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93 92

93

1.

( 2003 (a))

( (b)) (0-20 cm)

(20-50 cm) 40 0.84 mm

( 2003a) Cd Cr Cu

Ni Pb Zn (NIEA S321.63B)

(1)

(0~50 cm)

( ) ( ) ( ) (

) ( ) (

) ( ) (GPS 12XL, GARMIN  2.0 m)

( ) ( )

( )

(2)

5

5

(0 20 cm) (20 50 cm)

500 g 5 2.0 kg
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1

2

3

4

5

6

7

8

9
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11

1213

14
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W1

W2

W3

W4

W5

× 1-15

W 1-5

N

( ). (b)

300 m 
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2.

(Electrical 

conductivity; EC) pH (Cd Cr

Cu Ni Pb Zn) (2000a,b 2003b

2004a,b)

.

 mE mN  E N 

1 178527 2514819  120º 18. 2515 22º 43. 9261 ( b)

2 178512 2514811  120º 18. 2428 22º 43. 9218 ( b)

3 178547 2514684  120º 18. 2636 22º 43. 8530 ( b)

4 178524 2514684  120º 18. 2502 22º 43. 8530 ( b)

5 178769 2514654  120º 18. 3933 22º 43. 8373 ( b)

6 178787 2514673  120º 18. 4038 22º 43. 8477 ( b)

7 178871 2514707  120º 18. 4528 22º 43. 8663 ( b)

8 178879 2514689  120º 18. 4575 22º 43. 8566 ( b)

9 179020 2514715  120º 14. 4513 22º 43. 8525 ( b)

10 179021 2514696  120º 18. 5404 22º 43. 8607 ( b)

11 179156 2514653  120º 18. 6194 22º 43. 8378 

12 179110 2514639  120º 18. 5926 22º 43. 8301 

13 178419 2514934  120º 18. 7471 22º 43. 7663 

14 179809 2515201  120º 18. 9993 22º 44. 1363 

15 179479 2514964  120º 18. 8072 22º 44. 0071 

W1 179160 2514660  120º 18. 6217 22º 43. 8416 

W2 179162 2514665  120º 18. 6229 22º 43. 8443 

W3 179113 2514638  120º 18. 5943 22º 43. 8295 

W4 178373 2514921  120º 18. 7465 22º 43. 7668 

W5 179809 2515005  120º 18. 9998 22º 44. 0301 

3.

ACR  (Analytic & Computational Research, 

Inc.) PORFLOW
TM

 Version 2.50

 (governing equation) Richards

/ t = [-Dw( ) -K( )]              (1) 
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Dw ( ) = K( ) dh/d (soil water diffusivity function)

 (van Genuchten 1980)

(h) = [1+ (-h)
N
]
-M

                    (2) 

K( ) = Ks
1/2

[1-(1-
1/M

)
M

]
2

               (3) 

(3) Ks (2) (3) M = 1-1/N N

van Genuchten Brady Weil

(1999) 

( )

 ( 1~10 (b)) 

11~15 ( (a) (b))

93 92

( )

NO3
-
-N

 ( )

pH  (8.15) EC 750 S cm
-1

 (

) EC 3.0 mS cm
-1

 (

) Cl
-

 (175 mg L
-1

)  (

)

NO3
-
-N 10 mg L

-1

(W5) (W1 W2 W3 W4) ( )

( )
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.
a

93 5 25

b

( ) 20 (5) 250 400 (200) 200 2000 (500) 2000 (600) 

( ) 10 (2.5) 175 220 (120) 130 1000 (300) 1000 (260) 

