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Abstract: Jakarta is the capital city of Indonesia and generates waste at a rate of 6,500 tons/day. A key element
in Jakarta’s waste management system is solid waste transfer stations which, due to land shortage, are usually
located in the vicinity of residential areas. In a densely populated area with limited land availability, solid waste
transfer stations could potentially be a source of elevated bioaerosol concentrations. The objective of this
research was to study the impact of solid waste transfer stations on bioaerosol concentrations on surrounding
areas. In this study, an assessment of bioaerosol concentrations around the solid waste transfer stations
revealed that the transfer station is a source of bioaerosol emissions due to the agitation of wastes resulting
from turning and compacting them during loading to dump trucks. Solid waste generation and composition were
analysed by ASTM D5231-92 and SNI 19-3964 1994 while bioaerosol concentrations were analysed by a single-
stage impactor. Results showed that the bioaerosol concentrations in the transfer stations and surrounding
areas were well above the reference concentrations of background residential areas in Jakarta. The method of
wastes handling during collection makes a significant difference in the resulting levels of bioaerosol
concentration.
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INTRODUCTION into rivers and drains caused and continues to cause,

Municipal solid waste management has become one contributing to the problem are the limited capacity of the
of the main public concerns in Jakarta, Indonesia. During main landfill area in the Bantar Gebang, which can only
the last 20 years, several solid waste management accommodate 6000 tons / day and the limited availability
programs have been implemented in collaboration with of land for the appropriate placement of transfer stations
various international agencies. However, certain technical, in communities with densely populated areas. Like many
institutional, economic and social factors have resulted in big cities in developing countries, municipal solid waste
the failure to achieve sustainability of the  programs  [1]. management in Jakarta relies on a conventional “collect-
With a population of more than 10 million in a total area of haul-dispose” system. This means solid wastes are
660 km , the significant increase of solid waste generation collected and transported to the transfer stations and / or2

has created  both   environmental  and  health  problems. a final disposal site by manual labor with non-specialized
In 2007 for example, only 14,700 m out of an average of trucks [1]. Transfer stations are one of the key elements in3

23,400 m  solid waste generated per day (equal to 63%) the solid waste management system in Jakarta. Since there3

could be disposed of by the Jakarta Cleansing Department is no systematic recycling program available, informal
[2]. By 2009 official reports claimed that this condition had workers as well as solid waste truck drivers usually have
improved with about 96% of the total solid waste being the right to collect recycleable materials at the temporary
collected [3]. The remaining uncollected solid waste, solid waste collection stations. Solid wastes are managed,
however, typically ended up in empty lots, rivers and transferred, transported and disposed of by the Jakarta
drains, or simply burnt by households in their permanent Cleansing Department, or by appointed contractors, from
bins. Consequently, the increase in solid waste dumping provincial up to council (locally called kelurahan) levels.

regular flooding in many parts of the city. Other factors
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In residential areas, a neighborhood community handlings have an impact in bioaerosol concentrations in
association on a voluntary basis usually manages solid the surrounding area. The first part of the paper presents
waste. the condition of the research location, including current

