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(& 3-1) @2 England X[99] HA7I&(ET SZ229 g=2A7H

-9 Grade B Grade C Grade D
Z1 0 3Y 48X 6 A 3 ZAAR 1 HYAIZE
Z2 0 19T FAHXS 12 ZGAIR BEHAIZE 3 AHAIZ
Z3 1 H2LE =AY 2= 12 ZHAAIRE 6 AR

Grade A : X710t Si0{0F &
Grade B : 2202 Agsl= 24 L= MD1DF 0{0F &
i

U= TANHS DAL HOlE 43

X
Grade C @ MJIJF & &THGHLD ©
Grade D : #e{J10t B3] #0l= &EK

A& Department for Environment, Food and Rural Affairs(2006.4)
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(# 3-3) 20| EXjote LESHY| B 5%
[T 2fmg /ka
8 d= dost g 4=z gost
Volatile solids 75,000 Copper 100
COD 80,000 Iron 22,000
BOD5 10,000 Lead 1,000
T-P 500 Manganese 500
PO4P 100 Mercury 0.08
TKN 1,600 Nickel 20
Surfur 1,100 Strontium 15
Arsenic 15 Zick 300
Cadmium 3 Total colif. bact. 400%100%rg/kg
Chromium 200 Fecal colif. bact. 3x100°rg/kg
A& Pitt and Shawley(1981)
(# 3-4) gxt=7o M2 2FSHY s
AN | HESE| Volatile Solids BOD COD Pb Zn
(4m) (%) (mg/kg) (mg/ke) | (mg/keg) | (mg/kg) | (mg/ke)
3,380-850 15 76,000 3,600 68,000 800 200
850-420 19 43,000 3,000 56,000 3,200 1,000
420-250 24 34,000 3,100 51,000 3,400 1,600
250-75 32 59,000 3,800 106,000 5,900 1,800
<75 10 126,000 6,900 211,000 3,400 1,600

A& Bannerman(1983)
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(B 3-5) YRl M2 HA 58

EPN=P) HASE (%)
> 2,000 79
840-2,000 66
246-840 60
104-246 48
43-104 20
<43 15
g 50

A& Sartor and Boyd(1972)

ERE2 Yo Ho Y HAE A5 k=W 7] Zoz HAtEo] o
7l & PMI0 %5 7%

Cowherd(1988)0]] 2lotH ZEst 2 PAZ2 WS AAtH EHEZI
PM109] ®f&3-& oF 337 37%7HA AT 4+ dotx sk 2y

of

0E A4t
o m2d E2FPAe F YAEE AAsteH EREYE = Yoy uAd
Z1(PM10)Y] AZaHE= ZA Aoty AHstA Qlth(Vaze et al, 2002

Etyemezian et al, 2003). 0|23t AFAEES FAH LR AHE 1% 3t}
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NSRS S
s Ar s ArSE
20| (mm) 4,230 210[(mm) 5,350
= () 1,650 E(mm) 1,650
=0|(mm) 2,320 =0](mm) 2,400
A= A (ke) 3,500 B A (kg) 7,500
2SS (kw rpm ) 55 EHES (kw rpm ) 99
2 () 420 gX(m) 15
HAHTA XA
A= (L/h) 75 &2 23 (psig) 10
AR (km/h) 5-8 A4 2t (degree) 60
A4 k3 (psig) 50 A2 (L /min) 80-120
2244 £Z(rpm) 40 A2 (km/h) 5-8
2 HEA S (m/h) 25,000 ZHEASH(m/h) 10,000

