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ABSTRACT

The purpose of this study is to highlight the National Classification System related to cleanup the soil contaminated sites
and to provide some guidance to address the priority management rank system before the remediation for Busan
metropolitan city. Based on the previous soil investigation data, the quantitative classification of vulnerable areas for soil
pollution was performed to successfully manage the contaminated sites in Busan. Ten evaluation factors indicating the
high soil pollution possibility were used for the priority management ranking system and 10 point was assigned for each
factor which was evenly divided by 10 class intervals. For 16 Gu/Guns in Busan, the score of each evaluation factor was
assigned according to the ratio of the area (or the number) between in each Gu (or Gun) and in Busan. Ten scores for each
Gu (or Gun) was summed up to prioritize the vulnerable Gu or Guns for soil pollution in Busan. Results will be available
to determine the most urgent area to cleanup in each Gu (or Gun) and also to assist the municipal government to design a
successful and cost-effective site management strategy in Busan.
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Table 1. Evaluation factors used in the ranking for the remediation of abandoned metal mines in Korea (modified from MOE, 2006b)

Evaluation factor
(weighted score)

Evaluation category
(weighted score)

Class interval and points to weigh the score for each factor

Mine tailing storage amount (40)

Contamination
source (100)

Mine waste rock storage amount (40)

Contaminant type (20)

10 class intervals; 4 points for each class (0 - 40 points) according to the
amount (m3)

10 class intervals; 4 points for each class (0 - 40 points) according to the
amount (m3)

10 class intervals; 2 points for each class (0 - 20 points) according to the
existence of tailing, waste rock, and drainage water

Contaminated area (30)
Ratio of contaminated soil (15)

Pollution index (15)

Ratio of contaminated stream sediment

(15)

Ratio of contaminated water (30)

Contaminant
characteristics (150)

Type of pollutant (15)

Contaminant types (15)

5 class intervals; 5 points for each class (0 - 30 points) according to the
contaminated area

5 class intervals; 3 points for each class ( contaminated soil sample
number vs. total sample number)

5 class intervals; 3 points for each class at the range of PI value (0.1 ~>
0.51)

5 class intervals; 3 points for each class (contaminated stream sediment
sample number vs. total sample number)

10 class intervals; 3 points for each class (contaminated water sample
number vs. total sample number)

5 class intervals; 3 points for each class according to the number of
heavy metals belong to the pollution

5 class intervals; 3 points for each class according to the existence of
soil, water, and stream sediment

Ratio of farmland contamination (20)

L. Condition of mine exposure (10)
Migration or exposure

possibility (50) Distance to the resident (10)

Population near the mine (10)

10 class intervals; 2 points for each class (contaminated farmland soil

sample number vs. total sample number)

10 class intervals; 2 points for each class according to the caping con-
dition of tailing and rock waste

5 class intervals; 2 points for each class according to the distance

(0.5~4km in radius)

10 class intervals; 1 points for each class according to the number of
resident (0 ~>900)
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Table 2. Evaluation factors used in the priority ranking for the investigation of asbestos-contaminated abandoned mines (modified from

Lee, 2010)
Evaluation
cat(?gory Su.b -categories Evaluation factor Criteria to weigh the score for each factor
(weighted (weighted score)
score)
L Source storage area 1 point per 81 m?
Contamination . 3
source (30) Source storage volume 1 point per 62.5 m
Storage state and slope angle <5° 0 point , 5~30° 3 point, >30° 5 point
. el s
Mining Vegetative cover no plf'mt capping: S point, 1 m.m plan.t height:
. tivity 3 point, >1 m in plant height: 5 point
C; ntar':nr.latr.lt :tcate (30) Uncovered mining pit (and shaft) area 1 point per 1,6810 m?
characteristics . . . .
(100) Uncovered asbestos-bearing rock outcrop Existence: 10 point, Nonexistence: 0 point
Mining type (subsurface or surface mining) Surface: 10 point, Subsurface: 5 point
Mini A term of mining 1 point per 0.4 year of mining activity
inin, . - L. . . . .
historyg (40) Existence of refining or post-treatment facility Existence: 10 point, Nonexistence: 0 point
.. 6750 ton: 10 point, -1 point per -338 ton from
Total mining outturn
6750 ton
Geological . U >1/3 of asbestos bearing rocks in the site area:
; Al - k . - .
potential (40) sbestos-bearing rock distribution 50 point, <1/3: 30 point, None: 20 point
. - .
. C.or}talnlnated area (> asbestos concentration 1 point per 2,830 m?
C . Soil limit)
(')ntar'nmant contamination Contaminated state (according to contaminated 1 point per 0.08% (the ratio of area having >
migration . o . .
rential (100) soil sample number vs. total sample number) 1% of asbestos in soil sample)
otential . .o . . .
?200) Highest asbestos concentration in soil >4%: 10 point, -1 point per -0.65% from 4%
Water Ratio of asbestos-containing stream water Exllstence ofa.sbestos-bearlr}g stream water: 10
.. point, Nonexistence: 0 point
contamination . .
. .. Existence of asbestos-bearing groundwater: 10
(60) Ratio of asbestos-containing groundwater . . .
point, Nonexistence: 0 point
Distance from the mining source 1 point per - 3.3 m from 152 m distance
Farmland Ratio of farmland area vs. total site area (within
contamination . ) >20%: 20 point, -1 point per -0.85% from 20%
(90) 4 km radius from the source zone)
Ratio of asbestos-containing farmland soil 1 point per 0.07%
Mean annual wind speed 1 point per 0.2 m/s
C0¥151stency of the main wind direction to the Consistency: 10 point, Discordance: 0 point
residental area
Exposure Meteorological Topographic slope 0~2%: 1, 2~6%: 3, 6~12%: 5, 12~18%: 9,
pofsibility condition (40) pograp P >18%:10 point
(200) Annual rainfall 5 point X (annual rainfall of the site/1,302 mm/

