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Abstract

A novel method of road cleaning application for Indian roads has been thought of and developed
a “Simplified Road Cleaning Machine with Modified Technology Suitable to Indian
Conditions”. This equipment can be used for cleaning the long distances and wide width reduces
the human effort, so that the cleaning can be done in a single drive. This system has been used to
clean roads and could clean various forms of papers, covers, food beverages, smooth dust and

unwanted waste noticed on the roads.

It is seen at present that a human pushing machines and cleaning is doing with human effort, and
it is always to be done when roads are operated without traffic. Large machines have been made
to overcome this problem, but it is very costly. In order to make less effort and very efficient

system we can use the scrubbing system.

But scrubbing system is also not possible because of due to large roads, with running traffic. So,
I am having an idea and design. In this design, collection of objects from 250GMS to fine dust
can collect from roads with high efficiency. | hope that it will emerge as a future cleaning

system.
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By using this system, it can be regulated with respective cleaning speed with the speed of the
vehicle. So, it is easy to clean in the traffic also because this system/machine is very efficient at
all speeds. i.e., slow (or) high (or) even at moderate speeds of the vehicle. The cleaning ranges
from the objects to dust. So, it covers all requirements of Indian roads. The system can be filled
with additional accessories and mountings to make it feasible to clean the roads of large width
and the interact corners. Even though this system works on the vacuum cleaner principle its

range of cleaning area, sizes of particles are much larger with low cost.

Literature review

Roads sweeping, either manual or mechanical, has been a normal operation for most
municipalities for hundreds of years with aesthetics and sanitation purposes. Therefore
investigation on street sweepers efficiency have been focused on the minimization of transport of
pollutants (PAH, metals) to receiving waters. Currently, street sweeper types fall into three main
categories: mechanical broom, vacuum-assisted broom and regenerative-air units. Schilling
(2005) provides a list of sweeper manufacturers for US, available models and common
specifications for such equipment. Vacuum-assisted and regenerative air sweepers are generally
better than mechanical sweepers at removing finer sediments, while mechanical sweepers are
better at removing larger debris (FHWA 2007).

The vacuum cleaner was invented by Hubert of England in 1901. As Booth after decades later,
that year he attended "a demonstration of an American machine by its inventor" at the Empire
Music Hall in London. The inventor is not named, but Booth's description of the machine
conforms fairly closely to Thurman's design, as modified in later. Booth watched a
demonstration of the device, which blew dust off the chairs, and thought that " if the system
could be reversed, and a filter inserted between the suction apparatus and the outside air,
whereby the dust would be retained in a receptacle, the real solution of the hygienic removal of
dust would be obtained.” He tested the idea by laying a handkerchief on the seat of a restaurant
chair, putting his mouth to the handkerchief, and then trying to suck up as much dust as he could
onto the handkerchief. Upon seeing the dust and dirt collected on the downside of the

handkerchief, he realized the idea could work.
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A hand-powered pneumatic vacuum cleaner was designed in 1910. An early electric-powered

model is also shown

The first vacuum-cleaning device to be portable and marketed at the domestic market was built
in 1905 by Walter Griffiths, a manufacturer in Birmingham, England. His Griffith's Improved
Vacuum Apparatus for Removing Dust from Carpets resembled modern-day cleaners; — it was
portable, easy to store, and powered by "any one, who would have the task of compressing a
bellows-like contraption to suck up dust through a removable, flexible pipe, to which a variety of
shaped nozzles could be attached.

In 1906 James Kirby developed his first of many vacuums called the "Domestic Cyclone" It used
water for dirt separation. Electric vacuum cleaner by Electric Suction Sweeper Company, circa
1908.

In 1907 department store janitor James Murray Spangler (1848-1915) canton invented the first
portable electric vacuum cleaner, obtaining a patent for the Electric Suction Sweeper on June 2,
1908. Crucially, in addition to suction from an electric fan that blew the dirt and dust into a soap
box and one of his wife's pillow cases, Spangler's design utilized a rotating brush to loosen
debris. Unable to produce the design himself due to lack of funding, he sold the patent in 1908 to
local leather goods manufacturer Henry Hoover (1849-1932), who had Spangler's machine
redesigned with a steel casing, casters, and attachments, founding the company that in 1922 was
renamed the Hoover Company. Their first vacuum was the 1908 Model O, which sold for $60.

Subsequent innovations included the

Beater bar in disposal filter bags in the 1920, and an upright vacuum cleaner in 1926.

Minton et al., (1998) tested a high efficiency sweeper equipped with a strong vacuum coupled
with mechanical main and gutter brooms using a dry system combined with an air filtration
system (down to 2.9 um). The pickup performance for < 63 um range was higher (70%) than
regenerative air sweeper (32%). For the > 63-70 um particle size ranges instead very similar.
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Duncan et al., (1985) tested the performance of an improved vacuum sweeper (ISS) for finer
particles by adding partial hoods to the gutter brooms, and venting air stream through a spray
venturi scrubber. The new vehicle clearly eliminated the dust plume during the sweep and
increased the sediments pick-up efficiency to 80%. As compared with the regenerative air
sweeper, the advantages offered by the ISS were only concerning particles smaller than 500 pum,
since for larger particles the efficiency were similar. Moreover the residual sediments left by the
ISS were constant, independently from the initial load. With respect to the initial PM10 load, the
emission, at the head of the venturi scrubber was within 2-40%, with an average of 10%. No

evaluations were made on air quality.

