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A Research for Environmental Problems in the Vicinity of Mining Area.
-Investigation into the Impact of Metallic Mining on the Environment and Solutions-

Min Jeong-sik, Cheong Young-wook, Lee Hyun-joo, Song Duk-young

ABSTRACT

This study is focused on the impacts of metalliferous mines on the 

environment in the vicinity of the abandoned and active mines and 

establishment of abatements of mining environmental problems. Total 

number of metalliferous mines surveyed were 40 in which samples of 

waters, mine wastes and soil were taken.

Water parameters such as the pH, Eh, TDS, conductivity, turbidity, 

dissolved oxygen and temperature were measured in the field. Elements 

such as As, Cd, Pb, Zn, Cu, A1 Mn, sulfate and cyanide were analyzed.

Significant concentrations of heavy metals, mainly Cd, Zn, Cu, Fe, Mn 

and Al, were found in mine waters from adit and in leachates extracted 

from mine wastes. The mine waters flowing out from the Dalsung and 

Ilgwang mines were the typical acid mine drainage(AMD) contaminated by 

the heavy metals.

Passive biological systems(Anoxic wetland) to treat acid mine drainage 

for metals were designed and monitored for effluents from the reactors with 

4 types of composts , cow manure and limestones. Results showed that the 

mushroom compost with cow manure and limestone was the best substrates 

in metal removing efficiencies.
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Results from leaching of mine wastes showed that As, Cd and Cu were 

extracted from some of mine wastes. Acid mine drainage from the mine 

waste dump of the Daduk mine was found. These mean that mine wastes 

can contaminate the soil, surface water and ground waters in vicinity of 

mines. Therefore cover systems or liner system for containments of mine 

wastes were suggested to preserve the environment.

Results of chemical analysis of soils showed that Cd concentrations 

ranged from <0.001 to 0.28mg/kg, Cu from <0.001 to 3mg/kg, As from 0.001 

to 0.27mg/kg and Pb from 0.005 to llmg/kg. Copper and As concentrations 

in soils surveyed were below the heavy metal concentrations in soils of 

Korean standard preventing plant of the crops. However, most of the acid 

mine waters are drained untreated, and mine wastes with heavy metals are 

distributed near soil environment. Therefore efforts to reduce possibilities 

of soil contamination in the vicinity of mining areas is required.
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2-3-2 #4 4 71# ^ 5# 24

#4#43 ## #434 5S# #4 414 ##44 45
7> 4434 #4 44#(#5 #44)# # 4453. 44 457} 7fl^£] $4-. 
1#44 #447)## 444# 444344 44# # $444 4##44 
## # #45. #4 #4. 5445# #4## #4 #44# #4 #44 
$# #4 4# $# 3##4 #34 #33# #4444 #5 
5#45 7# # 4## #444#(#44) 44#44 #34 #455 4 
#444.

2-4 44WS4

2-4-1 #(7S#, #44# 3##, 44# #)

4444# #4# 34# As, Cd, Pb, Zn, Cu, Fe, A1 4 Mn # 435 

#5# ##54 ##7](ICP: Inductively Coupled Plasma Spectrometer,

Jobin-Yvon384)4 444 #3334. 43 454# 45(#5 44#)##

600ml4444 250ml4 45# 444 444 #34 2.5ml# #5 7>344

25ml5 ##4# #4# #44 #3# 444.

41444 #44 #4# 34# SO?' 3 CN" # 4S&54 SO?'# 4#

3.5453144(IC: Ion Chromatography, DIONEX4H 444 #3334.

-18-
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4#(CN)#4# 4#4 ## 14# M4 #^144^4.

4&# pH 2«]t}s. 44 #4 44 4 5 4 M4 4-14^4 M^ifl 

15 7}# ##44 #44 4M #44 2144. 211 444## ##4

n #544. T# 14 144455 44 444 • 44## #4# 1# # 

H#ll54(Bausch & Lomb4 Spectronic88)5 #4 4#4.

2-4-2 444 4 #(44 4)

4444 44 44#4# 44#4444 44# ##43 444 #44 

#^1444.

4&4 2:4# 4-§-4 4# 44# 4S4. 4&# 4 4 44 #444 4#

4#14 44 #5155 45.4# #5444. 1455 PH7> 5.8-6.355 2 

44 #4 45.# #44454 (4 & 1:44 10) 5(XM 444 #44# 4154 

44. 5 4# a]54# #4 3,0004455 20#44 44#444 4#1# 

^•g-^s 444. 114# ICP4 4414 As, Cd, Pb, Zn, Cu, Fe, A1 ^ 

Mn #4 4 #4 #4444.

2-4-3 5.4
544 44 Cd 4 Asl54 44#41# #154 #1411 (£44)4 

#14 441 #*3444.

#, 444 45# #44711 #44 # 4 lOOg# 44 # 105°C5 214 
17112544 4-511- 15 # ##41# 7M4-44. 1245# 5.#4 
(2mmHl #4444. 4# # 4## #444 444 4*fl 1004 4 4 4& 4 
#445 44 lost44 141 1544 #1444 #445# 42414.

#4# #145# 10g 444 Cd4 1# 0.1N 11# 4 50ml#, As! 1 
# IN 4144 50ml# 15 #114-713. 30# 144 # 7]##4(Filter 

paper) 5#B5 4444 #4# #4# 45414 Pb, Zn, Cu, Fe, A1 1 Mn 

#4 15 #44-1# #154#1441 (s 1D4 147} 144 144 As 
4 #44514# 444 #4# 454 # ICP4 441 #4444.

1414 1444#(144), #41 5144 4(Salt) ^ 444144
—19 —



4^4 4# ^ ^ ^44 441 4&4 4

4)4 4444 £-4 (SEM/EDS)* 4^^4 JE0L4 Scanning Microscope 

(JSM-6400)# 4-&4-SK4.

44-4 €^15. ii444 5. 2-44 #4.

5. 2-4 44) HJ-D A4

SI M ## “Aju-g g| ^a|

^M)

#,

#0),

Sole
(SO^,

CN1

ICS

yoie

(As, Cd, Pb, Zn, Cu, 
Fe, Al, Mn)

ICRS

s)S# SSS4, Salt SEM/EDS

—20—



H>
o|o
xa
a
41

He
a
a
a
a

ll

|5
a m(d
ta
i4 a

is

A ^
5

xa|

-i>i

aft'*
i#

jot
a
61$
#

a
a
4
a
a
ojd
a
a
a
a
4
4j

m$
(6

|o 4
hu a

1$
it

Is

*e

a rju 
a m,

$ *■
*$

a v Jxd
a
$

4xaa
2S*

4" a
a 4a

wH Hu 4
Ii:

a ,
>$ 

HU Hu
l!

*$

aa

x&a

ai*a
If!

r|r 4 a
:::

a a 
aa 

HJa 
u*
a ojd
4a

j|m
dj
4^*
•^a
44
Id
a a 
t«a 
a a

r|r 4°
il

44 
iu)a 4
Hu a 
-Iff o|U
a%
14
$1 

a a 
41.00
5S

si

H> 4> 
aaa
a v,
•*S

5. 3-1

<>|N
4m

4 4 
Hi
$ "k
4L 00 
4 a 
41 mini
Rw -e 

4 
4

i
CO

YJ—1
4
5

a
4d£
c&
daa
!

H>
X

<41 Na
da
a
#a

o$i

rfti
r$i
41

00

anr
41
4
4a
i#
ad
a£
4
W
4
U
od
Hi

4>a
|o
Hu

m2a
41a
aai#oii
x$
l$I#
ad
41

nti
4
4
4M

a
Hu

a
a
6$C&
Jd,
rir
4a

4a
4
Hi

4
£
a
4a
t;

4ia
4*
00

xa
Fid
a

a$a
aa

a
5

aaa

41anr
4a
a
a

4 Yo2,
(di 4
a $
.#
n»

a
4
Hu

HW
4 n°

r°!i(di ri»
tid
K)

1

_hL Dfi
$ 4o

ni£
toa r°61$

m|o »£
-lida

rat
<£

1*Hu
Hda
a
mtJ
aojrt
402,

M
co
09

DU

z

m
 iE 

PE
 ^Y

:5
E 

H
a |

y
 {5 <

5 
PE

#



a 3-2 4F- 4, 7>*8 4#1! 44 ##4

441-8-1 444 # • 44# 7}44#

=r#.2.4
(45r"n"S")

-4444". 44^ir 4-8-4 44"4 
4SS. 4#
(44.31^, 444 4 24) 

-444" 24 
-44"€ 24 
-44 444 44

• 44 #2
• 4444 #4
• -8-44:44 M

• -n*4#2 /J>
• 4444 >>#
• -8-71444 %

4 44 4

-4*42# §i 4^# 44 
tei, €£, H^=, ?}## #4) 

-#44 #*
-44"**

•#44 4-e- 
•444 444

• #44 $1#
• 44 7>#

4*4 7] # 
(44 • 444)