2) Philadelphia, Pennsylvania

Record® Bradway(1978)= 1977do] &3 4&7F TSPAAY A= FFS
GotE7] 97t A4S otfth 10889 BE E2E AR 24 07:00%

o
o
[
i

2% 6:307H4] 39 A& oA AAstiet, ot tf7]52 TSP
EE A4 A H4 5% H2FE UFo] hi-vol samplers ©[-&3dt A3}
ok 397t Adore BAFCR Jugles ABE EEot7|de FEHA
U EHA AT U] 39 TSPekre F7tstgledl, TSPeEe 1 99 X
T AP Aol e ALE UK B =H4 T HeHA g
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10km/hr X 7hr = 70km
- 42 g 7Y
121km X 4 = 70km = 6.9 (7))
2 FAeR NEA 257 AAFE AR AQFE AET A3t (&
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22 S ey | = o7 oy
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(2005) |(57, EY 13))
zz3 61.1 15 4 4
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227 435 0.9 5 2
cE3 46.4 {1 4 3
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237 432 1.0 3 2
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8hr = 121min = 43]/Y
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= 45.7 1.2 8 9 13 5 6
267|820 2.2 12 17 23 9 10

H4s32 | 737 1.7 4 12 17 7 8

2737 | 565 1.4 3 11 15 6 7

s | 69.4 1.7 5 13 18 7 8

22| 665 1.4 4 10 14 6 6

823 | 745 1.6 5 12 16 7 7

223 435 0.9 4 7 10 4 4

[ 46.4 1.1 4 8 1 5 5

a3z 1019 2.4 6 18 25 10 1

e | 541 1.4 3 10 15 6 6
PR 1.4 5 10 14 6 6

e 89.8 23 6 17 24 10 1

uHP | 432 1.2 4 9 13 5 6

2K | 102.4 2.6 6 19 27 11 12

2232 612 1.7 5 13 17 7 8

2HD| 432 1.0 3 8 1 4 5

AET | 101.1 2.6 4 19 27 11 12
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ot=HMels 89 Fac amdE 2= oteHels
Tolg £& FANJI=(9H Holg =&J|E
_ [MAH-EHAES]
[HAE%] [a4=24]
pH 5.8~8.5 5.8~8.5 5.8~8.6
SS(mg/e)
BOD(mg/2) 10 0|3t 10 0I5t
COD(mg/£) 20 0I5t 20 0I5t
DO(mg/2)
Bt (NTU) 2 0I5t 2 0I5t 2 0|3t
Se|MFHA 0.1mg/4
PE=e: P 0.2 0|4t 0.2 014t f= ZgNsEL
0.4mg/p0] 4
AW 0IS34 0134 oIS
S 222 222 EAZE
(JH/100me)
22 OIZ23) 0IZ23)
OlEXte 9&tf Sl
A 20< 0I5t et 2ol 2o JIEX
P
LAHUANE E=
=PNPIES ss0I42 Jls2
e AMES dx1g 2

o
o

olg 7IEE digEs Ashe Aldoly AR AH Agste S
tstel A&t ot ot mebd fA7|Eo] oA d45HA g 19
= iAo WaiAds e 44T vIEel ALHI AdH. ol VEES
A FeR2AA WY =20 4Este 22 AR HsiM =

i
Holw SHASUBAIENY A4U% 2300 Fete 2o 2L A9

.

22) e 2% HAHojibsol ofg dukd AaAe = AN, COD 3mg/eels), F<1
0.03mg/t, =42 O4mg/2°] sh
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The Effectiveness of Street Cleaning and
lts Implementation Methods in Seoul

Project Number SDI 2006—R-23
Research Staff Kee—-Young Yoo (in Charge)
Yu—Mee Na

Street cleaning is a fundamental service required in modern urban life, which
contributes to the general decorum of urban area. This study was conducted to
evaluate the effectiveness of street cleaning, to determine street cleaning method
that suits Seoul, and finally to recommend essential factors, such as vehicles,
washing water and other surroundings. This research began with gathering data
on area to be served, type of service, equipments in use, the source of cleaning
water, traffic condition, meteorological observation, etc. Field study was done to
measure appropriate running speed of vehicles, water volume enough to wash out
dusts from road surface and time consumed by one time service. Runoff after
washing and soil collected by mechanical vacuum sweeper were taken to analyze
the contents of pollutants such as particulate matter less than diameter of 10um
(PM10), organic substance, and several heavy metals.