Captive Hydrology technique was developed to clean airport pavement surfaces

(http://buyersquide.dsvr.co.uk/ profiles/a/associated asphalt/ or http:// www. veegservice.nl/).

The pick-up heads may include a high-pressure washer system followed by intensive vacuum
pressure. Relatively small amounts of water are entrained leaving a nearly dry pavement surface.
Water is recycled within the machine. Mobility is a big advantage, as cleaning can be done
where and when needed. A captive hydrology machine is currently being used as the pollutant
control device for the controversial Cross Israel Highway. The initial application of this
technology was for airport runway resurfacing (rubber and paint removal) to increase skid
resistance and industrial applications where very clean surfaces are required. The City of
Olympia (Washington) has included it in its 2005 budget (Olympia, City of., 2005). However the
Captive Hydrology technique has yet to be reported extensively for routine worn surfaces with
cracks and uneven sections. The units have a high capital cost. In Nevada local protocols
establish to remove residual abrasive within four days following the drying out of the road
surface; during one of these intervals Gertler et al., (2006) could compare emission potential
before and after broom sweeping event. They found a slight increase of PM10 emissions after the
road sweeping. For PM2.5, there was a more dramatic increase after sweeping (from 133 to 211
mg/km). These results are consistent with the study conducted in Idaho by Kuhn’s et al. (2003),
where the authors found by means of TRAKER (testing re-entrained aerosol kinetic emission
from road) an unexpected mean increase of 16% of emission potential after a road sweeping and
vacuuming (Table 2), even if authors indicated a possible displacement of dust, from the curb to

the active lane, induced by the sweeper. They outlined the importance of considering, beside a
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negative effect on the short term, a long term effect of sweeping. Indeed although the sweepers
are ineffective for reducing PM10 road dust emissions in the short term, it may be premature to
conclude that street sweeping has no effect on the urban scale PM10 emission inventory. If street
sweeping can remove large particles, that may evolve into PM10, then sweeping may have a
beneficial effect on air quality over the long term. This mechanism, not examined by the studies
reviewed, should be studied since it may have important implications for the effectiveness of

street sweeping programs in PM10 emission reduction.

Impact of road dust emissions on health

Brunekreef and Forsberg (2005) concluded in a review of a number of epidemiological studies
that ‘there is some evidence for effects of coarse PM on mortality, mostly in arid regions’.
Transition metals embedded in road dust, such as Cu. Fe, Mn, Ni and Ti contribute to the
oxidative capacity of PM (Prahalad et al., 1999; Clarke et al., 2000). Valavanidis et al. (2005)
demonstrated that redox-active transition metals act synergistically with redox cycling quinines
and PAHSs to produce reactive oxygen species, and that particularly ferrous ions in PM play an
important role in the generation of hydroxyl radicals. Schlesinger et al. (2006) indicated that
transition metals such as Cu, Zn, Fe, Ni, Cr and Mn, which may act as redox compounds, are
likely related to PM toxicity. Moreover coarse particles can elicit inflammatory effects (Schins et
al., 2004; Schwarze et al., 2007). Association between high levels of coarse man-made particles
and daily mortality in Barcelona (Spain) has been shown by L. Perez et al. (2008) who also
found a worsening during outbreaks of Saharan dust. In a more recent work L. Perez et al. (2009)
found that cardiovascular and cerebrovascular mortality were associated with increased levels of
both PM1 and PM2.5-10. De Kok et al. (2006) found a positive correlation between the
cytotoxicity of TSP and the sum of transition metal concentrations. A recent study in Sweden,
found that PM10 generated by erosion of road pavement by studded tires provoked an
inflammatory responses in cells as potent as the response caused by diesel particles (Gustafsson
et al., 2008). Comparisons of six European cities (Jalava et al., 2007, 2008; Happo et al., 2007)
evaluated the cytotoxic and inflammatory activities of atmospheric PM in contrasting air

pollution scenarios.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



m SREREI eIl SSN: 2347-6532

Coarse particles showed higher inflammatory effect than the other PM size fractions, especially
in Southern Europe. This high activity for these samples was attributed to the lack of rain, which
may account for the poor washout of road dust and the consequent accumulation of coarse PM

(with high levels of brake pads metals) on the road pavement.

Recent developments

A British company in 2004 released arider, a hovering vacuum cleaner that floats on a cushion of
air. It has claimed to be light-weight and easier to move over (compared to using wheels),
although it is not the first vacuum cleaner to do this the Hoover Constellation predated it by at

least 35 years.