During temporary collection, organic wastes undergo waste management practices and the research
a natural decomposition process. With an average methodology,   including  the    method   for  measuring
temperature around 26° to 28°C and humidity between the  capacity   of   the   solid   waste   transfer   stations
72% and 84% all year long, early decomposition can and  the  characteristics  and composition of solid waste.
happen easily  with  mesophilic/thermo-tolerant  fungi and In addition, the paper focuses on the bioaerosol
bacteria [5]. Principally yeast, molds and acid-dominant concentrations in the surrounding area of the solid waste
bacteria become the dominant and active  degraders of transfer station. The paper then draws conclusions and
fresh organic waste [6-8]. Human eexposures to different makes recommendations that could be applied to minimize
types of air pollutant including microorganisms can exposure of bioaerosol to both employees of the transfer
potentially cause ill health in the people exposed either by stations as well as residents in the surrounding area.
infection, allergy or adverse response to toxins [9-23].
Microbial components include fungi (such as Aspergillus Research Location: In this study, two solid  waste
fumigatus, Cladosporium spp., Alternaria spp.), bacteria transfer stations and three background residential areas
(such as Pseudomonas spp., Klebsiella spp., Pantoea were chosen as sampling locations. The transfer stations
agglomerans   and  Rahnella  spp.),  actynomycetes are located in Bukit Duri and Manggarai,  South  Jakarta
(such as Saccharomonospora spp., S. Viridis, as shown on Fig. 1, while the locations of the three
Thermomonospora spp.) [14]. These types of air borne residential areas selected for background sampling are
microorganisms aggregate with other components such as outside of the detail map. Typically the solid waste
glucans, mycotoxins and endotoxins to form bioaerosols transfer stations are located close to certain community
which are emitted into the surrounding environment activities such as traditional markets, schools, or
during waste management practices. For example, residential areas. Solid wastes are temporarily collected
previous studies found that  bioaerosol  concentrations from these stations prior to transferring to the landfill.
are approximately 10 -10  CFU/m  at solid waste collection The Bukit Duri transfer station is close to the Bukit3 4 3

[16, 17]. Different types  of  composting  activities  such Duri traditional market in the Bukit Duri Sub-District,
as delivery of waste, sorting, shredding and turning of South Jakarta, while the Manggarai transfer station is
compost heaps and compost screening can cause located in Manggarai Sub-District, South Jakarta (Fig.1).
bioaerosols to rise continually around the composting The Bukit Duri transfer station area measures 73 m and
facility [14, 18, 19]. A previous study found that the Manggarai station area is 168 m . Both of the transfer
bioaerosol concentrations at a composting facility could stations collect wastes from both nearby traditional
reach 10 to 1000 times more than the concentrations in markets and surrounding residential areas. Bukit Duri and
normal background conditions. In addition bioaerosol Manggarai Sub-Districts both have a population density
levels in a residential neighborhood about 500 m of around 40,000 per km  [3]. Waste collections from
downwind of the composting site were about 20 times households are managed by informal community
higher than background concentration levels [19]. organizations, while waste collections from traditional

To date, there have been no studies conducted to markets are managed by the Jakarta Cleansing
document bioaerosol concentrations surrounding solid Department. After collection, all solid wastes are
waste transfer stations in Jakarta although many of the accumulated in the transfer stations. The workers at the
stations are located in the vicinity of densely populated solid waste transfer  stations  informally  sort  all
residential areas. The main objective of this study was to recyclable materials and sell them to small scrap dealers
investigate bioaerosol levels in residential areas (locally known as lapak). In Manggarai, remaining wastes
surrounding a solid waste transfer station. By comparing (mostly organic) are placed in plastic bags and sacks and
bioaerosol concentrations in the two transfer stations then stored for a maximum of 3 days, while at Bukit Duri
with the concentrations in the background residential solid wastes are thrown directly into truck containers until
areas, the study was expected to (1) determine a they are full and then stored for a  maximum  of  2  days.
correlation between elevated microbial concentrations All stored wastes are transported to the Bantar Gebang
with emissions from solid waste transfer stations, (2) landfill which is located around 40 km to the east of
determine whether different transfer station capacities and Jakarta.

2
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Fig. 1: Location map of Manggarai and Bukit Duri transfer stations [21]

Methodology: Prior to measuring bioaerosol volume of waste was determined by counting the number
concentrations, preliminary studies were conducted to and size of handcarts coming to the transfer station per
determine the capacity of each transfer station and the day.
composition and moisture of the solid waste.