Exposure to
the resident
(70)

Rainfall strength (Heavy rainy day per year)
Distance from the mining source

Ratio of asbestos-containing soil in the resi-
dential district

Population density according to the distance
from the source

yr)

>10day: 5 point, -1 point per -0.75day
<430 m: 1 point, +2 point per -28.6 m from 430
m

1 point per 0.4%

>2100 person: 30 point, -1 point per —71 person
from 2100 person
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Table 3. The current situation of vulnerable area and facility related to the soil contamination for 16 Gu/Gun in Busan
Vulnerable Transportation related facility Industrial area Waste related facility
area area area e Number
Mili- Aban-
. In(%us- Small Waste Inciner- Waste Golf Beach ftary doned of total
Name Vehicle Harbor Airport Rail-  trial manu- water Lan(.i- ation storage/ course base  mine vulnera-
of Gu road com- factur- treat- fill site treat- ble area
or Gun plex ing site ment ment
A 0 0 X X X 0 0 X X 0 X X X 5
B 0 X X X X 0 0 X X 0 X X X 5
C o [ X [ X o o X X [ X X X X 6
D o o X X X o o o X ) X X o X 7
E o X X ) X o o X X o X X o X 6
F 0 X X 0 X 0 0 X X 0 X X X X 5
G o o X X X o o X X ) X X [ o 7
H o X X ) X o o o X ) X X o X 7
| o X X ) o o o o o [ X o [ X 10
J o 0 X X o o o o o [ X o X o 10
K o X X [ o o o X o 0 o X X X 8
L o o o [ o o o o o [ [ X [ X 12
M 0 X X X X 0 0 X X 0 X X X X 4
N o X X X X o o X X [ X o X o 6
(0] o X X [ o o o X o [ X X X o 8
P o X X [ o o o X o [ o o X o 10

* O: existence and X: nonexistence
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Table 4. Evaluation factors of vulnerable areas used in the priority management ranking system for soil contamination in Busan

Evaluation category

Evaluation factor and criteria

Airport, railroad, and harbor

Transportation . 1,eq facility area

related facility
area Vehicle

(D Ratio of facility area in each Gu/Gun vs. total facility area in Busan

(@ Number of repair shop and car wash in each Guw/Gun vs. total number in Busan

@ Ratio of bus garage and terminal area in each Gu/Gun vs. total facility area in Busan

Industrial area

@ Ratio of industrial area in each Gu/Gun vs. total facility area in Busan

(® Number of waste water treatment facility in each Gu/Gun vs. total facility number in Busan

Waste storage/treatment facility

(® Number of waste storage/treatment facility in each Gu/Gun vs. total facility number in Busan

Military base

@ Number of military base in each Gu/Gun vs. total military base in Busan

Abandoned mine

Number of abandoned mine in each Gu/Gun vs. total mine number in Busan

Golf course

@ Ratio of pesticide spray area in Golf course for each Gu/Gun vs. total spray area in total
Golf courses of Busan

Beach Population per unit area (m®) for beach in each GwGun
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Table 5. Results of the ranking for the airport, railroad, and harbor related facility factor (left) and for vehicle repair shop and car wash

facility factor (right)

Ratio of facility area in each

Number of repair shop and car

Ranking Name of Gu/ Gu/Gun vs. total facility area in Score for Ranking Name of Gu/wash in each Gu/Gun vs. total Score for
Gun the factor Gun . the factor
Busan (%) number in Busan (%)

1 L 40.0 10 1 (0] 15.7 10

2 G 20.1 6 2 J 10.2 7

3 C 10.6 3 3 I 8.5 6

4 J 6.9 2 3 K 8.1 6

4 E 6.8 2 5 E 7.6 5

4 A 42 2 5 G 7.5 5

7 P 32 1 5 M 7.3 5

7 I 2.1 1 5 F 7.2 5

7 K 1.9 1 9 N 5.5 4

7 H 14 1 9 H 5.4 4

7 0] 0.9 1 9 P 4.8 4

7 D 0.9 1 12 L 4.1 3

7 B 0.4 1 13 D 2.9 2

7 F 0.4 1 13 C 2.6 2

7 M 0.1 1 13 B 1.6 2

7 N 0.05 1 16 A 1.1 1
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Table 6. Results of the ranking for bus garage and terminal factor (left) and for industrial complex factor (right)