British inventor has developed a new cleaning technology known as Air Recycling Technology,
which, instead of using a vacuum, uses an air stream to collect dust from the carpet. This
technology was tested by the Market Transformation Programmer (MTP) and shown to be more
energy-efficient than the vacuum method. Although working prototypes exist, Air Recycling
Technology is not currently used in any production cleaner.

Scrubbers

Scrubbers are machines used to clean large surface areas such as walkways, roads, factory floors,
and parking areas. Scrubbers can be used in either indoor or outdoor applications, and include
small walk-behind machines and larger, rider-based machines.

Scrubbers use brushes, scrub heads, and squeegees to clean surfaces of dust, dirt, oil spills, glass,
and stains. Scrubbers typically come with a squeegee and vacuum system that effectively
removes much of the water used to clean, leaving the floor almost dry. The vacuum system also
helps to remove small objects and debris as well as draw water back up in to the scrubber. A
scrubber consists of a solution tank that contains a cleaning fluid. Some scrubbers come with
recycling solution tanks that are able to reuse the cleaning solution, minimizing the time needed
to refill the tanks. Scrubbers are also used to sanitize surfaces in medical buildings, biological

and pharmaceutical research laboratories, and production facilities.
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Scrubbers are used to maintain floors in high-traffic public areas such as shopping malls,
hospitals, schools, cafeterias, and office buildings. A hall scrubber is typically a walk-behind
machine that cleans corridors and walkways. A floor scrubber is used to clean factory and
warehouse floors, school gymnasiums, and manufacturing facilities. Scrubbers use electronic

sensors to maintain brush pressure on floors, even on irregular surfaces.

Large scrubbers are used to clean roads and parking lots, and may also incorporate a sweeping
mechanism. A sweeper scrubber machine includes a combination of dry brushes for sweeping up
and removing debris and wet brushes or scrub heads for washing surfaces. A road scrubber is

often used by municipalities for maintaining clean streets and parking areas.

Explanation
It is a system consisting of equipments like

«+ Suction Basin
% Cyclone
s Muffler
s Blower

s Filters

*

+«+ Wet scrubbing system

% Pumping system

X/

% Belt conveyor

*

+«+ Brushing system

+«+ Magnetic system
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Process

This system consists of two suction cups which sucks dust and air through them. Then air flows
through the cyclone, muffler, filter and in to blower. Then the air stream is pushed through wet
scrubbing system and in to recyclable system.

Each and every equipment working and usage in the system are explained clearly below.

Suction Basin
Suction basin contains the area that is used for sucking the particles from the grounds from small

particles to fine dust particles. It is where we can regulate the width of cleaning area. Suction

takes places in the form of recyclable dust cleaning and Suction mode.
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Recyclable mode:

In the recyclable system the air is obtained from blower in to the suction basin. In recyclable
system air enter from one side and air goes to the blower from other side.

Then the moving air carries all the dust particles in the way with high pressure and no air comes
outside the cycle. Due to air strikes the incoming area stuffed dust will be removed from the road

and cannot be done with the regular systems.

Suction type

Suction type model is a system that carries away the dust due to the vacuum created in the
cyclone. In this system it carries the dust particles in the range of all papers to dust.

Based on the requirement the process for the system can be changed it from one mode to other

by using pipe lines and valves.

Cyclone

Cyclone is equipment used to regulate flow and separate dust particles by using swirl motion. To
improve this system, generated swirl motion is designed by using screw type structure in the
cyclone, around the delivery pipe. When flow enters in to the pipe in a swirl structure, regulates
the flow to circulate within the system to get fine particles entrapped in a cyclone. But the
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disadvantage in this system is, it increases the load on the blower. This swirl technology system
can collect maximum amount of dust in to the cyclone. Dust collected in the cyclone can be

removed by using the vent provided in the bottom when cleaning is completed. Care has to be

taken while designing a pitch of swirl screw, which may affect the working of the cyclone,

blower. Regular flow of the system can be damaged when pitch is unequal throughout the screw.

Muffler

Muffler is a device in which baffles (or) walls are placed in the same way as cyclone was altered,
in the previous section the design of muffler is also altered to get required output. Actually
mufflers are used to reduce the sounds produced by the flowing gases, in opposite directions
throughout the flow. This dust cleaning machine is designed to collect fine particles and dust
from flow. Obstacles (walls) in a muffler reduce the flow rate which will be helpful to collect
large amount dust in to it. Plates are joined together to with stand. So, when bottom plate is
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opened to collect the dust from it. Bottom plate is packed with the rubber lining to avoid air

leakage. This system is placed in between the cyclone and the blower in a cycle.

Blower

Blower is a device used to produce air. Actually the air producers are divided in to three types
depend up on the compression ratio. l.e., pressure produced by the equipment. They are

% Fans

% Blowers

s Compressors
Fans are used to produce the pressure up to the 2000 PSI and blowers are used to generate a
pressure up to 12000 PSI and compressors are used for more than12000PSI. Fans and blowers
are designed in the same way but the volume clearance in the fan is more than the blower. So,
the fans can produce high flow rates and low pressures. The blower produces high pressures for
the same impeller. While designing an impellor, the considerations to be taken depending up on
the usage of impeller in the particular situation. These impellor can be designed as the following
according to need.
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Even though the impellors are divided in to three, their design is altered by taking slight change
in the vanes. It leads to drastic changes in the suction; like one type can suck high flow rate with
low pressure and one can suck weighing objects with low flow rate. So, selection of forward
vane system with over bend in the angle can be satisfied. So, it can be used for sucking of heavy

objects with medium flow rates.