Solid Waste Capacity of Bukit Duri and Manggarai composition are determined by the ASTM D5231-92 [25]
Transfer   Stations:   There  is  no  operational standard and the Indonesia National Standard 19-3964 1994 [26].
for  solid   waste    transfer    stations     at   community Study samplings were conducted at each transfer station
level in Jakarta. The transfer station areas are mostly for a period of 3 days within a 3 week timeframe.
occupied  with   waste    and    equipment  storage, room
for  workers  and  recycled   material   awaiting  buyers. Solid Waste Moisture Content: The moisture content was
The storage is in the form of either a container with a determined by the dry method where 50-70 grams of waste
volume of approximately 10 m  or an open  concrete  bin samples were taken and subsequently heated at a3

with a volume of about 6 m . During this  study,  the temperature of 105°C for 3 hours. The moisture content3

capacity of the transfer station was determined by the was calculated as the difference between the original wet
load-count analysis method over a period of 6 days. The sample weight and the dry weight after heating.

Solid Waste Composition: Solid waste generation and
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Sampling Points and Measurement of Bioaerosol (Kimia Farma 2011) in 1 liter of water while the bacteria
Concentration: In each research location, sampling points were isolated using Trypticase Soy Agar (Oxoid 2011).
of bioaerosol concentration were determined from inside The plates were then incubated at 25°C and 35°C for fungi
to outside the transfer station at distances of 0, 10, 20 and and bacteria, respectively. The colonies growing on both
50 m in a generally downwind direction. In each of the media were enumerated and calculated.
sampling points, eight samples were collected: four
samples for bacteria and four samples for fungi. All of Measurement of Air Physical Parameters: All samples
these samples were collected at the same time and on the were taken during the transition between the dry and
same day in order to maintain the same weather rainy seasons. Wind speeds, air  humidity  and
conditions. Additionally, air samplings were also taken at temperature were recorded by thermal anemo-higrometer.
the three background residential areas of West Tebet, The parameters were taken at various distances from the
East Tebet and Gudang Peluru. As none of these areas microbial sampling station.
includes a nearby solid waste transfer station, the air
sampling results from these areas were assumed as air Data Analysis: Data were analyzed using the statistics
quality references without influence from solid waste method to find mean, median, maximum, minimum and
decomposition. average bioaerosol concentrations.

The measurements of bioaerosol (fungi and bacteria)
concentrations were performed using a single-stage multi- RESULT AND DISCUSSION
orifice microbial sampler, the method recommended by the
American Industrial Hygiene Association [27]. Samples Capacity and Waste Composition at Transfer Stations:
were taken on the last day of the solid waste storage From surrounding neighborhood and market areas, wastes
period in the transfer station and during organic waste are collected in the daytime using handcarts with a
loading into dump trucks. The microbial samplings were capacity of 2 m . The wastes are poured into a tipping area
conducted at 0, 10, 20 and 50 m as previously described. where workers separate potentially recyclable wastes
The rate of the vacuum pump was 28.3 liters / minute. such as paper, cardboard boxes and plastic bottles by
Fungi were isolated using a Malt Extract Agar (Oxoid putting them in separate sacks. Remaining wastes are
2011)  mixed   with   0.1   gr   antibacterial  chloramphenicol stored in an open steel container (Fig. 2).

3

Fig. 2: Handcart, open steel container and truck for collecting and transporting solid wastes
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Fig. 3: Average distribution of bacteria (a) and fungi concentrations (b)during storage and transportation day at the
Bukit Duri solid waste transfer station

Fig. 4: Average distribution of bacteria (a) and fungi concentrations (b) during storage and transportation day at the
Manggarai solid waste transfer station

Table 1: Solid waste volume and composition at Bukit Duri and Manggarai solid waste transfer stations
Capacity (kg/day) Composition (%)
---------------------------- --------------------------------

Temporary solid waste collection station Max Min Average Organics Inorganics Moisture Content (%)
Bukit Duri 682.8 581.3 626.7 81 19 68
Manggarai 1890.9 1784.9 1831.1 71 29 52