Ratio of bus garage and terminal

Ratio of industrial area in each

. a . Score for . Name e Score for
Ranking of Gu/Gun 2red in each G.u/Gun vs. total the factor Ranking of GuGun Gu/Gun.Vs. total facility area the factor
facility area in Busan (%) in Busan (%)

1 L 27.0 10 1 L 40.7 10
2 K 19.3 8 2 J 17.8 5
3 (0] 11.7 5 3 (0] 15.5 4
3 P 11.0 5 4 P 10.3 3
5 D 6.3 3 5 D 3.9 1

5 K 3.1 1
6 J 49 2

5 G 3.1 1
6 I 4.6 2 5 B 1.6 1
6 G 4.5 2 5 I 1.2 1
6 H 3.6 2 5 C 1.2 1
6 E 3.1 2 5 F 0.5 1
11 M 1.6 1 5 N 0.5 1
11 N 1.5 1 5 E 0.3 1

5 M 0.2 1
11 F 0.7 1

5 H 0.1 1
11 B 04 1 5 A 0.01 1
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Table 7. Results of the ranking for waste water treatment facility factor (left) and for waste storage/treatment facility factor (right)

Number of waste water

Number of waste storage/

Ranking Name treatment facilit}lf .in each  Score for Ranking Name treatment facility in clza.ch Score for
of Gu/Gun Gu/Gun vs. total facility number the factor of Gu/Gun  Gu/Gun vs. total facility  the factor
in Busan (%) number in Busan (%)
1 (0] 22.5 10 1 P 17.5 10
1 J 20.7 10 1 J 173 10
3 L 13.5 6 3 (0] 144 9
4 E 8.8 4 4 F 12.7 8
4 P 7.0 4 5 L 11.7 7
6 K 4.5 3 6 N 7.8 5
7 G 4.0 2 7 K 34 2
7 I 3.8 2 7 G 2.7 2
7 B 2.6 2 7 D 2.7 2
7 D 2.6 2 7 M 2.4 2
7 H 2.5 2 7 H 22 2
7 F 2.4 2 7 I 22 2
13 M 2.0 1 13 B 1.5 1
13 N 1.9 1 13 E 1.0 1
13 C 1.1 1 13 C 0.5 1
13 A 0.3 1 13 A 0.2 1
Table 8. Results of the ranking for military base factor (left) and for abandoned mine factor (right)
Name Number of military base in each Score for Name Number of abandoned mine in Score for
Ranking Gu/Gun vs. total military base in Ranking each Gu/Gun vs. total mine num-
of Gu/Gun Busan (%) the factor of Gu/Gun ber in Busan (%) the factor
1 I 375 10 1 P 50.0 10
2 G 25.0 7 2 G 12.5 1
3 L 18.8 6 3 (0] 12.5 1
4 H 6.3 2 4 N 12.5 1
4 D 6.3 2
5 L 12.5 1
4 E 6.3 2
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Table 9. Results of the ranking for golf course factor (left) and for beach factor (right)

Pesticide Ratio of pesticide spray
spray area in area in Golf course for Population per unit area
Ranking Name of Gu/ Golf course each Gu/Gun vs. total Score for Ranking Name of (m?) for beach in each Gu/ Score for
Gun . the factor Gu/Gun the factor
for each Gu/spray area in total Golf Gun
Gun (m?) courses of Busan (%)
1 P 2,912,640 5431 10 1 I 1394 10
2 B 121.6 9
2 K 1,922,904 35.86 8
2 N 112.5 9
4 P 19.1 2
3 L 527,121 9.83 2
4 J 16.8 2
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Table 10. Result of the final score to decide the priority management ranking for 16 Gu/Guns (A-P) in Busan

EV;;‘:?:?“ A B C D E F G H 1 J K L M N O P
Airport, railroad,
and harbor related 2 1 3 1 2 1 6 1 1 2 1 10 1 1 1 1
facility area
vehicle repair sho
e Wfsh faci“l:y 2 2 2 5 5 5 4 6 7 6 3 5 4 10 4
z Eiiﬁ:aife ;“d - -3 2 1 2 2 2 2 8 10 1 1 5 5
Industrial area 1 1 1 1 1 1 1 1 1 5 1 10 1 1 4 3
Xﬁzematgcin y 12 1 2 4 2 2 2 2 1w 3 6 1 1 10 4
Xéﬁﬁeﬁfﬁ% y Ll 1 2 1 8 2 2 2 10 2 7 2 5 9 10
Military base - - - 2 2 - 7 2 10 - - 6 - - - -
Abandoned mine - - - - - - 1 - - 1 - 1 - 1 1 10
Golf course - - - - - - - - - - 8 2 - - - 10
Beach - 9 - - - - - - 10 2 - - - 9 - 2
Final score (FS) 6 16 8 13 17 18 26 14 34 39 29 55 11 23 40 49
Final ranking 6 13 15 1 9 9 7 14 5 4 6 1 11U 8§ 3 2

* The symbol of "-" represents that the facility does not exist in Gu/Gun.
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