EQUIPMENT SPECFIC RATIO PRESSURE RISE
(MM.WG)

FANS UPTO 1.11 1136

BLOWERS 1117012 11362066

COMPRESSOR MORE THAN 1.2 |-
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RADIAL FAN
FARWORD CURVED FAN

BACKWORD CURVED FAN

Filters
This is main part which plays a key role in this system. When sweeping is done on the roads dust
disturbs and floats in the air, which causes air pollutes leads to damage the human lungs. In
order to collect the dust particles filters are used to trap them in a system.

Filters are of many types which are available today in the market. We can select them according
to the requirements. Requirements like space availability, fineness of dust in area of cleaning,

cost, and effectiveness. They are like

«» Bag filters
«+ Lobe filters
% Sac filters

s Paper filters
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< Grill filters

% Sponge filters

Filters are specified by fineness of the dust particles that can obstruct in microns. When we go
for the industries bag filters are being used, made up of cloths and fiber to collect fine particles.
In blowers section it will be grill system. When speaking about dust cleaning machine we are
satisfied with sponge type of filters. In this system sponges are used as filters. Sponges
consisting of small spores through which air flows and dust particles are obstructed through it.
Maintenance of this system is very less when compared to other systems because of particles
entrapped in the sponge can be removed by using a splash of air on it. When a pressurized air is
intended to flow through filters dust particles are removed. In cleaning machine blower is being

used which will produce the pressurized air to clean it. So, the total maintenance cost reduces.

Wet scrubbing system

The name says the entire working system of a machine. This system consists of a pump which

pumps the water by sucking from the sump. Strainer is being used at the sucking point to restrict
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the entrance of soiled particles. This pressurized water is used to regenerate the mechanical
energy which is used to rotate brush placed in front of the whole system. Outlet of turbine (which
is placed in the brushing system) enters in to the pipes which act as a shower. Waterfalls as a
small droplets from the top and air flows the vice-versa. The water droplets catch the fine
particles and falls in to the sump. The process is continuous till the end of the cleaning.

Water is drained after the entire process of cleaning is completed (as per the given flow rates,

hours of working sump capacity, etc). In order to use the re circulated water we have to use the

equipment named as “filter press”. But due to lack of space and energy we have to change water

regularly.

Pumping system

As explained in the before section the pump works on the power generated by the vehicle. Pump
shaft is coupled with the shaft connected to the bull gear shaft. The change in the drivers speed
regulates the pumping speed. The speed required is fixed by using the ratio of coupling. This
pump used should be at most efficient condition, because it has to move the brushing shaft with
mechanical energy. It will reduce the complexity in a structure and cost of bearings. Normally
we choose the pump specifications depending up on the head or pressure. Head and pressure are
related to each other by 10MTS of head is equal to 1 kg of pressure. In the same way the
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horizontal running of 10MTS is equal to the IMT head. R.P.M of the pump should be high in
order to work efficiently. Medium and low speeds R.P.M cannot produce the required effects.
Belt conveyor

Belt conveyor is equipment used to carry the objects from one place to another through the belt.
In this system we use the belt conveyor to move the objects (or) to move collected dust in to

hopper.

Objects are pushed by the brush which is in front of the belt conveyor. Belt carries object from
brush to hopper placed on the top. This belt conveyor can be made up of many materials like
wood, metals, rubber, nylon ropes, etc. Design of this belt conveyor is to be in such a way that
the belt should contact a road at a single point to collect the objects. Belt should be nearer to

brush as it was touching to work effectively. It should carry away the loads, papers, stones,

covers, etc. (heavy particles that are on the roads).

Brushing system
Brushing system is a part which is used to brush the roads to collect the object. Size of the brush
should be cleaning width of the vehicle. Cleaning area can be extended by using the various

brushes placed in front of the main brush. They are placed outside and in front of the main roller
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brush to push outside dust in to main brush. Main brush pushes it in to the belt conveyor and it

goes to hopper. So, brush plays a key role in the cleaning of the heavy objects.

Magnetic system

Magnets are used in front of the vehicle to collect iron particles on the roads.

Nails are main cause of patches for the vehicles. So, they must be removed from the roads. Large
powerful magnet with the width of the cleaning stroke is placed in front of the vehicle to collect

magnetic objects.