-4*#4 4-^4# 44 
-444"S. 44 S 44(4444-) 
-#44 44 lis. *-§-

•441 44 
44

• -8-44444 
44 #4

• 44 ###a> 
7>#

#4

-^4 #4, *44 4 4*44 
#4 44
-*4#4 44 4-4 ^ 44 
-4 ##44 44

• #44 'JN • #44

2#
S 44

^4#4 4 4-4(44-4-4, #44 
4# #4 2:4) • #44 M • #44 %

• 44^-4

# 441#4 # 4#44= ^ 4#47l#4 4# #4^.4 44

ir 4f7l& #4. S-3.S 4#44" ^ 4# 47]##4 #4% T

-8-^4 4^(4^)l-4 #4 ^ 7>«a^4 44^ 44* 5. 3-34 **

4^4.
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5. 3-3. ^ 4
(Manahan, 1979; #, 1994)

^9*
4*\ 4 4] 41%4, 4# 51 45

4H#
(#4)5X44,41,£$-5%
(14)191,4 4,#4 44(444 4444), 
444-4.14X51%

(44)14 %4 4,54 444 4,4 44 4 4 4 4

9 4

(#4)95,99,4 5= 9-4 22 4%55,52, 
41,55,23]1431,44-431,3%55,1^ X 
44,544
(44)544,44-4 4^44,44,4444,
4 54,5"!,4 44/14444 (44444), 
5444/14 454

(45)944444

«1 6
(#4)9X44,195,%%,£$591«1,41
(44)4 444,44 4,4 9314,445,55.2. 
44 45,
54.454454

(45)9445,9444 44,14 %%2%

€

(#4) 49,9X44/11 214",11,44 4, 
44%
(14)4594,11,49,4414,11,444 
31,5141,44431944,444*11,4444 
4 44

(45) 14 %4%

5

(#4)4444, 55, 44, 4444
(44)4444, 2%%4#
(55)4424 44, 444, 121.
154 142.13] 1m.Omn/0.

(45)
9444441,1444%, 14 %4%
451 254| 44 (lppm°l 4)

4 4

(#4)4544,42,55, metalloenzyme3] 
19€X 44454 25,
44| ll(5mg/l)
55-4444,4544
4-4-444-4,41^45
(44)444

44, 95% 131
(45)14 %4%, 14 444 14 
252414 454 44,
244 Sl^ll! 7154 5

%

(#4)45, 55, 44, 4^44-, 
11,444,44%

(44 )4 554,44,45/1444,41,4 44 
3),9141,4443] 9431,44431,4444 
4 44

(45) 14 %4%

544-ell,4444,444,4441%
554# 424 544 4%.
25244 444 54, 54#93| 5414% 
(O.OSmgA 44- 11),959 42 55, 
49#9%13| 4%9 54 1 54 11

^14## 44 4544,£$44:4-4.4-4 4454 44

31223.1 45, 42,41 4 454 14, 
54-41
41-11

5,44,44271,4454 51% 4%
(54,49)
143144. 14231
#1592 454 314,42,4914,441 
5,42312,4592 54 94%
554 424 544 4%, 54#93| 531 
4%. 452(0.3mM)44 44

49-4# 4445 44 94445,5441 44,141 3144 1% 
(Al2(S04)3)49

-23-



3-1-1 4#7H#5 si# #45# 5#

#### 5£##31 4#7H#4 ## ##44## 4##444(Acid

Mine Drainage)# #4# 4 $1# #7|]4# 7>X)jl S)4. 4ih 44, 6>#, 

#, #, # ^ ###4-4 #4 4 #4^# #544 ## 4##4447l#ol

&4. ###4 #54 5#4# ####4 444 4#4 4#44 ph# ^

44 44 ole]# #444 ##44^ ##1:5. #^# ## 444 #
4. 444 4##444# #4 4W# 4 #### ##41 444 ##4 
#. 44. 44. 7>h#. 4# 4# 4#4# ##44 #4.

## # jp# ## 444#55 o]## 4 SI# 4444(77mo6oct7Zus 

ferrooxidans ^ T. thiooxidans)7} #444# 44 ##444 45# 4 #4

4# #7> 4# 4 S14.

4# #444 445## zl# 3-14 S#4^4. ## #4444 44 

4-4# -S-42## 444 #4 44# 4 $14.

Oxygen

Pyrite
(Sulfide)

•> ( Bacteria Water

Acid Mine Drainage 
(AMD)

zz# 3-1 4# #444 44#.#

-24-



FeSz + 3C>2 ~> FeS04 (3-1)

2FeSz + 2H20 + 70z -> 2FeS04 + 2H2S04 (3-2)

###4444r #0] #1414 ##4 l^a. 4(3-2)71 #_&#4. 4

(3-2)4 ####41 444 ###44#7l 1-44-4 44 2714 ^ 4# #4

6)1 ^.4. 44-.

4FeS04 + 2H2S04 + 02 —*■ 2Fe2(S04)3 + 2H20 (3-3)

Fe2(S04)3 + 6H20 -» 2Fe(OH)31 + 3H2S04 (3-4)

-8-el 271# 4## 4-4 4 (3-3)4 44-4 3711a. 44444 4 f# 

##3. 1144 #£( Acidity)# f7l& f4#7ll 14(4 3-4). 44 441

3.#(f#)#l# ##4#4 #341 3#4, 14 444 44# s#

44"#- #434 44-14.

7Fe2(S04)3 + FeS2 + 8H20 -> 15FeS04 + 8H2S04 (3-5)

37l 1# =l 44|7l #444s-s. 4 (3-5)4 444 4144 #41 # 

$14. 4 (3-5) 44 # # $1#4 1# ###Wr7l 1441 #^7l §14 

4-£ 1-444 #4444 # $14. 4(3-6) ^ 4(3-7)4 4# A1 3

Mn33 #£7l Ml t $14.

Al3+ + 3H20 -> A1(0H)3 + 3H+ (3-6)

Mn2+ + l/4Ch + 3/2H20 -> MnOOH + 2lT (3-7)

4 #4 1-444 ####33 ^4 Fe # S042'7l 44 44# pH7l # 

4 #444^71 M#4 14.
-25-



3-1-2 4% %43<§ 4#

® 4 ###7} ##4 44# 4#

- #4€4 4% ### 3<#

-§-^a) PH7> 4=4 #4 -S-Sfl5.<>n 44# 4## 5.4(Snoeyink -and 

Jenkins, 1980). # #4 ^4? 7]## pH4 s)5fl #44 4## %#4. 

# PH7> ####4## 34# 5.4 (pH 3 ## 71#) Al, Cr, Cu. 

Zn, Pb, Fe2+, Cd2+, Mn2+ #4 ##44 3#S5. #71)# ^ %

4. # 444# # #### 4# %## #4 ##7} % ^ $14.

- ###3 #3

4##44#44 ##%4 #444# #3* 32.4-# 44(4 3-8)43 
s. -g-e#34 43# 4=71% # 44.

4Fe2+ + 02 + IOH2O -> 4Fe(OH)3 + 8H+ (3-8)

444 #47} 4 #4 4 #44 -g-e #3fe 4 8mg/!(25°C)435 #4 
434 ## 4447} 4#43 44. #4 7rng/M 27}% 4 37} %5 #44 

44 4 lmg/i 4 ###37}-3M4. 444 44 4#4# #4 50~60mg 

/l 4 27}44 ##4 43 4 8mg/!4 -g-e #3# 7}4 #47} ^44 4 
4 44#44# 44 ##3 «4 4#41 444. %44#4#44 4 3 

mg/! 435. 44 #e #344 #44444 44 4(3-8) #4 444 4 

#443. 44M# 444.

- 43 #% ^ 4# 44# 44
43# #44# #, € 4 OT44 ##4# #4 444 #444 M 

44 #4 44#4 4#4#4 44444 #3 %444. 4## Yellow 

boy, 4444# #35. 4444## 4444 4-% 4## 4#44.

- 44(m&) 4#4 444 44
PH4 2#4 444 ##44 4#44 4444 4### 44(3^3-2).
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-T-'Si °]?]^-('white moss) #7}.

Target Indicators

=V% 3-2 pH7} 4# ^#4 4%

zz.^ 444 pH^#4 4# 444#4 &4s|4 $14.
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3-2 2!# 5AH2I-

3-2-1 #

3-2-1-1 7S^ £ ^#4=

^414 tfslr 7g4% -fi-% 2-^ir A>^l 3-1, 3-241 444314. 

734= 4 ^#4=#4l 4# 444 5. 3-441 4=444 31^-4'^

3-3^4 3-1341 SAl^^cj-.

