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A B S T R A C T

The washing of vehicles used to collect Municipal Solid Waste (MSW) requires 400–500 L of water for each
vehicle, producing effluent with characteristics similar to the leachate from young sanitary landfills. The
treatment process commonly used for this type of effluent is coagulation/flocculation. In this study, effluents
from three sites were submitted to physicochemical treatment alone or combined with anaerobic biological
treatment. Physicochemical treatment has better results with effluents with high total suspended solids (TSS)
content. For effluents with low TSS concentrations, this treatment has high turbidity removal but low chemical
oxygen demand (COD) removal. The anaerobic biodegradability and the methane generation potential from raw
effluents or after physicochemical treatment were evaluated with and without nutritional supplementation. The
effluent after physicochemical treatment does not require nutritional supplementation, obtaining 92% COD
removal (final COD of 168mg/L) and specific methane production of 150.6mL methane (STP)/g CODremoved. A
comparison of operational cost between the physicochemical and anaerobic biological processes for treating
20m3/day of effluent showed that the latter, in addition to presenting low cost, can generate up to 13.5 kWh/
day for the MSW collecting company.

Introduction

The increase in world population and the high degree of urbaniza-
tion confirm the need for proper management and disposal of municipal
solid waste (MSW). In addition, population growth leads to increased
food production, which generates large amounts of waste originating
from crop, livestock, poultry, and pig farming, among others, which
require environmentally appropriate treatment [1,2].

Reducing the release of pollutants in the environment to mitigate
their effects on fauna and flora, in addition to energy recovery from
waste, has been studied worldwide and shown to be promising [3–5].
Biogas generated from the anaerobic digestion contains 35–65% me-
thane and can be used to produce heat and/or electricity and as fuel for
vehicles, requiring different levels of treatment according to the in-
tended application [6–8]. In addition to its potential for electricity
generation and competitiveness in relation to the main fuels used in
industry, the use of biomethane can help reducing the greenhouse ef-
fect. According to the United States Environmental Protection Agency,

pound for pound, the comparative impact of methane on climate
change is more than 25 times greater than carbon dioxide over a 100-
year period (http://www3.epa.gov/climatechange/ghgemissions/
gases/ch4.html).

Between collection and final disposal of MSW, there is a time gap of
up to 24 h. During this time, the biodegradation process of the organic
fraction of this waste begins, releasing a liquid with high pollution
potential and unpleasant odor. To clean and reduce the odor of garbage
trucks, they are washed daily in the garages of MSW collection com-
panies. This procedure generates effluent with characteristics similar to
leachate produced in young sanitary landfills, which contain con-
siderable concentrations of biodegradable organic matter [9].

Such effluents are generally directed to physicochemical treatment
in order to achieve discharge standards, and in some rare cases, reuse
quality for trucks washes [10]. Physicochemical methods include air
stripping, precipitation/coagulation/flocculation, chemical oxidation
processes, activated carbon adsorption, membrane processes (micro-
filtration, ultrafiltration, nanofiltration, and reverse osmosis), ion
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exchange, electrochemical treatment, and flotation [10]. Among these
methods, coagulation-flocculation is widely used as a relatively simple
technology, which employs abundant and low cost chemicals, and is
reliable, since operating conditions are optimized to take into account
wastewater content [11].

Most particles suspended in wastewater have a negative charge,
which causes them to suffer an electrostatic repulsion as they approach
each other. This repulsion does not allow particles to agglomerate,
causing them to remain suspended. Coagulation and flocculation occur
in successive steps intended to destabilize the charges of the particles.
Coagulants with charges opposite to those of the suspended solids are
added to the water to neutralize the negative charges on dispersed non-
settable solids. Once the charge is neutralized, the small-suspended
particles are capable of sticking together. A high-energy, rapid-mix to
properly disperse the coagulant and promote particle collisions is
needed to achieve good coagulation and formation of the microflocs.
Following coagulation, flocculation, which is a gentle mixing stage,
increases the particle size from submicroscopic microfloc to visible
suspended particles. The microflocs are brought into contact with each
other through the slow mixing process. The floc size continues to build
through additional collisions and interaction with inorganic polymers
formed by the coagulant or with organic polymers added. Once the floc
has reached its optimum size and strength, the water is ready for the
separation process (sedimentation, floatation, or filtration) [11].

Even though coagulation/flocculation processes require skilled op-
erators, present continuous consumption of chemicals and electricity,
and generate sludge that must be properly disposed [11], MSW col-
lection companies still prefer coagulation/flocculation to treat the
generated effluents. Thus, in these facilities, the effluents are not
treated by anaerobic biological processes, which have advantages
compared with physicochemical treatments such as biogas production
that can be recycled, smaller amount of sludge (biomass) to be dis-
carded, and mainly, lower power consumption and thus lower oper-
ating costs [8,12].