The capacity and solid waste composition at Bukit loaded into dump trucks. Figures 3 and 4, respectively,
Duri and Manggarai  transfer  stations  are  shown in illustrate the bacteria and fungi distribution around Bukit
Table 1. The Manggarai transfer station has  a  greater Duri and Manggarai which tended to decline at various
capacity because its service area is more than twice that distances away from the transfer stations indicating the
of Bukit Duri. At both locations, the composition of waste dispersion and dilution processes. In areas less than 10 m
is mainly organics (81% at Bukit Duri and 71% at from Manggarai and Bukit Duri stations, bacteria
Manggarai) with the moisture content higher at Bukit Duri concentrations exceeded 3500 CFU/m while fungi
(68%) than at Manggarai (52%). concentrations were 2000 CFU/m , much higher than

Distribution of Bioaerosol Concentration: The residential areas (Table 1).
measurement of bioaerosol concentrations in both Bukit A natural decomposition process requires a high
Duri and Manggarai transfer stations were conducted in level of activity of microorganisms. The amount of
two stages on two separate mornings: during storage with microorganisms will continue to increase until almost all
no loading and transportation activities and during organic matter breaks down [3, 6, 13]. Although both
loading time when sacks and solid waste residues were transfer    stations    have   different   solid   waste  organic

3

3.

bacteria and fungi concentrations in the background
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Fig. 5: Different handling and processing of solid waste in the Bukit Duri which are left open without cover material (a)
and in the Manggarai which are placed into sacks or plastic bags (b)

Table 2: Average microbial concentration at background residential area
Residential Background Area
------------------------------------------------------- UK USA USA USA

Parameter Gudang Peluru East Tebet West Tebet Residential* (1988) Residential* (2002) Residential* (1999) Rural* (1996)
Bacteria (CFU/m ) 466 1399 1696 500 - 1500 32043

Fungi (CFU/m ) 254 890 212 1200 930 - 86513

*[8]

capacities and compositions (Table 2), the different in the that transfer stations are the main source of bioaerosol
solid waste handling process result in bioaerosol emissions due to the agitation of wastes that occurs
concentrations ranging from 1000 CFU/m  to 7000 CFU/m during the turning and compacting of wastes when being3 3

(Figs. 3 and 4). At the Bukit Duri transfer station, after loaded on dump trucks. The handling of wastes during
solid waste collection and sorting, the solid waste residue storage makes a significant difference in the bioaerosol
consisting mostly of organic materials are left uncovered concentration not only in the temporary solid waste
until transportation day. In the  Manggarai  station collection station, but also in the surrounding residential
however, residues of solid wastes are put into sacks or area. Placing waste into closed sacks or plastic bags helps
plastic bags and sealed securely on the same  day  the reduce the bioareosol concentration in the surrounding
waste arrives at the station. These findings indicate that area.
solid waste handling and processing are more important Since this study focuses only on the total
parameters for reducing bioaerosol concentrations than concentrations of bacteria and fungi emitted from solid
are the capacity of the transfer station or the composition waste transfer stations to surrounding residential areas,
of the organic waste. it is suggested that further studies are required to identify
 Consequently, the distribution of bioaerosol the species of fungi and bacteria detected at the stations
concentrations at the Bukit Duri and the Manggarai to reduce health risks associated with human exposure to
transfer station is also different. In Manggarai, bioaerosol microbial emissions from solid waste management.
concentration decreases after 10 m from the transfer
station then stabilizes (Figure 4). However, in the area ACKNOWLEDGEMENTS
surrounding Bukit Duri, bioaerosol concentrations are still
high (above residential concentrations in the  UK  and the This study was financed by DRPM University of
USA) even at locations of more than 10  m  away (Fig. 3). Indonesia under contract No. 1175/H2.R12/HKP

CONCLUSION

Providing facilities for solid waste management in a
big city like Jakarta is complex and challenging because 1. Pasang, H., G. Moore and G. Sitorus, 2007.
the amount, composition and characteristics of waste are Neighbourhood-based Waste management: A
very diverse. This assessment of bioaerosol solution for Jakarta solid waste problems in Jakarta,
concentrations around the transfer stations concludes Indonesia. Waste management, 27: 1924-1938.
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