-28-
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s. 3-4 7,g^ ^ #4 nm 9? 44
444 4* PH Eh DO Turb TDS As Cd Pb Zn Cu Fe A1 Mn S042- CN ti)JL

(WJ (mV) (mg/l)(mR/l) (me/I) (me/1) (me/1) (me/I) (me/1) (me/1) (me/1) (me/1) (me/1) (me/1) (me/1)
\ Ji’S S34 6.87 -38.2 9.0 389 486 1.210.001 0.079 0.26 0.001 12 0.57 10.4 397 444 44

44 ’34 7.2 279 7.0 236 100 0.0200.001 0.005 0.020 0.001 0.03 0.26 0.020 31 Nd 444 <9('3 44S))44
44 '34 7.6 244 8.2 243 68 0.3000.001 0.005 0.110 0.010 0.05 0.71 0.580 85 '3-* *9-
44 '3 4 8.2 211 11.1 283 419 0.2200.001 0.005 0.001 0.001 0.02 0.37 0.073 263 4244 '34

•oJt. 44 14'3 '3 4 7.57 181 9.6 380 575 0.072 0.001 0.054 1.72 0.001 0.016 0.58 6.84 535 4444a <9
44 '34(413) 3.6 377 6.0 222 1412 0.300 20 7 182 16.00 76 2592 41S3 Jl.£(4=3*9 444)
44 '3 4(423) 3.4 406 3.9 190 924 0.040 5 20 0.50 15.00 11 696 42 S3 31^(4444)
44 '34(433) 5.1 194 3.6 281 1551 0.240 ' 19 5 214 5.00 80 2778 43 S3'3 44114
4-4 '34 7.82 227.2 4.9 217 292 0.089 0.001 0.005 0.001 0.001 0.017 0.35 <0.001 137 '34, holding basin
44 '34 6.9 84 6.8 399 43 0.050 0.001 0.040 0.900 0.010 2.66 0.20 19 594 4'3 444
44 '3 4 7.1 185 3.7 239 506 0.021 0.009 0.023 0.700 0.010 0.01 1.32 0.220 700 44'3 '3 4
44 '3 4 7.8 9.6 295 475 0.036 0.003 0.005 0.063 oioio 0.001 1.02 0.009 415 a 4'3 nil 4'3 4

44 1M '34 7.54 233 10.2 257 180 0.600.001 0.005 0.027 0.001 0.022 0.21 0.002 61 Nd 441144 44 444 44
444 '34 4.9 276 8.1 386 60 0.050 0.100 3 23 1.040 0.52 4.22 1.630 156 '3,4
°j4 '34 2.7 560 8.2 208 32 <0.001 0.190 0.190 15 19 177 27.50 4.740 955 5 S3 '3 4
°J4 '34 4.3 309 7.1 221 1870.001 0.010 1 1.270 1.240 0.84 4.16 2.000 165 44 44 4 4°J4

^lis3# '3 4 8.36 200 9.7 219 152 0.013 0.001 0.005 0.004 0.001 0.019 0.300 0.019 39.7 44'3 4 44
a%) #4 '34 8.2 188 7.6 195 162 0.001 0.001 0.005 0.120 0.001 0.02 0.30 0.180 28 '3 4°J- S3 4

44 '34 4.9 299 9.0 334 603 0.0200.001 0.005 0.090 9 0.04 10.60 2.380 718 Nd '3 4*9-
44 4 -&4 8.3 210 6.2 228 287 0.009 0.001 0.005 0.001 0.005 0.02 0.24 0.003 144 Nd 4=1 S3 444
44 444 7.4 109 5.7 175 256 0.0070.001 0.008 0.001 0.001 0.05 0.27 2.100 46 0.011 44*3 44 SM til44
4=4 444 3.6 388 5.2 474 307 0.029 0.022 0.720' 11 0.380 0.82 4.16 6.760 248 444 nil 44
4=4 444 4.0 4.3 244 0.060 0.046 0.240 9 0.440 2.51 3.40 4.400 225 444 tin-f4(24 44)
4a 444 6.9 84 6.8 399 43 0.070 0.040 0.340 35 0.260 1.68 0.34 17 378 44444
*r Jtl 444 6.7 146 7.4 236 180 0.013 0.001 0.005 0.610 0.001 2.81 0.78 1.420 152 444 44
4-3- 344444 8.74 174.4 5.0 237 278 0.061 0.001 0.005 0.001 0.001 0.02 0.31 <0.001 138 S344 4N4 44a
44- 44444 7.86 176.5 4.5 215 278 0.027 0.001 0.005 0.001 0.001 0.017 0.46 0.005 148 44444 444

Nd: Not Determined



1.

-30-



tfrlr
tfrlr 
o}n)-R-J

tnsr
rlB
tlD*>
PtJ
^ oiu^or-lr

oWfc

^=Pio
^>Pio

P

st-H3
Pl-rir 
tinmp 
tim ^3 
tin) ^3
rlP^T^rl-J
rlo^
rfJslr
rt-JsIr

^ CS O 00 VO cs o

M

&w
w
ujo

<1-
#w
-p'K

??
^ii

I
S'

w
M

TD
S

<1-

. i.—-»—i—

ok Mr
pj-Mr
oItr-j
<P%HPw,
tnr
r|p$)
r|a^°
Pt*
K-iom^otfr 
If.

cMp P 
^orj-ujo ^

^opbp\fp
sMsp
nhrjr
tin)
tin) ^3 
tininp
rjp -M t<o M-J 
rloW3 
rl-Jmlr 
M-Jslr 
rJ to

ooooooooo
OOOOOOQOVOtNOMVO^CS

yStu

3L
%

 3-4
. #

##
 

^ ^
#4

= ^
4 4

# 
TD

S t
ils

.



As

# - t-s- y#
^ ^ #4

n^ 3-5. ^ ^ :T -5-4 rfltb As ti]57

Cd

0.30 

0.25 

0.20 

So 0.15
5 0.10

0.05

0.00

-

7<9 4|

I

3#f 714

1 1 , ,1 1
JL J 1 IMI.I 1 1 1 ■ 1 ■ 1 1—1 ■ ill

1 1 ^ ^ ^ ^1 s. y q- q-

5
y ^

3.^ 3-6. 7g^ ^ ^ #4 « Cd tils
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Pb

3.0 

2.5

2.0 

g) 1.5

1.0
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0.0

i y ^ a y q-q-
^ %* y #
5" ^ ^-4

=l% 3-7. 75^ ^ #4 « Pb tils.

Zn
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%94^1 pH7> 54 42S 717# 3-1), H 4(4-4 3-2), #

4^, 44: 44 #4 7S^^4(n^ 3-3). 4# % 7g^ 71b}- PH7>

4 $14 % %94"#4 til511 ^£7> ^$14. #, pH7> <HW
4 ^ 44 444 7S^7> is.A} ^ ^-Tj-S} AJ-7J 73^6)1^ Zn(n^

3-8), Cu(2^ 3-9), Fe(n^ 3-10), Al(2|] 3-11) ^ Mn(2^ 3-12) 44 3 
^£5. -t-fi-44 $)4.

4-442.5. jf-E} #44^ 4*^4 2-^i: A>^1 3-3 3-46)1 <£«.

4%4.

M4- ^#f4 ^-T- 4W4 pH7> 14 ^ 24 SA>14 3.6 ^

4.025 71*1144 4{li7l#(444)s ^-Bl 4:44^7} t^S|lL $1%4(ZL^

3-14). 4444:4 4-44"(44 3-3) 4-4^ ^ 4-44* f-#4^4 *)3n

24(5 3-5) SA>4 4^-44 4^444 4442 $1&& 4 e $14. 44 

Cd, Pb, As, Zn # 44 #4^4 f#7} 4444] 444-2 $14.

44 444-4: 4-44- 4-T-4714 4#4"iAi o.Ollmg/^4 a}o>o}

$14.

4-44 =r 4 4#"ri 4# 4^44&# #4244 ^4^1 244 4«|

fl-4 4 8S 44 54 24#4 i#4-§- 7ie4("7MM")4 ti}a# 44(5.
3-6 4-2), 7g^ ^ 4#4"i4 4-#4# 244## #5 pH, Fe, Zn, Cu, Mn 

#4$l2 Cd, Pb, As #2 i#42 $l$!4. 444 44:#4 #4 244 4 
# 4#i 4# 24 4*4 244 $144 # 444.
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44 3-3 433-# 3-44# #3. ## 3-44# 44# 44 44 44 
4 44# M 4 #(3*4444 34#)# #44 * = 4-7X4)
3-444 #4## ##44 3*444 #4 ss 444 44# 
#44 3-444 # 4#s. 4444. - '
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S. 3-5 4*4## 4"^^ al^

ti] 31

pH 6.3 4.04( 4 ) 2.26#d:

-8-eth^ 5.2mg/ ( 4.3mg/1 (l) 0.9mg/ i
TDS 206mg/£ 244mg/!(T) 38mg/1
As 0.004mg/ i O.OGOmg/ & (t) 0.0056mg/ i ^7}
Cd 0.011 mg/ i CIEiSti

#n|g

0.046mg/ i (t) 0.035mg/ i ^7}
Pb 0.045mg/ i 0.24mg/1( T ) 0.195mg/1^-7}
Zn 2.4mg/ i 9.1 mg/ i (t) 6.7mg/ i ^7}
Cu O.lOmg/1 0.44mg/ i (t) 0.34mg/1 4r7}

Fe 0.004mg/1 2.51mg/!(T) 2.5mg/ i ir7}-

A1 0.30mg/ i 3.4mg/!(T) 3.1 mg/ i #7}

Mn 2.6mg/1 4.4mg/1 (t) l.Smg/ i ^7)-

S(V" 152mg/1 225mg/4(f) 73mg/ i ^7}

#3L: s. x>5.^ lx> 2:A>x>S<y



8. 3-6 ##734= ^ 3L
^x*4

3^fr^x
pH Fe

(mg/l)
Zn

(mg/l)
Cu

(mg/l)
Cd

(mg/l)
Fb

(mg/l)
Cr6>
(mg/l)

Mn
(mg/l)

CN
(mg/l)

As
(mg/l)

F
(mg/l)

*2
(°C)

Total
N

(mg/l)
*4
(mg/l) 42

\^7>”Xl ^
5.8-
8.6

10
44

5
44

3
44

0.1
44

1
44

0.5
44

10
44

1
44

0.5
44

15
44

40
44

60
44

8
44

71 @4
(32)