1 0.32 21.3 11.3 23.9 26.9 87.4 

 0.32 21.1 9.75 23.7 25.1 74.9 
       

2 0.39 22.8 14.3 24.2 31.0 85.0 

 0.32 22.5 13.5 24.0 29.5 81.3 
       

3 0.36 27.1 13.8 25.4 29.4 90.8 

 0.38 27.1 17.2 25.9 36.5 99.3 
       

4 0.37 28.4 14.4 25.1 30.5 90.6 

 0.38 38.9 17.4 23.8 29.0 89.0 
       

5 0.43 28.3 17.9 29.5 37.0 204 

 0.52 31.9 26.7 28.1 84.1 125 
       

6 0.38 25.8 15.0 27.8 32.6 90.4 

 0.38 26.4 15.8 27.4 33.2 90.5 
       

7 0.41 25.5 15.6 26.8 42.5 95.2 

 0.36 27.9 12.4 26.1 27.7 92.2 
       

8 0.38 23.2 15.2 25.0 31.2 96.7 

 0.38 25.6 16.5 26.9 31.3 91.7 
       

9 0.42 39.4 19.8 35.1 38.1 68.3 

 0.43 38.2 18.0 31.0 34.0 92.0 
       

10 0.36 24.4 13.8 25.4 29.2 98.6 

 0.38 23.6 11.7 26.9 27.9 89.3 
       

11 0.37 29.0 13.8 24.5 27.2 89.3 

 0.37 25.8 13.1 25.2 28.3 84.2 
       

12 0.36 27.0 13.4 24.9 27.8 86.3 

 0.41 27.2 22.4 24.9 46.9 99.5 
       

13 0.40 28.0 19.7 26.9 35.9 91.3 

 0.40 27.6 20.4 25.8 35.2 87.9 
       

14 0.37 21.1 11.6 22.8 28.6 82.6 

 0.48 30.6 22.6 31.4 42.4 100 
     

15 0.36 20.5 11.9 23.8 28.3 80.5 

 0.34 20.3 10.3 22.9 25.1 72.9 
a

0-20 cm

20-50 cm
b

mg kg
-1
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.  ( 93 5 24 )

pHd EC Cl-
NO3

-

-N
SO4

2- TOC

a
            

N.A.b N.A. N.A. 10 N.A. 1 5 0.005 0.05 0.1 0.05 N.A.

N.A. N.A. N.A. 100 N.A. 10 50 0.050 0.50 1.0 0.50 N.A.

 0.75           

             

-1(W1) 7.70 5.97 2856 21.6 8.85 N.D.c 0.030 N.D. N.D. N.D. N.D. 5.20

-2 7.63 6.25 3167 14.8 4.00 N.D. 0.002 N.D. N.D. N.D. N.D. 5.14

-3 7.52 6.22 2942 29.4 5.70 N.D. 0.017 N.D. N.D. N.D. N.D. 5.11

             

-1(W2) 7.16 1.45 375 30.3 134 N.D. 0.022 N.D. N.D. N.D. N.D. 6.63

-2 6.97 1.47 288 24.9 114 N.D. 0.015 N.D. N.D. N.D. N.D. 7.21

-3 6.94 1.48 289 13.1 116 N.D. 0.012 N.D. N.D. N.D. N.D. 6.92

             

-1(W3) 7.27 3.35 1368 25.0 7.65 N.D. 0.006 N.D. N.D. N.D. N.D. 5.49

-2 7.19 3.46 1424 29.0 15.8 N.D. 0.004 N.D. N.D. N.D. N.D. 5.54

-3 7.36 3.30 1358 26.0 10.5 N.D. 0.008 N.D. N.D. N.D. N.D. 5.69

             

-1 (W4) 7.44 5.78 2825 1.41 5.70 N.D. 0.004 N.D. N.D. N.D. N.D. 6.71

-2 7.63 5.94 2969 N.D. 8.70 N.D. 0.004 N.D. N.D. N.D. N.D. 6.02

-3 7.69 6.44 2955 8.92 4.30 N.D. 0.005 N.D. N.D. N.D. N.D. 6.25

             

-1 (W5) 8.15 0.95 238 4.20 20.1 N.D. 0.011 N.D. N.D. N.D. N.D. 1.28

-2 7.76 0.98 215 3.73 17.5 N.D. 0.014 0.004 N.D. N.D. N.D. 1.03

-3 7.78 0.98 239 3.83 18.3 N.D. 0.063 N.D. N.D. N.D. 0.044 0.95

a

b N.A.

c N.D. (MDL) NO3
- -N MDL 0.681 0.006

0.004 0.007 0.015 0.042 mg L-1

d pH EC mS cm-1
mg L
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( )

 ( )  ( )

( )

100 cm

150 cm

400 cm 50 cm 100 cm  (L11 L12 L13 L21

L22) L12 5 cm 10 cm ( )

 ( ) pF ( ) 1

70%  (pF )

pF 2  (pF )

 ( pF 2.5) 36%

 (

) pF 1 pF 2 10
4

0.004  ( )  ( )

