditions (Table 2). Upwind and downwind concentrations were smaller than
at the transfer station (Table 1). Upwind. the geometric mean concentrations
of bacteria and fungi were 270 and 75 cfu/m’. respectively. Bacteria and fungi
downwind of the transfer station were more numerous (1115 and >1300
cfu/m?, respectively) than those upwind. Gram-negative bacteria formed a large
percentage (14-21%) of the total bacteria at the transfer station sites but only
1-3% outside the station. This was also the case for Penicilliim which accounts
for more than 70% of the total fungal colonies at the transfer station, but for
less than 45% outside the station. Usually, more than 50% of Penicillium cfu
were in the respirable fraction (lower stage of the Andersen sampler) (Figure
2) at both transfer station and downwind sampling sites, while most Gram-
negative bacteria were in the nonrespirable fraction (top stage).

Total fungi Penicillium Total bacteria Gram negative bacteria
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FIGURE 2 Concentration (arithmetic mean) of respirable and nonrespirable fungi Peni-
cillium, total Bacteria, and Gram-negative bacteria.

The ditferent genera of fungi that were isolated are listed in Table 3.
Penicillium was usually the predominant colony type. However Alternaria and
Cladosporium were also frequently isolated at the upwind site. Also listed in
Table 3 are genera of Gram-negative bacteria that were isolated. Enterobacter
predominated. being present in 78% of samples and forming 18% of the total
Gram-negative bacteria counted. Salmonella was isolated from 14% of air
samples in the transfer station but was found in small numbers only. Suggested
limit values for concentrations of bacteria'®!'¥ of 2500 and 5000 cfu/m* of air
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TABLE 2 Meteorological Parameters and Atmospheric Stability
during the Sampling Period

Daytime Relative ~ Wind

Air Max. Temp.  Humidity ~ Speed Atmospheric *

Date Temperature Q) (%) (m/s)  Stability Index**
22 Aug 89 25 26 514 0 1
28 Aug 89 22 25 60.0 0 2
06 Sep 89 22 22 55.1 0 2
19 Sep 89 21 22 71.7 4 3
29 Sep 89 20 22 52.5 3 2
11 Oct 89 22 22 43.5 4 3
19 Oct 89 15 17.5 60.7 0 -
27 Oct 89 21 26 47.8 0 2
06 Nov 89 22 27.5 48.8 2 2
14 Nov 89 23 26.8 39.6 0 2
23 Nov 89 17 20 62.4 2 -+
01 Dec 89 17 21.2 55.8 2 4

were exceeded in 90 and 25% of samples, respectively (Figure 3), and limit
values of Gram-negative bacteria® of 1000 cfu/m?® were exceeded in 35% of
samples.

V. DISCUSSION

This survey shows that a range of bacteria and fungi can be aerosolized
when handling domestic waste. Many of the reported concentrations, espe-
cially in the transfer station are underestimates due to overloading of the
Andersen plates.?’ Also, sampling was usually done during maximum daytime
temperatures, when atmospheric conditions are most unstable, which could
also affect recoveries.

To evaluate the contamination levels of these sampling sites, it is necesary
to compare the results with published standards. Boutin et al.'s suggested an
upper limit of 2500 cfu airborne bacteria/m® of air was acceptable. However.
5000 cfu/m? has been recommended as a level indicating an abnormal source
of bacteria in indoor environments.'? With respect to Gram-negative bacteria,
Rylander et al.,’ studying endotoxin and related symptoms among compost
workers, suggested a maximum of 1000 Gram-negative cfu/m? for safe work-
ing conditions. A large proportion of the concentrations measured within the
transfer station exceeded these standards, indicating a high level of contami-
nation.

Respiratory symptoms, abdominal pains, and diarrhea have often been
reported by domestic waste transfer station workers.!'?! These symptoms can
be caused by Gram-negative bacteria, such as Enterobacter cloacae, Escher-
ichia coli, and Citrobacter freundii, which have been shown to be toxic to
experimental animals inhaling 2.5 x 10 bacteria/m?, over a 40-min exposure
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TABLE 3 Isolation and Abundance of Identified Gram-Negative Bacteria
and Fungi in Air Samples from the Transfer Station

Frequency of Isolation (%) Abundance (cfu/m*)"
Genera Station® Downwind  Upwind  Station® Downwind  Upwind
Fungi
Alternaria 5 17 100 2 4 20
Aspergillus 47 42 92 393 34 "
Cladosporium 17 75 83 36 400 14
Monilia 95 100 33 54 40 1
Penicillium 100 100 100 7760 2975 21
Rhizopus 78 67 17 40 32 1
Yeasts 22 42 8 262 a9 1
Others 36 83 17 259 672 7
Bacteria

Acinetobacter 70 42 — 124 7 —
Actinobacillus 17 25 — 42 2 —
Alcaligenes 39 25 20 33 2 0.2
Citrobacter 44 18 — 74 3 =
Enterobacter 78 35 20 163 12 0.5
Escherichia 58 42 20 91 6 0.2
Flavobacterium 31 8 20 36 1 0.5
Hafnia 44 33 40 11 3 1
Klebsiella 28 17 — 30 1 —_
Proteus 8 — — 14 —

Pseucdlomonas 22 8 - 16 1 =
Salmonella 14 — —_ 7 = —
Serratia 50 18 — 91 5 —
Yersinia 25 — — 19 - —
Others 61 25 10 103 6 0.5

2 Percentage of samples containing each taxon.
b Concentration (arithmetic mean) of isolates classified within each taxon.
¢ Average of the 3 sampling sites located in the station.

period.?>* All three species were frequently isolated from the air of the transfer
station. Moreover, enteropathogenic bacteria, such as Salmonella, were recov-
ered from 14% of samples collected close to the lunch room. Its occurrence
may have been related to the handling of diapers, which formed 20-30% of
the bulk of the domestic waste.

Since particle size plays an important role in lung penetration and reten-
tion. the aerodynamic sizes of particles were deduced from the distribution of
colonies recovered in the two-stage Andersen sampler. In general, 50 to 60%
of fungal-containing particles, including Penicillium, were collected on the
lower stage and were of a size that could penetrate into the lower airways.*
This result was similar to that of another study done in houses.”® Moreover
Penicillium, a potential allergen, comprised 75% of the total airborne fungi
collected during the handling of the waste. Because of the high concentrations
found. we think that these bioaerosols probably constitute a risk to the health
of the workers at the station and of the neighboring population.
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FIGURE 3 Occurrence of airborne concentration exceeding 2500 and 5000 total bacteria
or 1000 Gram-negative bacteria/m’ of air.
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