#4
(4 14)

• • • •
47l|
4*
24

*4
(4 24) •

6711
4*
24

#4
(4 34) •

67H
4*
24

ti#
(54 ?33)

57H
4#
24

■a#
(4443 
3 *43)

• # •
37H
4#
24

433 • • •
3711
4*
24

44 • •
271)
4#
24

34 •
17H

24

44 • •
27B
4#
24

#2 • •
27H

24

jl4 • • •
37H
4#
24

*4(44) #
17B
4#
24

* * 4*44-713* 2443 ##* 44#
* egasM 3##^ iL## 4*3t?-4 4 82 5(“7>”44)
* 43.33* a 3-4# #2

41-



iS

1

RAINFALL INFILTRATION

ZONE OF OXIDATION 
WHERE ARD CAN 
BE GENERATED /

SURFACE WATER RUNOFF OXIDATION FRONT 
GRADUALLY MOVES 
DOWNWARD

ID SEEPAGE BEING NEUTRALIZED X#:# 
BY TAILINGS SOLIDS AND/OR #%/ 

RESIDUAL PROCESS SOLUTION S/

PARTIALLY SATURATED ZONE

mGROUND WATER 
SEEPAGE SATURATED ZONE \

MIXTURE OF RESIDUAL 
PROCESS FLUIDS AND 

INFILTRATING ARD

3-14 44444 jf-E)

4444 S£*6\] pH7> 6.34 #4 4444 #4
44^14 4444 pH7> 444 444444i-r)7> 44
# 44 W44.



3-2-1-2 #15
#15 ^ 1# 4 5.551 4 th 54 34 4471- 5. 3-74 531! ! 

4*. 4 714 #155 53. 4#5H 11# 2#1#5 4 4 4*4 4*4 1 5 
425 45 33 1#52 33#?1 115 1#5, 455, 4*4 *H#5, 4 
51 5 5!!#.

4#5€ #15 ^ *11351 545, 4*44 145 Mfi 44# #4 
& 244 #4 44€ #4444## *11102 #44#4 4# 54131- 4 
241 5. 3-84 53#^2, 45 43-4 ##4 2# 3-15-2# 3-194 2 
4 #4#.

454# 131 331 4#4 pH5 4.622 4444 X 3-84 #11 
4# 44* 3-41 44-444 #21 21 4444" 244" 4#4 542 44 
lr4 5 #151 4 #-3- 434#l-5 l7fl 1 444 44-6- tiH5#5 #1 
224 #54#! 1# 4 #4 444

444 444 444 4#5# #15 #4 Cd, As, CN 4 Pb* 4 #4 
4 1241 444 44.

Cdl 43, 41444 411 #3! 14# 1441 !#5!4 Cd!
O.Ollrag/ £ 2 3-44421 1 53 1423-4 1422 D1M4.

As4 43-, 4442 1 #15(0.053mg/ &), 42(45)4! 2 45 43 
4# (0.056mg/ i), 4-444 1411 53#l(0.08mg/U 41 414 141# 
l(0.58mg/.e)14 1#1! 441 144.411 As451 1#14#.

CN3 544# #3 #114 0.013mg/ i 1 1#141.
Pbl 43, 454# 43 35144 0.17mg/4, 242. 454# 511 

12454 35 55114 0.12mg/is. Pb7> 3411 #4151 1# 54 
2! #41 #!€#.
1#4 4#7H#2 414 45(52 Cd, As ^ CN 5) 1 4#51 #1! 
3E#11 #11 14 # 11145 315442 155 4 5 14.

—43—



3. 3-7 3Hl<r ^ 7)4 x)3*M rfltlr i? #4^4 44

449 4 a pH Eh DO Turb TDS As Cd Pb Zn Cu Fe A1 Mn SO,'" CN u]JL
TWJ (mVMmg/l)(mg/l)(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/1) (mg/l) (mg/l) (mg/i) (mg/l) (mg/i)

## 444 7.1 221 9.5 202 466 0.020 0.010 0.020 0.220 0.020 0.22 0.13 0.010 38 949444
4 44 7.5 246 7.8 197 402 <0.001 <0.001 <0.005 0.030 <0.001 0.43 0.07 0.140 31 #4 ##4(4)

## 444 7.6 239 7.4 385 123 <0.001 0.010 0.030 0.340 0.030 2.11 1.84 0.300 95 #»l##4(#)
444444 7.6 222 7.4 327 430 0.056 <0.001 0.009 0.40 <0.001 0.022 0.53 1.05 354 #9 4 94 #4 #43

4# *14 4^ 6.3 5.2 206 0.004 0.011 0.045 2.400 0.100 0.00 0.30 2.600 152 ### #94(2# 4#)
°<H4 4444 6.6 286 6.7 234 518 0.050 0.010 <0.005 . 15 0.030 0.35 0.80 0.060 19 #•$■9949
44 • *144 7.4 208 5.0 208 165 0.010 <0.001 0.010 0.360 0.010 0.63 0.22 0.240 70 ### #4 lfan
44 *144 8.5 207 9.3 215 200 0.020 <0.001 <0.005 0.070 <0.001 1.06 0.14 0.140 40 #4 #9 #°19
4 JE. *14 4 8.4 225 15.6 179 86 <0.001 0.001 <0.005 <0.001 0.015 0.02 0.15 0.002 22 ### #4*1-43

49(4 4) *144 8.4 65.8 6.4 224 227 0.007 0.001 <0.005 <0.001 <0.001 0.017 0.40 0.032 82 Nd #9# #4 #43
•54 *144 8.2 224 8.7 178 72 0.053 0.001 <0.005 <0.001 <0.001 0.04 0.09 0.001 32 0.013 494a 9 #43 4

44(44) *144 7.9 185 7.0 191 221 0.002 0.001 <0.005 <0.001 <0.001 0.04 0.22 0.280 60 ###4 #43
44 *144 7.9 199 7.0 178 220 0.024 <0.001 <0.005 <0.001 <0.001 0.018 0.36 0.054 158 4##4 449 99#43
44 *144 4.6 270 7.5 330 279 0.012 0.003 0.170 0.200 0.041 0.41 9.36 1.220 277 #4## ###43
44 *144 6.1 155 8.2 386 328 0.012 0.003 0.120 0.140 0.017 0.94 1.58 1.050 307 #4 44
44 *144 7.3 206 8.3 382 148 0.034 0.002 0.014 0.031 0.013 0.07 0.31 0.086 90 ####44 9 94494
44 *144 8.0 195 8.9 357 514 0.016 0.002 0.061 0.025 0.012 0.01 1.12 0.620 422 43## 44 #43

44 4 44 *144 8.2 236 8.3 330 213 0.010 0.003 0.019 0.110 0.010 0.01 0.55 0.058 100 ##44449-9
44 *144 7.4 231 7.1 220 39 0.58 <0.001 0.003 <0.001 0.002 0.23 0.085 0.087 12 #=)# #4 #43
44 *144 8.0 209 5.7 164 47 0.08 <0.001 0.007 <0.001 0.001 0.032 0.12 0.004 9 ##*M4M9)9*1 #44 #43
44 <14 4 7.1 197 8.8 250 90 <0.01 <0.001 <0.005 0.250 0.003 0.08 0.31 0.330 51 #9#44# 49# #43

4| 2 4# *144 8.2 214 8.5 181 499 0.004 0.001 0.034 0.039 0.001 0.04 0.59 3.400 459 Nd 9 44#"! 9 #4
4| 2 44 *144 8.2 221 8.7 175 178 0.008 0.002 <0.005 0.200 0.002 0.02 0.31 0.029 83 4 2 9# 94 9 #43
4)1421 *144 8.2 180 7.8 209 38 0.003 0.001 <0.005 <0.001 <0.001 0.021 0.058 0.03 13 94 a 9
411421 *144 8.0 170 7.6 203 954 0.008 0.001 0.029 <0.001 <0.001 <0.001 0.91 4.0 1059 Nd #29 #4 #4
3£°J44 <144 8.1 197 7.1 193 206 <0.001 <0.001 <0.005 <0.001 <0.001 0.01 0.38 0.052 40 Nd #9# #4(150 M)#43

Nd: Not Determined



3. 3-8 XII102 ##4 4# =T%7ie^ n ^7]

t"6: 23^s}^- ^^.5. 2^V^

ol-S-sM'S
2)-§-tfl4

7i e

pH 4
fog/*)

Cd

(0.01®«5/l°M)

As

(0.05iig/Z44)

CN

(M*)

Pb

(0.1n?/i44)

4f4fl# 6.5~8.5® 7.544°

44=4^24
*r9-8“rl4
4=444=

6.5—8.5

m
44=44=34
4=444=2#
#444=1#

6.5—8.5

6.0—8.5

W #444=2#
#444= s*S8

9#
(4.6)

#444=3# 6.0—8.5

5°14

544

14 

4
N

244

244

4444
44

S9#HH 
*}“Sf£i (0.053)

#2(95)99
6 ss 4¥4
S (0.056)

^gSJAJXJ^Ig
“5Sf£!(0.08)

sasnis
omsta(os8)

9
#2:1
st£!4=
OS)

9S ssa
9ft(0.17)

954^3# 
±. ¥54S 
(0.12)