100 cm

(a) (b) (c) -(b) 20%

 ( -(c))

150 cm

120 cm 40%

 ( -(b)) ( -(c))
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.
a

 (UTM) (cm) (cm)
 mE mN    

0 179765 2514843 128.0 162.0 

1 179783 2514813 166.5 123.5 

2 179819 2514764 218.0 72.0 

3 179719 2514820 184.0 106.0 

4 179802 2514881 206.0 84.0 

5 179744 2514904 228.0 62.0 

6 179729 2514978 290.0 0.0 

7 179787 2515012 244.0 46.0 

8 179688 2515070 128.0 162.0 

9 179616 2514996 66.0 224.0 

10 179623 2514898 137.0 153.0 

11 179676 2514939 93.0 197.0 
a

.

a

(cm hr-1) (g cm-3) (%) (%) (%) (%)

1 2.86×10-2 1.57 40.8 85.4 14.4 0.14 

4 1.24×100 1.57 40.8 88.7 11.2 0.04 

6 1.79×101 1.48 44.0 88.8 11.2 0.01 

9 1.10×100 1.37 48.3 88.7 11.2 0.06 

11 1.72×100 1.54 41.9 88.8 11.2 0.04 

12 3.83×10-2 1.61 39.3 88.8 11.2 0.01 

13 1.24×101 1.59 39.9 88.8 11.2 0.01 

14 1.07×10-3 1.58 40.4 88.7 11.2 0.06 

15 5.91×101 1.57 40.4 88.7 11.3 0.07 

16 1.57×10-2 1.94 26.9 88.7 11.2 0.03 
a

(a)
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. (a) ( ) (b)

(a)

(b)

cm

T
M

Y
m

TM X m

179600 179650 179700 179750 179800 179850 

2515100 

2515050 

2515000 

2514950 

2514900 

2514850 

2514800 

2514750 

220

200

180

160

140

120

100

80

60

40

20

0
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L11 L12 L13 

L21 L22 
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 (N, )
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11~15

EC Cl-

 (Ks)

1E-30 

1E-26 

1E-22 

1E-18 

1E-14 

1E-10 

1E-06 

0.01 

100 

0 1 2 3 4 5 6 7

Sand (1.00E-4)

Coarse sand (1.00E-2) 

pF

cm
 h

r
-1

. (pF)
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. 100 cm (a)
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2003

2003

2000a NIEA

W203.51B.

2000b /

NIEA W530.51C. 

2003a NIEA 

S321.63B.

2003b NIEA

W415.51B.

2004a NIEA

W424.51A.

2004b

NIEA W306.52A. 

Brady, N.C., and R.R. Weil. 1999. The nature and properties of soils (12th edition): Soil 

moisture content and soil water potential. p. 183-190. Prentice-Hall, New Jersey. 

van Genuchten, M. Th., 1980. A close form equation for predicting the hydraulic conductivity 

of unsaturated soils. Soil Sci. Soc. Am. J. 44: 892-898. 
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Soil environmental monitoring of Kaohsiung Metropolitan Park 
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ABSTRACT Kaohsiung Metropolitan Park is a large scale green park established in a fully buried landfill and 

then covered with soil. It is necessary to investigate the characteristics of the covered soil for the safety and 

quality of growth of plants. In the present study we have determined the preliminary parameters for risk 

assessment in the soil and water samples which are collected from the 1st base of the park in 2004.

The results showed, that heavy metals contents in the soil collected from 15 sample sites were less than the 

monitoring levels of agricultural soil for edible crops, while the same are low in ground water compared to 

control standards of groundwater pollution. However, the electrical conductivity (EC) values of the ground water 

are higher than 750 µS cm-1 compared to water quality standard. Moreover, the NO3
–

N contents in the water 

samples collected from southern and western sites of coconut plantation and southern site of the 2nd stage 

landfill area are higher than the 1st control standard value (10 mg L-1). Based on soil and related data obtained 

from the 1st area of the park, the heavy metals and soluble salts in the area of lower level topography might be 

increased during rainy season. These heavy metals and soluble salts accumulated at upper layer of covered soil 

because of high temperature and solar radiation which result in high evaporation of soil water, and thus 

potentially affect the plants growth. 

KEYWORDS soil heavy metal, monitoring level, soluble salt, soil water evaporation
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