This study aimed to compare efficiency and operational cost of
physicochemical and anaerobic biological treatments of water used to
wash garbage trucks that collect municipal solid wastes (MSW). The
potential for power generation from biogas was also estimated, which
can be used in the treatment unit of the waste collecting company.

Materials and methods

Origin, sampling, and characterization of effluents from the washing of
garbage trucks used for MSW transport

The study was conducted with effluents generated in three MSW
collection and transportation companies, herein after called sites A, B,
and C, whose data are in Table 1. The companies consume 17–21m3 of
water per day, obtained from the drinking water supply network and
their Wastewater Treatment Plant (when the quality of the treated ef-
fluent allows reuse).

The truck cleaning process consists of the following steps: sweeping
bucket and segregation of solids, degreasing of equipment with de-
tergent, rinsing with clean water, and lubrication. The effluent gener-
ated goes to a Wastewater Treatment Plant (on site or in a Waste
Treatment Center) composed of equalization tank for load homo-
genization (only on C site); screening and grit chamber for retention of
coarse solids and to prevent unwanted deposits in the subsequent
treatment compartments (only on C site); water/oil separator, coagu-
lation/flocculation, and sedimentation tank (common steps in the three
sites); sand filter (only on site A); tank for disinfection with sodium
hypochlorite; and tank for storage of treated effluent. Solids separated
in the treatment are sent to a public or private company for sanitation.

Grab (sites A and B) or composite samples (site C) of effluent were
collected at the exit of the water/oil separator (sites A and B) or in the
equalization tank (site C). Effluents were transferred to polypropylene

containers and stored at 4 °C until analysis. Effluents were characterized
in terms of pH, total organic carbon (TOC), biochemical oxygen de-
mand (BOD5,20), chemical oxygen demand (COD), alkalinity, volatile
acidity, chlorides, sulfates, oils and greases (O&G), total and ammonia
nitrogen, total phosphorus, and total and volatile suspended solids,
using methods described in item “Analytical methods”.

Physicochemical treatment of effluents

Physicochemical treatment was evaluated with effluents from sites
A and C to suit different purposes. In effluent from site A, physico-
chemical treatment was applied to remove TSS and O&G present at high
concentration in order to adapt the effluent to subsequent anaerobic
biological treatment. In effluent from site C, physicochemical treatment
was applied to obtain final effluent with reuse quality. Fig. 3 shows the
sequence of unit processes studied for effluents generated in sites A and
C.

Coagulation/flocculation tests were carried out in Jar Test with 1 L
beakers containing 300mL of effluent, ferric chloride (FeCl3 38% w/w),
and polyaluminium chloride (PAC 12% w/w). After adjusting the pH to
the desired value with NaOH 0.1mol/L, the mixture was stirred at
120 rpm (2 s−1) for 1–5min, and the stirring speed was reduced to
40 rpm (0.67 s−1) for 20–60min, followed by a rest period of 1 h for the
sedimentation of flocks. After this period, a supernatant sample was
collected for analysis.

To determine the coagulation/flocculation pH, pH values between 4
and 9 were evaluated by fixing the FeCl3 and PAC concentrations. To
determine the optimal coagulant concentration, FeCl3 concentrations
from 5 to 550mg/L were evaluated, while maintaining the PAC con-
centration and the pH indicated in the previous step. By fixing the FeCl3
concentration at values shown in the last assay, the PAC concentration
varied from 12 to 120mg/L. All assays were conducted in duplicate,
and the process efficiency was determined by turbidity analysis and
COD of the supernatant, presented as mean values.

Coagulation/flocculation tests were carried out in batches, with a
total duration of 1.4 to 2 h, depending on the agitation conditions
employed (1min for pH adjustment +1–5min for coagulation
+20–60min for flocculation +60min for sedimentation).

Table 1
Characteristics of MSW collection companies and effluents generated in the
washing of MSW collection vehicles.

Site A Site B Site C

Characteristics of companies
Number of collection vehicles 50 47 33
Carrying capacity (t MSW/trip) 8–19 8–19 9
Water consumption (L/vehicle) 400 450 400–500
Water consumption (m3/d) 20 21 17

Characteristics of effluents
pH 6.5 6.7 6.0
Total alkalinity (mg CaCO3/L) 718 150 na
Volatile acidity (mg HAc/L) 1044 65 na
Total COD (mg/L) 2433 2307 21,734
Soluble COD (mg/L) 1749 472 na
BOD5,20 (mg/L) 1443 934 1455
Oils and Greases (mg/L) 1117 11 2101
Total nitrogen (mg/L) 34 5 na
Ammonia nitrogen (mg/L) 33 0.5 na
Total organic carbon (mg/L) 642 160 na
Total phosphorus (mg/L) 0.6 0.3 na
TSS (mg/L) 785 638 17,410
VSS (mg/L) 424 482 na
Turbidity (NTU) 163 na na
Chlorides (mg/L) 337 35 na
Sulfates (mg/L) 5 16 na

na= not available.
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