^Ml: 7l^l°J
^42: 71# ^4 # pH, -§-e^2^ ^M41 BOD, SS,

4#^ £#iL3:4 7]e# T^r, -n-7lti, 67>H-§-, PCB, ABS(Alkyl
Benzene Sulfonate: #44]^) 4 JE4M 4144
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^ ^ ^ ^ °l] 2 2 l l H
S> c] # tl # # #

7\ 7\ ^ t)- <3= 7} 7} 7] ^T 
^•aj.^^9--sj--a}-5.^ g 

# * 7]

3-15. *l$=r3 pH

TDS

1000
900
800
700

2 2 1 1 ^
# ^ 7l Sir n] 2 <3 S <3 tf
5- 3 3

n.% 3-16. TDS
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A1

■a)--sj-3:Gj9.-aj--8)-£^^^Bj-^.^.-S.-^o}i^ig-^i2 2 1 1 3
%■ -§■ y\ 3- *i 3333#-a- 3 3 ####^

rz.^ 3-17. A1

Mn

3.5 -
3.0 -

7l7j-g-4^=7}7Mg-^-^^^-^-^^-{1^4&7|]7]|7{]7(|S:
2 2 l l 3

# -§• 7] si ni 3333#
3 33

zz.3 3-18. 33^3. Mn
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SO42"

1200 

1000 

800 

bb 600s
400 

200 

0

2 2 1 1 g
^ ^ 7\
■2" y

s>
=8

*1

nH 3-19. x}&^£\ S042"



3-2-2 4444#

4# 444 44 4|7l#(444) 44 ^ 442-#o] A>^1 3-5~A>^ 3-9 

41 e#45&4,

4444 44 M#4 4#(As, Cd, Pb, Cu g CN) ##4^ #444 

# 5 3-941 ###^4. 44 Fe, Al, Mn il Zn ## 444 4 #4 4544 

-§-# 7}# aj«.6]s.S 5. 3-941 544^4 o]# 4### 3-20~n^

3-2741 £A]^^4. 7]£(Cu; 13mg/!), #4 (As; 16mg/U 4f#(Cu; 4mg/ 

£, Pb; 6mg/U 44(As; 47mg/!, 1.79mg/U #4(44)(As; 6mg/£), #4 

(As; 3mg/£, Cd; 1.73mg/n 3.4 (Cd; 0.4mg/^) #4 4444##ol M## 

(#3. Cu, Cd ^ As #)# #4# 3 33. 4444.

4, 44 44 44## -§-#4114 4:44171# # #4#4# 4#4 # 

4 414#5. ##4 ^ $134 #4 4 4 #3 44444 t 4#4 4s 

#4 4 344(5 3-10).

444)71 #4 454 -§-#444 Fe, Al, Mn 4 Zn #4 -§-#44, 715. 

(Al; 24mg/-6), #4(Pb; 2m/i, Zn; 55mg/-O, #4 (Zn; 8mg/ i, Fe; 292mg/ 2, 

Al; 54mg/ i), 44(Zn; 8mg/!, Al; 12mg/£), 4=##(Zn: 21mg/!), #4(Fe: 22 

mg/l), 4]244(Mn; 15mg/4), 34 (Zn! 29mg/l, Mn; 15mgZl), 44(As; 47mg/ 

!, Fe; 42mg/1), 44(44))(Zn; 43mg/l, Fe; 332mg/4, Al; 14mg/£), 44(Zn; 

37mg/jg, Fe; 26mg/£, Al; llmg/ji, Mn; 10mg/4) #44 4444 444 €3

#4 -§-#44 444171 #44 444 4441-4 «g#33 4444 444 

#4 44444 41-4 444^r4 #5 44 44# 4443. $14.
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3-6 #5. 4M#4] ^44 ^1*} -n-4s^Wll^l^^^-)

-50-



44 3-8 44^14 #(44 4) 442-^

-51
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5. 3-9 44

##•# 4i As Cd Pb Zn Cu Fe A1 Mn CN tilJZ.
rF?n (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
343 <0.001 0.010 <0.005 0.040 <0.001 0.02 0.02 0.020 #4#

4-£ 343 0.090 0.010 0.140 1.700 13 3 24 3 Nd 43## #4
3* 343 0.32 0.40 1.51 29 0.021 6.14 1.04 15 434-2.3. :>VJ #(###)
4# 343 0.020 <0.001 0.050 0.030 0.010 0.04 2.31 0.430 Nd #4#

443 >)% 343 0.04 <0.001 0.029 0.029 0.01 0.015 0.89 0.26 #4#(SM, -9=3 4 4-)
4# 343 0.025 <0.001 0.051 0.014 0.013 <0.01 0.40 0.740 Nd #4#
4# 343 0.052 0.50 2 55 0.550 <0.01 0.87 0.250 443## 44 -£3°J #4
4# 343 0.039 0.016 0.075 0.790 0.017 0.01 1.03 5 Nd #244 # #4H##*1)
4# 343 16 0.022 0.190 8 0.570 292 54 1.040 #4 #(*)##*))
4# 343 0.020 0.050 0.050 8 0.280 0.14 12 3 Nd #4#
33 343 0.047 <0.001 0.240 0.190 1.280 2.82 3 0.260 4#4# *1-44 4# #4
3-5 343 <0.001 0.020 <0.005 1.510 <0.001 0.02 0.03 1.160 Nd #o)#
-&Ji 343 0.065 <0.001 0.045 0.23 0.009 0.01 0.89 1.26 ##4 4 4 #*)#(##), ###*]
#-SL 343 <0.001 0.030 0.080 8 <0.001 0.02 0.05 7 #4#
3-5 343 0.012 0.004 0.350 0.090 0.009 <0.001 1.21 3 4MM #4

4-3 343 6 0.16 2.35 43 3 332 14 0.21 Nd 43## 44 ##444 #*1#
33 343 47 <0.001 0.17 .0.13 0.21 42 0.94 0.055 4 ##44 #4 (It #J£)
33 343 1.79 <0.001 0.065 0.05 0.19 5.24 1.06 0.034 ###4 <9 4## #”)#(##)
#44 343 <0.001 0.150 6 21 4 0.04 1.24 0.450 #4#
33 343 0.036 <0.001 0.019 0.068 0.008 0.013 0.44 0.074 #4 #(#4# ###-£ 4 4)
33 343 0.035 <0.001 2 0.760 0.084 22 5 1.450 #4#
34 343 0.11 0.20 0.12 37 0.15 26 11 10 #4#(##, #4), ###*1
34 343 3 1.73 1.73 156 0.78 0.43 0.55 12 #")#(##, ###), #444
°j# 343 0.0100.001 0.005 0.110 0.320 0.04 0.69 0.100 Nd

34 34 343 0.1000.001 0.010 0.230 0.010 0.03 1.46 0.350 Nd #4#
4) 2 34- 343 0.092 0.042 0.200 4.100 0.010 0.04 1.08 15 #44 #4#

Nd: Not Determined



As

S 20 •

7] 4 ^ #9
E} Efl ^ #

3-20. ^-4# ^-4^]7l#(M4)4 As f-^tils.

Cd

^ 08 •

433r3-3333444S4M)-^####-&-&^g;!l;4|

71 "9- -§- 4
4 ^ 4 n

^41

3^ 3-21. 4KN 44417l #(^-4 4)4 Cd 444 s
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* i

Pb

S 3 •

7] ^ ^s- ^ <3
3 31 g

^-#1

3-22. ### ^3f]7llr(^]A»o] Pb

Zn

7l ^ -§• . # <3
hi 31 g #

zl^ 3-23. 4HM7l#(4M4M Zn ##H]37
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Cu

7l % ^ <9= 3
e? bH #

3-24. ### ^^7ll:(^lA»sl Cu ^tilH

Fe

£ 150

7} ^ ^
Hi Bl) ^ 3}-

3L^ 3-25. ^-<4# ^-4^7ll-(^-ulA»s] Fe #^12
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A1

7] «■ -s- <3
m Bfl «1 a*

zi^ 3-26. ##3M#(#44M A1

Mn

7i t ^ ^ ym Bfl #

zz.|l 3-27. Mn
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5. 3-10 
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3-10. Back Scattering Image. ^4

A}^ 10/zm°l s} ^ a-| z%4 ^V\A

# #4# <yA>^ EDS ^S. ^/an^^S) 4H4

H 4444
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0.00 VFS=2048 10240
30 EXEC(7-D)DATA LABEL

rz.4 3-28. 4444 4^4 (4# 3-10)4) 14^144 44 EDS 4^44

0.00 VFS=2048 10240
30 EXEC(7-D)DATA LABEL

3-29 4444 4*14(44 3-10)4) 24 4441 44 EDS 44
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3-11 44 Ml 4(44xj-)s] Back Scattering Image, s)Til

Mir ^5. 4444 44# ##M °j£r 10M

44 4.
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0.00
30 EXEC(7-D)DATA LABEL

VFS=2048 10.240

=L% 3-30 £444 444.(44 3-114 14 444 4# EDS #444)

0.00 VFS=2048 10.240
30 EXEC(7-D)DATA LABEL

^4 3-31 £444 444 (^1 3-114 244^4 4# EDS #444)



0.00 VFS=2048 10240
30 EXEC(7-D)DATA LABEL

3-32 3-H2] 311 A] ^6)] tfltb EDS ^ W)

0.00
30 EXEC(7-D)DATA LABEL

VFS=2048 10240

=L% 3-33 ^]%4 4MAKA]-# 3-112] 4H tfltb EDS
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99471# 44 €4 ^ 9949# 5.4H45 9999 37fl 4

#94. 49 £444 9949#4 44 44# 3-A 45, 949 ^ 94£ 

4544 5S.4-2-3. 4#447> 7>9 EtR^f, 9494 £ #). 44 ^ 4 
49 444 9 ^ #4 #£#4 4944 $13L 944 44€ 9#

9949#£9 49#(-§-4#)4 947} #944(5499, 9 £99 #)-.