Calculations

This system is carried out by the driving shaft connected to the bull gear shaft of the vehicle. We
can normally use all types of vehicles which can produce more than the requirement power of the
system. We have to convert the required horse power (H.P) in to the cubic centimeter (C.C) and
then select the amount of required powered vehicle. We should add the required C.C of the
system to the required C.C of free moving vehicle and C.C for the load carrying backside of the

vehicle i.e., when we put it in to the equation we can obtain a equation as

Horsepower Formulas
Air Horsepower = CFM X TP/6356

Brake Horsepower = CFM X TP/(6356 X ME fan)
Where ME fan = Mechanical Efficiency of Fan

Total required power = (power required by the system)  +
(power required by vehicle to move) + (power required by vehicle to carry the system)

Total required (H.P) = H.P (system) + H.P (vehicle) + H.P (load)

H.P (system) = H.P required by 2 blowers + pump + belt conveyor
H.P (vehicle) = H.P required by the vehicle to move in the high speed
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H.P (load) = H.P required to carry the system weight

When we add the losses to the system like driver weight and other weights the load equation will
be changing to

HP(r)=HP () +HP(V)+HP(L)+L

When factor of safety is considered for the system, due to fluctuations in a system and
transformed equation will be

HP () =fHP(s)+H.P(v)+HP(L)+L)

F = factor of safety.
Estimation for normal machine:

Cost for suction basin:
Suction basin is made up of galvanized sheet of 22gauge; rubber supports pipe lines costs of

12,000/- including fabrication cost.

Cost for cyclone:
Cyclone is made up of mild steel 20 pipe and 5” pipes pipe lines it costs 10,000/~ including with
fabrication cost.

Cost for muffler:

Muffler is made up of mild steel sheet of 2mm costs of 4000/- including fabrication cost.

Cost for filter:

Filter consisting of sponges and a trey to hold. Total costs of 5000/-

Cost for 2 blowers:

Total material and fabrication cost for 2 blowers are around 20,000/

Cost for pumping system:
Normal pump with minimum of 25M head will be around 25,000/-
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Cost for wet scrubbing system:

Wet scrubbing consists of pipes, strainer, trey and a nozzle total approximately costs of 20,000/-

Cost for brushing and belt conveyor:
It consists of brush, extra fittings, belt conveyor, rollers, hopper and a turbine. These all costs of
40,000/-

Cost for truck:
Truck should at least consisting of 4 wheels, a structure to support the system, shaft and coupling
systems approximately costs of 20,000/-

Cost for a vehicle:

While deciding a vehicle, considerations have to be taken as said before. Total H.P required by
system, truck and self vehicle load have to be calculated. Normally vehicles costs of 3, 00,000/-
to 5, 00,000/-.

Total cost of system will be approximately around 5, 00,000/- to 7, 50,000/-.

Conclusion

Using this Simplified Road Cleaning Machine with Modified Technology, Suitable for Indian
Conditions, because of its reliability and expendability. Due to total cost of the system is very
low and only one time investment has to be made for reducing labor charges. It will reduce
human efforts drastically and very helpful to clean roads even in traffic. Due to these benefits,
usage of this system helps in cleaning roads. | think there may be chance of using this machine in

future of India.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

References

Aldrin M., Hobaek Haff I., Rosland P. 2008. The effect of salting with magnesium
chloride on the concentration of particular matter in a road tunnel. Atmospheric
Environment, 42, 1762-1776.

Amato F., Querol, X., Alastuey, A., Pandolfi, M., Moreno, T., Gracia, J., Rodriguez, P.
Evaluating urban PM10 pollution benefit induced by street cleaning activities
Atmospheric Environment 43 (29), 4472-4480, 2009b.

Amato F., Querol X., Johansson C., Nagl C., Alastuey A. 2010a A review on the
effectiveness of street sweeping, washing and dust suppressants as urban PM control
methods. Science of the Total Environment. 408 (16), 3070-3084

Amato, F., Pandolfi, M., Escrig, A., Querol, X., Alastuey, A., Pey, J., Pérez, N., Hopke,
P.K., 2009a. Quantifying road dust resuspension in urban environment by Multilinear
Engine: A comparison with PMF2. Atmospheric Environment, 43, 2770-2780.

Amato, F., Schaap, M., Denier van der Gon, H.A.C., Pandolfi, M., Alastuey, A., Keuken,
M., Querol, X. Shortterm variability of mineral dust, metals and carbon emission from

road dust resuspension (2013) Atmospheric Environment, 74, pp. 134-140.

Amato, F., Schaap, M., Denier van der Gon, H.A.C., Pandolfi, M., Alastuey, A., Keuken,
M., Querol, X. Effect of rain events on the mobility of road dust load in two Dutch and
Spanish roads (2012) Atmospheric Environment, 62, pp. 352-358.

Ang K.B., Baumbach G., Vogt U., Reiser M., Dreher W., Pesch P., Krieck M., 2008.

Street cleaning as PM control method. Poster Presentation, Better Air Quality, Bangkok

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

Areskoug H., Johansson C., Alesand T., Hedberg E., Ekengren T., Vesely V., Widegvist
U., Hansson H.C., 2004. Concentrations and sources of PM10 and PM2.5 in Sweden.
ITMReport no. 110, Stockholm, Sweden.