The area to be served is same as 7.5% of 606 km, total area of Seoul. All of
25 local governments are adapting their respective types of street cleaning.
Analysis of street debris revealed that they contain various pollutants, and 0.5%
of total solids could be classified into PM10. Runoff from washing also showed
higher contents of pollutants than fresh water, and concentration of PMI10 was
31mg a litter of runoff.

Typical street cleaning service in 2005 consisted of washing once a day and
vacuum-sweeping 1.5 times a day, which is estimated to remove PM10 by 0.56%
of total amounts accumulated on road surface or 1.48% of total amounts of PM10
generated from all kind of vehicles in Seoul. There is another aspect of
effectiveness that street cleaning leads to even discharge of pollutants which
would, if not, result in storm water pollution to water streams or wastewater
treatment facilities when raining. Amounts of pollutants reduced by street
cleaning were estimated 49 percent of pollution loading, which takes place in
JUNGRANG sewer plant in rainy weather, in terms of chemical oxygen demand

- 148 -



(COD). Moreover such positive effects are anticipated to be greater by
intensifying street cleaning service.

About 10km per hour was a recommendable working speed for vacuum sweeper
and washer, and 120m® of water a square km was minimum quantity to induce
overflow from street surface. Whether water resources are closer to working place
or not was critical to determine how much area a water sprinkler can serve a day.
That was because it took 66 minutes for where water resources are available
within 10 km, while it took 21 minutes for where within lkm. Ground water was
main water resources used currently that are pumped out from subway stations or
deep wells. In 2005, there were 47 places of water resources used for street
washing in Seoul.

Key policy recommendations are as follows:

Street cleaning in the future should aim both to contribute to the general
decorum of urban and to conserve ambient air or water environment. Wastes on
streets wider than 12m and its sidewalks are cleaned by several tools, like
mechanical equipments, labors, and combination of the previous. Cleaning of
driveways is served in two shifts a day using vacuum sweepers and water
sprinkler. Whenever it rains, vehicles equipped with mechanical brush practice
cleaning to remove old stains without watering.

Vacuum sweepers take dusts away on lanes near both curb and median stripe
two times a day. Washing was also done two times a day, all lanes were washed
during night, and lanes closer to curb were watered during daytime again. It is
necessary to sprinkle the lane of 600m in width with water of Im’, which could
make sufficient overflow from road surface to gutter, bringing dusts along with.
These cleaning methods will be anticipated to remove dusts by 5.2 percent of
total amounts suspended from road surface and 118 percent of additional
pollution loading compared to COD taking place in JUNGRANG sewer plant
when it rains. 133 units of vacuum sweepers in use were estimated to be sufficient
for implementing new type of street cleaning. Although it is possible to supply
the water within lkm of distance, about 100 units of water sprinklers require
additionally an extended washing program. To secure water within lkm from all
every work places, the use of fire hydrant is a practical alternative, which would
benefit 4,600 million won a year by reducing the number of water sprinklers,
related operation cost and vehicle drivers. The intensified street cleaning system
would demand more financial resources than existing system, which would put a
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fiscal burden on each local government. It would, therefore, be reasonable for
Seoul Metropolitan Government to share roles with 25 local governments. For
example, Seoul Metropolitan Government does financial support needed to
purchase equipments, to change mechanical brushes, to pay fee of tap water
drawn from fire hydrant, etc, and local governments take roles in operation and
maintenance of equipments, revision of ordinance, and public information, and so
on. Toward the future street cleaning system, it is recommendable that Seoul
should work hard to widen the service area gradually, even to back street and
alley, and to equip new type of sprinklers which could remove dusts from roads,
with spouting out water and without obstructing traffic at the same time.
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