9949# jti.994 #£#(49#)&5 #94 49#(£^L ^ <9-71), 

9949# #9 9-71 ^ 999 #£#(#4, #aslm9, ^Covering 9 # 

4)## # # 94.

4554 994 9 #4 4 99 t11#t, 4#T#4 #94 £& 994 9A 

4 44 44 9944#94 9# 444^(4= 9#49^) ^9 44(4: 99 

94£)°1 49471 #944 49 9-2- 997> ^3 94.

S9 9949# 4494 94 494 954 #4(4: 4499)99£ 

44 #€(£49)94 9949#7> #499£ 94(4: 9499). 9€

9949# 7M14 #44 #4££ 99 %*&&(£ 9 9# 99)£3. 95 4 

# 99#4 €€499" 49£ 94.

—64—



3-2-3 24=

24=4 W 4471- 5 3-114 =t44^31 3.4 3-34-34 3-41

4 244$4. 24=4 444-^44 Cd# <0.001 ~0.28mg/kg, Cu# <0.001-3 

mg/kg, As# <0.001 ~0.27mg/kg, Pb# <0.005-llmg/kg #4 #244# 444

%4.

=#444 5.44 (### 444# 24=#4 # 3 4##(125mg/

kg 44), 42 ^ 3 4##(!5mg/kg 44-) 4 #2 if444 2=44 24=4 

Cu € As#4=# 42.4-4, 4## 4#t4 24=4 Cu 4 As #4=1- 7ie4 

3.4^ ## 44=44(5. 3-12). 44 4# #2# 24=443.44(964 l€ 6 

4 4^)4 24=54 444e(if4 4202)4 4 24# (##4-, 1995) 4e4 

44^152 444(5 3-13) 24 #4 444-44:# 4# 1=2 M 4244 

24= 24 44 444 €54 g# 452 4444.

44 44#4 544 ###7l# Jp# ##44^4 #44 44# 447)1 

#4# Fe, Al, Mn, Zn ## #424, #44# #2444 Cd(0.28mg/kg), 

Pb(llmg/kg), Zn(18mg/kg), Cu(3mg/kg), Fe(99mg/kg), Al(67mg/kg), Mn(6.4mg/kg)

4 #444#4 44 44- €4- 4#47l#4 *144 #4 ## ;1## 44 
2 #444 44# #4=444 ##4 452 4444-. 444 4 #4^4 # 
44 444 #44# #24=4 4# Fe(83mg/kg), Al(37mg/kg), Mn(14mg/kg) 

#4 444 #444 44 4###4 4# 44=4 4# 5152 ##44.
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S. 3-11 £0M 4# ##^^4

'.V. 1.

£K
' : '.*

I
03
03

:N<'

443 4* As Cd Pb Zn Cu Fe A1 Mn 1 ti]JL
[^n— [mg/kgXmg/kg(mg/kg;(mg/kg;(mg/kg)(mg/kg)mg/kg (mg/kg)

44 4x4 0.050 <0.001 <0.005 0.150 0.001 0.06 0.12 0.020 4«]444 100-lG0m
44 4x4 0.0500.001 0.005 0.020 0.010 0.05 0.08 Nd 4=1444 800-900m
44 4x4 0.0300.001 0.005 0.060 0.010 0.45 0.26 0.010 443 4
^4 4x4 0.270 0.006 0.530 0.820 0.930 83 37 14 4=1444 4x4
44 4x4 0.180 0.28 11 18 3 99 67 6 4 444 34 4x4
44 4x4 0.230 0.001 0.005 0.500 0.020 0.07 0.23 0.740 4=14 44 4
4-SL 4x4 0.0200.001 0.005 0.200 0.001 0.08 0.18 0.470 4=1444 4
4-i 4x4 0.001 0.010 0.040 2.520 0.020 0.04 0.48 1.100 44444 4
4 4 4x4 0.118 0.025 0.43 3.37 0.037 437 62 26 4444 4.54(4x4)
44 4x4 0.0900.001 0.005 0.140 0.020 0.04 0.01 0.200 4444 60m 4

44 4^ 4x4 0.013 0.007 0.094 0.66 0.025 0.11 14 13 4=14 44 43 4
44 4x4 0.047 0.008 0.23 1.99 0.26 28 27 25 4444 444(44,4414)

44 44 4x4 0.0200.001 0.150 0.320 0.200 0.23 10 0.160 4=143 4x4
i°J 44 4x4 0.130 0.033 ___ 1_ 2.310 0.012 0.52 0.89 202 444 44 4x4

Nd: Not Determined
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5 3-12 4#iL41 5.41 4## 4 302 15. 61 ##4#

44 #& ^ltt # 4# 214#

7>. #4#

## #4#4#41 #4 #14#

S4
(#4 4-f 
4 4 44)

4=4 zi 44#

#4 4 zi 44#
44 4 zi ###

#44 44 #1 4^4444
lmg/kg 44
S4#l #441= 125mg/kg 44 
5-4#l 4444 15mg/kg 44

5 3-13 S#2l4#7ie (#4 711202 #1)4 M4 2414

1 tilH(yv#7>, 1995) (41 : mg/kg)

J2-!#4 #44 #4/4141 #24 44 
(14)

7>H# 4 30 <0.001-0.28
#4 125 500 <0.001-3
42 15 50 <0.001-0.27

#4 10 40 #44#
4 300 1,000 <0.005-11

67}a# 10 30 #44#
44 5 300 #44#

x 414#

• #44 • # • 1 • 44# • ■#:<h§*4, 4 #■§*4
• #4/4141 : #444 • 44444 • 444
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*ii 4 g- n

4-1. 9@5@ SMCHsi

49319 ^P# 4 #9 ##9 444 99 #4 44 499(4 &9)"# .2. 
<9444 39#95 9-49# 444. 9, 444 99194 444 4444 
#39 9, 4-4:, #94#, 43#, 4^, 4, 44, 94 ^ 9 #4 4# # 
##9# 594 44497} 94 94 ^ 59#4# 49933 34494. 
444 9939# 44 9494 49 ?H9 4 944 934 44.

4-1-1 4449(4#9) 4# 49

4444 449-44 ;H#4 9#3l96ll 44 9934 94 ’ 319(71#)# 

3.4 94/449 334# 4*4:49 44 99(Active Treatment System)3} 

994/944 99(Passive Treatment System)*-5. 9# 9 44. 44 49 

4 4449 449419 994/944 44 994 4943 4-2-4 94 41 

9444 444 994/944 9949 94994 -2.944. 449 99 

4/994 9 44 #(7114)# 944 9 • 31943M149 &394KM) 44 
7193-4 3943 $19 #994.

4444 434 4 $19 944:4 31931 44 44 99 9499# 44= 
44 45-44 934 94 3 44444 334 444 34 994 39 9 
949 #4444 994 4#44 94, 4-4### 999 999/999 
94 933 99 9 9 $14. #4499 944 #9419# 4 #49 9941 
994 4449 4944944 44 9#4 31944 9933 9444 
(Sengupta, 1993; Sawyer and McCarty, 1978). 9 94# 44 5l#94 99 
449 #9 9 4497} 49933 44)4# 499 $14. 344 ##4/9 
99 31944 94# 49#44 4#&# 943194 M39 ## 494# 
31# #4 #7149, # 94 #33 31944# 4544. 449 94# #9 
til7} *14451 94999 999 $1# 94 3199 #9 ^ 9# 343 314
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5## 3.^44 4#4A5. 44 A] *3 5] 4 &#4 **4

#4-4 444 $14-. #*4/*#44 4# #4444f 4si M# 44# 
^;D#-4 4-*# #4.

® 4# £44

4# £44# 444 444)=r 44 4 44444# #£# # 4^ $1^ 

4&4 A£#4-. 4#£444 #** #44 #44 444 4£7> ##4 

J:44 £444 4£7> #4# #714 £443. #444-. 2714 #444fe 

^5. 4##*4#4 4444# 4-444*4 ^44 ####(#,

tf^lt 4 44 #)#4 44 44# #43. 44 4 z. #44 £4447^ 

###*44-4 #44 4*# #4)4 4-h#, 4, 44, #4, € #4 ##* 

#43. M# #4 4444. 44# £44* #44* *4 4## 4#;)) 

4:4 #*423. #444 ###44 44* 4## #44 4)4 #4) ^ € 

# ##7> ##4 4 #4 42 44(Hellier et al., 1994; Dietz et al., 1994; 

Eger et al., 1994; Stark et al., 1994; Phillips et al., 1994; Fyson et al., 1994; 

Hedin et al, 1994; Wildeman et al, 1993).