Ariola V., D’Alessandro A., Lucarelli F., Marcazzan G., Mazzei F., Nava S., Garcia-
Orellana 1., Prati P., Valli G., Vecchi R., Zucchiatti A., 2006. Elemental characterization
of PM10, PM2.5 and PML1 in the town of Genoa (Italy). Chemosphere, 62(2), 226—232.

Armitage N., 2001. The removal of urban solid waste from stormwater drains.
www.unix.eng.ua.edu. ARPA, 2003. Agenzia Regionale per la Protezione dell’Ambiente
della Lombardia, Via Restelli 1 Milan, Italy. (Personal communication cited by EC,
2004), 2003

Bannerman R., 1999. Sweeping Water Clean. American Sweeper Magazine. Huntsville,
Al. 7(1). South Coast Air Quality Management District, California. (1999). Rule 1186:
APPENDIX A. South Coast Air Quality Management District test protocol, Rule 1186 —

certified street sweeper compliance testing. 5 pp. September 1999.

Baumbach G., Ang K.B., Hu L., Dreher W., Warres C., Pesch P., 2007. Ermittlung des
Einflusses von StraBenreinigungsmaBnahmen auf diePMZ10-immissionskonzentrationen
am Stuttgarter Neckartor, Stuttgart, 2007.

Brunekreef B. and Forsberg B., 2005. Epidemiological evidence of effects of coarse
airborne particles on health. European Respiratory Journal, 26, 309-318 Bukowiecki, N.,
Lienemann, P., Hill, M., Furger, M., Richard, A., Amato, F., Prévot, A.S.H.,

Baltensperger, U., Buchmann, B., Gehrig, R. PM10 emission factors for non-exhaust
particles generated by road traffic in an urban street canyon and along a freeway in
Switzerland (2010) Atmospheric Environment, 44 (19), pp. 2330-2340

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.
International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

Bris F.J., Garnuad S., Apperry N., Gonzalez A., Mouchel J.M., Chebbo G., Thévenot
D.R., 1999. A street deposit sampling method for metal and hydrocarbon contamination
assessment. Science of the Total Environment, 235, 211-220.

Chang Y., Chou C., Su K., Tseng C., 2005. Effectiveness of street sweeping and washing
for controlling ambient TSP. Atmospheric Environment, 39, 1891-1902

Chou C., Chang Y., Lin W., Tseng C., 2007. Evaluation of street sweeping and washing
to reduce ambient PM10. International Journal of Environment and Pollution, 31(3/4),
431-448.

Chow J.C., Watson J.G., Egami R.T., Frazier C.A. and Lu Z., 1990. Evaluation of
regenerativeair vacuum stret sweeping on geological contributions to PM10. Journal of
Air and Waste Management, 40, 1134-1142.

Clark D.E., Cobbins W.C., 1963. Removal effectiveness of simulated dry fallout from
paved areas by motorized vacuumized street sweepers. Report prepared by US Naval
Radiological Defense Laboratory, USNRDLTR-745, 1963.

Clarke R.W., Coull B., Reinisch U., Catalano P., Killingsworth C.R., Koutrakis P.,
Kavouras I., Murthy G.G., Lawrence J., Lovett E., Wolfson J.M., Verrier R.L., Godleski
J.J., 2000. Inhaled concentrated ambient particles are associated with hematologic and
bronchoalveolar lavage changes in canines. Environ Health Perspect, 108, 1179-1187.

Cowherd C., 1982. Particulate emission reductions from road paving in California oil
fields, 75h Annual Meeting of the Air & Waste Management Association, Nashville, TN,
1982 Cuscino T., Muleski G.E.,

Cowherd C., 1983. Determination of the decay in control efficiency of chemical dust

suppressants. In Proceedings-Symposium on Iron and Steel Pollution Abatement

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

Technology for 1982, US Environmental Protection Agency, Research Triangle Park,
NC, 1983.

De Kok T.M.C.M., Driece H.A.L., Hogervorst J.G.F., Briedé J.J., 2006. Toxicological
assessment of ambient and traffic-related particulate matter: A review of recent studies.

Mutation Research - Reviews in Mutation Research, 613, 103-122

Dobroff F., 1999. Region of Hamilton-Wentworth Air Quality Program. Street cleaning
initiative, 1999 Duncan M., Jain R., Yung S.C., Patterson R., 1985. Performance
evaluation of an improved street sweeper’, US Environmental Protection Agency (US
EPA-600/7-85-008), Government Printing Office, Research Triangle Park, NC 27711,
pp.40-74, 1985.