® 4£44 4#
####4 4##4* 4All44 44 4£* 4#44 #44# M# 

44444 4#4 4. 4 4 #4 ##-* 4##4 4£441 #4# 4-4#-* 

## (Jones and Wong, 1994) 4 #44)#7} ###* #£4 4£* 4# £ 

5.4# #4, 4# #4 #4, *4 # 44## #444# #£ £2## 4

#7)ir(Bell et al., 1994; Tremblay, 1994; Pierce et al.,'1994) ns) 2 4#4 

^ #4Aj## #5. 4#a] 4 4£4 44# #£Al4* *#7l # (Fraser and 

Roberson, 1994; Lapakko, 1994; At-Amaud, 1994; Dave and Vivyurka, 1994)

4 $14.

® 44# #4 #4

444# 443)1#* ## 4y|# 4# ##424 44-4414 4 ##*
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9S4 999a 9994# 9 #9 gro] #4. 9994 #4= ##
#a# 499*# 9## Mil^t #444a #4# s<39** #4 x\
7l# 7l*9 4(Hedin and Watzlab, 1995).

9* 4-99#a#4:b 19809## 1990944 ?M99 #4= 44 4*4 

?m 9## 4=^94 7M994 #4=44 *# 9 *9#4= #4# #*9 
#94 $14. a#4 19904 4% 49999 5)23. *9# 4= *#7} ^ 

4=144 4444= 44 4*9 **4/*99 44=44 4*4 a#44
a 4&4 71*4 2# 4# 4-&4 444** *44^5. 49-# aa $14 
(4444, 1991; 4444 1993; Cheong and Thornton, 1994). 4#4 #4-9 
4=959 94##as# 2## 49499 a#4a 44449 9# 44-S. 

949 44994.

4-1-2 a#4# 4# 4444= 44 

# a#4 49
a#4#4 4-944=# 9# #99 9a# 9 #44# 449 1)4449, 

2)94 ^ 44, 3)4944 9944, 4)949-99 9444(Complexation), 
5)4=49 h999 9 6)4994= 9# 994(a^ 4-1; 5. 4-1).

9 4-1 9# #99 9a#9 9449

9* 9 # 4 9
As 9 ^ 99 4=94## #4, 94 9# #9
Cd 95.# #4, CdCOsAS 99
Cu 44#, 9 9 99 4=94## #4
Zn 95, 9 9 994=94#. 44## 9# 99

9944= 44# 49 9949 a#4# &44 a#44 944 a#4 
s. #944 9494. 9949 9944=4 49 #9# #44 a# 4# 9 
49 99as. 9#44 9 a9#9 49a **999as 9714 a#4 9 
#4 a#44s 94.
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1:Sedimentation

Plants

Soil 
(Substrate)

4-1. '5'Tn ^ 6

75



1) 3 4 4 ^444 111 471 34 

344 134 l^s]! :£4444 1431341 144 314 

131 114 ^lal Ill 4314. ^444 14131 ±$\ 7H1-1

(Substrate)S life felll(144 M14; CH20)S 4114. M ^1t 

7> nil! #44fe 343 111 1444 41 343 41444 1# 

3 #4 Til 14 411 11 44 44444 44 44414 111 

14 44 4414- 144 S7> 1314. 44(4 4-1).

2{CH20> + S042" -> H2S + 2H2C03” (4-1)

1, 44441 S+41 S"2S 44441 11 pH7> 4"! 1114 IS#

47144 44 S"24 111 h2S4 44s 44^S& 1114 44. si 

41 414= 11 11 111 Ills 1444 144 1141 1#
411 4444. 4, 414 11 444 1144 44 S4 1 1 $14.

M2+ + H2s + 2HCO3™ = MS + 2H20 + 2C02 (4-2)

444 m2+ 1 4114 11 411 4414.

41 4114 S4 11 411 7>1 4144 414 27>H 4# 1 

4 1444 414 1-1 Hill 14 4444.

Fe2+ + H2S + S° -» FeS2 + 2H+ (4-3)

441 11 114 4# (s- 41441 411 Ms 44141 114 

41)1 114 -S-dfc 11 pH, 11 1114 141S 4 (Solubility Product) ^ 

11114 is 14 1114. 144 4 s 11 1114 141 s(a 4-2)# 

4141 41141 #4* 71144 414 #4. 1413444 11

11 7l##41 4s47l 4411 &4 1114 141 s41 31184.
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5. 4-2 ** 44* 4 #*4*4 *3034 (Ksp, 25°C)
(Yong et al., 1992)

** 44* *303 4 *##*4* *3034

MnS 5.6 x 10~16 Mn(OH)2 2.0 X10'13

FeS 1.0 x 10~19 Fe(0H)2 1.8 xiO"15

NiS 3.0 x 10'21 Ni(0H)2 1.6 X10"16

CdS 1.4 X 10'23 Cd(OH)2 2.0 xiO"14

ZnS 4.5 x 10-24 Zn(0H)2 . 4.5XIO'17

PbS 1.0 x 10™29 Pb(0H)2 4.2 XIO'15

CuS 4.0 x 10"38 Cu(0H)2 1.6 xiO'19

44#3# #4444 4* ### 14* 4*4 *4 44 *1 44, 
** 4*4 A}7] e4^ 4 <14 44* 44*4 #*fl3 4 e44 444* 
447> 324 4 $14. 414 33 * 4* 1*4* *# 44*# CuS44 
4*33 PbS, ZnS, CdS, FeS42 4*3 MnS #44. #4, Mn# 44 4 
4*4 *303* 3.4 # &* £323(5l 4-2) MnS4 *# 44*4 11 
444 44 *371- if4 42.3. 141 ^44^14 4442.3. 142*4 
7>4 4* 433 #4 44.

**#)# * *1*33 #444 Al# #4444 444 4444 4, 
+3 7} 4* %*4. 44 ^ M44# ##4 A14 ^£1 4444 44* 
444 #2 44 44 ^ PH*33 44)42 $14. 4, 44# 44 #44 
4 A14 43# #3 A1(0H)34 14 4, 44* 41-4. pH7> 544 84 4 
* A1(0H)3 * 444 **4444 44 4 lmg/i 444 *3# 4414 
(21 4-2). 2El4 pH7> 4444 A1(0H)3* 444 *4*4 *44
2mg/1 444 *33 #4)4 # $14. 44= pH 7} 4444 #34, 444 
444 4444 44 44 441 43* 44#7> *44443 444 4* 
4 *3*4* 44 Al 4 *3 444* 44* 444 *44. 444 4* 
*1 4#*4 Al *3* 44* 344 44# *444 4*4 4*4 *
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n S4 #44# #44 #^j pH7> 44# 4^4 #4 A1(0H)33.4

####-.

m 4 #4 #444 ### #44 ## *H44 *msui3. 44 

44. ^H4#4 # 44 4444 ## 4#* 44444 #£## #44 4 

^ 4 ##M<*fl 4^ 4444. 44 44 44 #444 ## 44# Fe2+ 

^ Mn2+4 Fe(0H)2 ^ Mn(0H)2# 44£4 3.7) 444(4 4-2) ##44 

7} &4 Fe(OH)3, Mn(OH)4 #44 &#4 44 4^4 4# # S#4 
4 #4 X714 134471171- A4##.
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M 44 ^(species)# # HS™ 3 S2~# #4] "A#

HzS4 4444# 4444. 444 H2S4 4# 2.^5.^ A44 %1

44 ^-##4 4# 4441 4#4 44 A aL^5fle>> *t-ti)-.

4## 47l# A4444 443]# 44 ^ 4^Mfe 4*11 A^4 #tH 
#A 4#ti 44 4 4 ^#, 444 s 44# ^7114715. #4.

2) 444 44 W44

4714 4:44 4Ai 44"9 444 44=1 44 444 4(Sulfate Reducing 
Bacteria: SRB)4 7]#<>1 4t #A4 4AS. 444 44. SRB4 4444 
As 3.71] # 44AS- #444. a4(group 1) 4444 #A 44#s 44 
444 4rA 38 4444AS4 Lactate, Pyruvate, Ethanol ## 444## 
°1 -§-44 4^)14 4# (Non-acetate oxidizers)S Desulfovibrio, Desulfomonas, 
Desulfotomaculum, Desulfobulbus7\ <444 4"44. 4^(group 2) 4444 
44#S 44444 444 44 acetate^ 444 4^14 ^ 43]4 4 zi## 
# (acetate oxidizers) S Desulfobacter, Desulfococcus, Desulfosarcina, 
Desulfonemd^r <>] 4714 444. SRB# St 4714 44444 444 44
4 44 s4 4 #A44.

444444 SRB# 444 444 &44 4^44444 M4a &fe 
4 444 SRB# 45E4 #4 Desulfovibrio 38 Desulfotomaculum 44. °1 
SRBfe #44 #4 #4 4444 444 #44 # #4 4444 M 44 
44.

3) 444# 44# 44 444 A44 44 &4 
#7l#(CH20)# A44A safe 444 44# 44 4#7} #44 4 4

4 4#fe SRB4 444 444#4 4^H4 4# #44 44 4 # $14.
SRB# 444, #44 4 #4-4= 4A 44# #4, pH 4 44, 4A, 37> 4
^ 47} 44# 447)17> &# 4€ &4471 44A4AS 44 4 z. $14. 4

4 SRB4 44444 lactate ## acetate## 44# 4444 444fe 4

A444 4#44 4#4 4#4 4# 4 4## # Slfe ^^flt°l 444 A
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3. #4 4 #47} A#!4. s# pH3 #7|1# -6-711- ^44 31 1
444 113 1#3 #44 34 Ml M-34 344 ^ 34.