Diring I., Hoffman T., Nitzsche E., Lohmeyer A., 2007. Auswertung der Messungen des
BLUME wahrend der verbesserten Stralenreinigung am Abschnitt Frankfurter Allee 86,
2007. Diring 1., Zippack L., Bachlin W, Lohmeyer A., 2005. Auswertung der Messungen
des BLUES waéhrend der Abspiilmassnahme im Bereich der Messstation Neuenlander
Strasse in Bremen, 2005

Escrig, A., Amato, F., Pandolfi, M., Monfort, E., Querol, X., Celades, I., Sanfélix, V.,
Alastuey, A., Orza, J.A.G. Simple estimates of vehicle-induced resuspension rates (2011)
Journal of Environmental Management, 92 (10), pp. 2855-2859. Fitz D.R., 1998.
Evaluation of street sweeping as a PM10 control method. South Coast Air Quality
Management District, Contract No. US EPA-AB2766/96018, pp.15-19, 1998 The
scientific basis of street cleaning activities as road dust mitigation measure AIRUSE
LIFE 11 ENV/ES/584 October 13 Page 26

Fitz D.R, Bumiller K., 1996. Determination of PM10 emission from street sweepers.,
1996. 89th Annual Meeting of the Air and Waste Management Association, Nashville
TN, 1996.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

Fitz D.R., Bumiller K., 2000. Determination of PM10 emission from street sweepers.

Journal of the Air and Waste Management Association, 50, 181-187

Harrison, R.M., Beddows, D.C.S., Dall'Osto, M. PMF analysis of wide-range particle
size spectra collected on a major highway (2011) Environmental Science and
Technology, 45 (13), pp. 5522-5528.

Herngren L., Goonetilleke A., Ayoko G.A. Understanding heavy metal and suspended
solids relationships in urban stormwater using simulated rainfall (2005) Journal of
Environmental Management, 76 (2), pp. 149-158. Karanasiou, A.A., Siskos, P.A.,
Eleftheriadis, K., 2009. Assessment of source apportionment by Positive Matrix
Factorization analysis on fine and coarse urban aerosol size fractions. Atmospheric
Environment, 43, 3385-3395.

Karanasiou, A., Moreno, T., Amato, F., Lumbreras, J., Narros, A., Borge, R., Tobias, A.,
Boldo, E., Linares, C., Pey, J., Reche, C., Alastuey, A., Querol, X. Road dust contribution
to PM levels - Evaluation of the effectiveness of street washing activities by means of
Positive Matrix Factorization (2011) Atmospheric Environment, 45 (13), pp. 2193-2201.

Karanasiou, A., Moreno, T., Amato, F., Tobias, A., Boldo, E., Linares, C., Lumbreras, J.,
Borge, R., Alastuey, A., Querol, X. Variation of PM 2.5 concentrations in relation to
street washing activities (2012) Atmospheric Environment, 54, pp. 465-469.

Keuken M., Denier van der Gon H., van der Valk K. Non-exhaust emissions of PM and
the efficiency of emission reduction by road sweeping and washing in the Netherlands
(2010) Science of the Total Environment, 408 (20) , pp. 4591-4599.

Kuhns H., Etyemezian V., Green M., Hendrickson K., McGown M., Barton K., Pitchford

M., 2003. Vehiclebased road dust emission measurement — Part Il: Effect of precipitation,

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

wintertime road sanding and street sweepers on inferred PM10 emission potentials from

paved and unpaved roads. Atmospheric Environment, 37, 4573-4582

Kupiainen K., Tervahattu H., Raisanen M., Makela T., Aurela M., Hillamo R., 2005. Size
and composition of airborne particles from pavement wear, tires, and traction sanding.

Environmental Science and Technology, 39, 699-706

Kupiainen K., Tervahattu H., Raisanen M., 2003. Experimental studies about the impact
of traction sand on urban road dust composition. Science of the Total Environment, 308,
175-184. Lenschow P., Abraham H.J.,

Kutzner K., Lutz M., Preu J.D., Reichenbacher W., 2001. Some ideas about the sources
of PM10. 2001. Atmospheric Environment, 35(SUPPL.1), S23-S33

Marais M., Armitage N., 2004. The measurement and reduction of urban litter entering
stormwater drainage systems: Paper 2-Strategies for reducing the litter in the stormwater
drainage system. Water SA , 30(4), 483-492

Marais M., Armitage N., 2003. The measurement and reduction of urban litter entering
stormwater drainage systems. Water Research Commission Report. No.TT211/03,
Pretoria, South Africa, 2003.

Marelli L., Lagler F., Borowiak A., Drossinos Y., Gerboles M., Buzica D., Szafraniec K.,
Niedzialek J., Jimenez J., De Santi G., 2006. PM measurements in Krakow during a
winter campaign. JRC Enlargement and The scientific basis of street cleaning activities
as road dust mitigation measure AIRUSE LIFE 11 ENV/ES/584 October 13 Page 28
Integration Workshop, ‘‘Outcome of the Krakow Integrated Project’’: Particulate Matter:

From Emissions to Health

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

Norman M. and Johansson C., 2006. Studies of some measures to reduce road dust
emissions from paved roads in Scandinavia. Atmospheric Environment, 40, 6154-6164
Olympia, City of., 2005. Stormwater manual. VVolume IV, Permanent Source Control
(Pollution Prevention) BMPs, 156 pp. and Volume V, Stormwater Treatment BMPs,
2005

Omstedt G., Bringfelt B., Johansson C., 2005. A model for vehicle-induced non-tailpipe
emissions of particles along Swedish roads. Atmospheric Environment, 39(33), 6088—
6097.

Perez L., Medina-Ramén M., Kiinzli N., Alastuey A., Pey J., Perez N., Garcia R., Tobias
A., Querol X., Sunyer J., 2009. Size fractionated particulate matter, vehicle traffic, and
case-specific daily mortality in Barcelona (Spain). Environmental Science and
Technology, 43, 4707-4714.

Perez N., Pey J., Querol X., Alastuey A., Lopez J.M., Viana M., 2008. Partitioning of
major and trace components in PM10, PM2.5 and PM1 at an urban site in Southern
Europe, Atmospheric Environment, 42, 1677-1691 Pitt R.E., 1985. Demonstration of
Nonpoint Pollution Abatement through Improved street Cleaning Practices, EPA 600/2-
79-161, 270pp.

Pitt R., 1985. Characterizing and controlling urban runoff through street and sewerage
cleaning. EPA/2-85/038. PB 85-186500/AS. 467 pp. U.S. Environmental Protection
Agency, Cincinnati, OH, 197

Pitt R.E., Bannerman R., Sutherland R., 2004. The Role of Street Cleaning in Stormwater
Management. Water World and Environmental Resources Conference 2004,
Environmental and Water Resources Institute of the American Society of Civil
Engineers, Salt Lake City, Utah. May 27 — June 1, 2004.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



February
2016

| JESRESTSPRUNSEN SN - 2347-6532

Putaud J.P., Van Dingenen R., Alastuey A., Bauer H., Birmili W., Cyrys J., Flentje H.,
(...), Raes F., 2010. A European aerosol phenomenology - 3: Physical and chemical
characteristics of particulate matter from 60 rural, urban, and kerbside sites across
Europe. Atmospheric Environment, 44 (10), 1308-1320

Putaud J.P., Raes F, Van Dingenen R, Bruggemann E, Facchini MC, Decesari S, Fuzzi S,
(...), Wiedensohler A., 2004. A European aerosol phenomenology-2: Chemical
characteristics of particulate matter at kerbside, urban, rural and background sites in
Europe. Atmospheric Environment; 38(16), 2579-2595

Querol X., Alastuey A., Viana M.M., Rodriguez S., Artifiano B., Salvador P., Garcia do
Santos S., Fernandez Patier R., Ruiz C.R., De la Rosa J., Sanchez de la Campa A.,
Menendez M., Gil J.I., 2004b. Speciation and origin of PM10 and PM2.5 in Spain.
Journal of Aerosol Science, 35(9), 1151-1172.

Querol X., Alastuey A., Rodriguez S., Plana F., Mantilla E., Ruiz C.R., 2001a.
Monitoring of PM10 and PM2.5 around primary particulate anthropogenic emission
sources. Atmospheric Environment, 35, 845-858. The scientific basis of street cleaning
activities as road dust mitigation measure AIRUSE LIFE 11 ENV/ES/584 October 13
Page 29

Walker T.A., Wong T.H.F., 1999. Cooperative Research Centre For Catchment
Hydrology Effectiveness of street sweeping for stormwater pollution control technical
report. Report 99/8 December 1999

Waschbusch R.J., 2003. Data and Methods of a 1999-2000 Street Sweeping Study on an
Urban Freeway in Milwaukee County, Wisconsin. USGS open file report 03-93,
Middleton, W1 2003

Watson J.G., Chow J.C., Pace T.G., 2000. Fugitive dust emissions. In Air Pollution
Engineering Manual, Second Edition, 2nd ed., W.T. Davis, Ed. John Wiley & Sons, Inc.,

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



m SREREI eIl SSN: 2347-6532

New ork, pp. 117-135. Yee C., 2005. Road Surface Pollution and Street Sweeping.

University of California, Berkeley Environmental Sciences, 2005.
e YuT., Chiang Y., Yuan C., Hung C., 2006. Estimation of Enhancing Improvement for
Ambient Air-quality during Street Flushing and Sweeping. Aerosol and Air Quality

Research, 6, 4, 380-396

e https://en.wikipedia.org/wiki/\VVacuum cleaner

o www.canadianblower.com/blowers/index.html

e http://www.burrows.com/carpetcleaning/index.html

e http://www.cleanmiddleeast.ae/articles/108/innovative-and-ecological-cleaning-power-

from-gregomatic.html

e http://www.cleanlink.com/sm/article/A-Deeper-Understanding-Of-CarpetCare-
Technology--2455

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JEIINEEELE as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us


https://en.wikipedia.org/wiki/Vacuum_cleaner
http://www.canadianblower.com/blowers/index.html
http://www.burrows.com/carpetcleaning/index.html
http://www.cleanmiddleeast.ae/articles/108/innovative-and-ecological-cleaning-power-from-gregomatic.html
http://www.cleanmiddleeast.ae/articles/108/innovative-and-ecological-cleaning-power-from-gregomatic.html
http://www.cleanlink.com/sm/article/A-Deeper-Understanding-Of-CarpetCare-Technology--2455
http://www.cleanlink.com/sm/article/A-Deeper-Understanding-Of-CarpetCare-Technology--2455