4) 3714 ^34 113 7l4#€(^>2l 44 7l^)

#1:4# 43" #3 lS44(#344)# 334 S4444 #7114^ 71 

lflft] #11 4## 111 4943# 4= 3^13- Ml 114 $14. 41# 
#44 431(144)3 #44#3 4# #1 1#4 #4.

CaC03 + H+ -* Ca2+ + HC03" (4-4)

444 ^43 7111:1 dll 434# #3 #144. 41 Buffering

capacity7} ## #7l#l, 4# #1 443til ## 3#4.

41, 444 4144 #4 #13 #414«CH20}+02=C021 +H20)1 

4E3 #11#(H++HC03~=C021 +H20,2H*+C032~=C02 T +H20) 4 #4

^4344 ## C02 #44 Ml4. 444 4#4 441 CO2# 434 

3 #4# #144 # $14.

4-1-3. 1# S434 31 #1^.3 4444

4-1-3-1 #44 414# #4

S4-1 #4p4!r ^ i^#3 H#4 14(5 3-4 Is) ^ A3#
14# 3#3#(5 3-6 is)# 4#44 #34 5.1 pH, Fe, Zn, Cu, Cd, 
Pb, Mn 1 As #3 #14#4 #7111 AS 143a 34. 444 ^434 

34 4# 4#4 Tin 7}#1 7># 14 43# #44 ##131.

4-1-3-2 1443

1) 1443 !#33
# 4344# #144 si2.1 14 #3 # 3# 31#1(434&)#
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#4 #4 ##44^4 #4 4# 7}#4# 5g7>-5Ml. 13# #

4## 1## #4.

• 7]^#^^ 4^421-21#

• ##(4^) ^ 444 ^7>7> 4^r4#4 44# 1#
• #-§-4#4 4# 44=##&# #

44444 4-W 44 Mr4^ 4:44-4 44^11.

2) 4441 4-1 

® 4444

?444 #4 ## 4" 1# 4444, #444, 4444# lll^S 

## #7> 44 ##l3 4-#£# #4-44(*S#m)44 fllll.
4444# 2=4-4 44#7H4 444444 444 444-7} 4# 

44 #4 Is 44-44 4444 44 4411. 44444 € #4# 44 
411.

#1-44# 4711 #44 #4 Is 4## 4444SM-. 4144# 4#& 
1#44 #S3. 4## 4#147} #135. 1444 41# 4444# 4
44-7} 114 4 #4 4 4 ## #414-. ##£# ##4-4 #4 #4 is

4s#£(50£) 4#411. 4^7} 3-14-151 #14414-. 444 s## 4 
4= lcm~5cm444 41441s 41# 444414-. ##(4=%)# 4##1 
4 143 7}## ###7H4 444134 441# ##414-.

® 7l###&4 ##

### SRB* ##1# ##5. 144 (Filipek: 7H1##) 344 7H1# 

4# #4144 1 #44 7l!#!&4 4-# ###l(Dvorak et al, 1992; 

Cevaal and Whiting, 1994). 4-44 #41 414 14 ### 4#, H# 4 

## #4 #14-. .

14## 4# l(XM ^ ###3& ## ##(14^4 7}#) 3.451 444

S4"#ir 250M #4 4444 T#14-. M 4 #7} ##4 44 ###47}
#7i4i 4### #$}#4 44 1 1135. #4435. 14-1 #-& 34
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'444 44 44 34# 44^3. 444 ^#44 #44

#4# ## 44:4^4(4^ 4-1, 4-2, 4-3).

7# 34# 3)1## 434^-3. ^444 44# 334^4. 444 ##4 

3443 S34 44# 4441 443# 444$4(44 4-2 4 4-3). 4#
4-4 4 4-5# SEM #44433. 44## 43##44^3 ^3 Fe, Pb, 

Mo, Cu #4 3433 4444(^4 4-3, 4-4). #### S 4 Ca #33 

#44 4#4 44 #4 4#44(n4 4-5). 444 44#4 4t4 ### 

## 4444 44# 3-444 4###4 «H424# 344S4. £t ^4 
44# 44) #4444 4#4 4#3 4^14 4# 344^4.
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4-1 4-1 f#, 444 1 #44^r7> 3=41 14 44# 44M

\\

41 4-2 7# 14^ 444

4-1 4-3 1114 4 =r 1 444 &14 44 7! 141f 144-SL3. 
€41. 44# 44^-5. 441 444 ^€4 1444 #4 
4444 444# 114 €<r!4#4 441
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VFS=2048 10.2400.00
30 EXEC(7-D)DATA LABEL

=L% 4-3

VFS=2048 10.2400.00
30 EXEC(7-D)DATA LABEL

3.^ 4-4 4-4#4] ^ xr
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Aj-^1 4-5

0.00
30 EXEC(7-D)DATA LABEL

zzg 4-5 43 4-54 331

VFS=2048 10240
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© ##2 ## ^ ### ##4

### ##2# 20X45cm ##^§ 2#2422 ##4 4 20£ if 

2$4. ##2 ###4 44=# tila7> -#44^4. 44# #44 ##27} 

12711 #44%2, 4 -§-7144 4##(44, 444, ##(4=#)) 444# #4 

4S&4(a 4-3, 3.^ 4-6, 4# 4-6)

4##### 44=#4 4##i ##44 -M#4^4. 414=4- #####

#4 #4a](vol.)# (44= 7 : 44#### 5)$24 2.# ?!)& #4=7} #

44 # #4-2# ##4^4(44 4-7 4 4-8). #4=##4 4=2## ##2 
& #4 ##44#4# 414#^ 4. ^

© 4=444 ^ ####

4 84 #44 44 4=44# #4# 44444. 44=4 #4 444 #4 
2 pH, Eh, TDS, Alkalinity, Sulfide ## #4444. Sulfide(##4 H2S)# 

CHEMetrics# VACUETTES® Kit(K-9510D)4 44 #4444. #44(25 

M)4 4#4 ##&# 4## 4#4 #4# 47}# # #&# NN-dimethyl- 

p-phenylenediamine #4-§-44 #4 4 #### I£# 444 42#4 ## 

# ##*##2# ###$4.

###4# #5.# 4 200m&4 44=44 Filter paper 5A 4 5C(Toyo 

Poshi4)5. 44# # ICP4 44 ###44#4.

#71 #4 44# Chromatography(GC-14A)# 4 ##$14. ###

Carbopack B-DA/4% Carbowax 20M22 #44 2m #44# 4##^4. # 

4 #2# 175°C42 n2 gas# Camera. 4##^4. 4&4 4##

FID detector# 4###4. ##44 4444 ##27} 4##44 #4=#4 
8# 44=4 # # ##2 3# ##4 #7l#4 ####4 4=#4$&4.

44x1 ##4 ### #24 ##-4 # 244 4=#2x} ^

# ###44 ### ##22 4=^4$14.
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3. 4-3 ^ Substrate 44 ^

342h
«is

7|4M 
(-%-?]# €) 'T"cr mq 34 gqw

(3-3)
44

(713)

1

43
44

100%

(D43#4 ^
83 #3 44

©3-§-2 344 7^
4 #4 44

©s.e 3-5-24 
344

1. pH

2. Eh

3. TDS

4. Sulfide

5. Alkalinity

6. #c"4 t?s.

7. 47)4 45E

43431
4'5
24-443
711447}
(33)

2 90% 10%

3 70% 10% 20%

4
#3
44

100%

■51 "44 
AM4e5 90% 10%

6 70% 10% 20%

7
33
51U]

100%

3 44
8 90% 10%

9 70% 10% 20%

10

44£
(4^)

100% 43
4433
4a>4
3343

11 90% 10%

12 70% 10% 20%

■ 4#(4#): 913 47M3

■ 3344:
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Compost Compost 
+ Manure

Reactor 1 
Reactor 4 
Reactor 7 
Reactor 10

Reactor 2 
Reactor 5 
Reactor 8 
Reactor 11

Reactor 3 
Reactor 6 
Reactor 9 
Reactor 12

Compost(4 tpyes), Cow Manure, Limestone,

*

=L% 4-6. 1, 4, 7 s 10^T ^ sV-g-

2 2, 5, 8 g ll'gr 3, 6, 9 S 12fe s)

ti], f-e rielJL tir-S-sy.



44 4-6 444 444 12711 44s

44 4-8 7] 41-4 ^ 41 44 f- 444 444 44S
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3) 44

® 44#44 sf]**4 14(44) 4#

7)4#44 pH 44 447> 5. 4-44 *l5)o) #4.

a]44 4# 4*2 4 s)*# pHl ^^e)til* if-* 34s] #*2 ^r

4^ 4 2444 44 4- 44(pH 3)44 1422 *45) #4. z%44 714- 4

4-2 *)e)*5) 44 pH44 6##22 71444 445)4# 2#

4 4-0-24 »i4 45444. # 844 4144 4444* 44 sfl*# ph 

1 4# 7.2124 1-451 til(3^5 5.99), 4451 til(3gg 5.81) 4 442 412 

(4* 5.83)4 til4 7>4 14144 **##4. 444 445|tii7> 24# 4 

121 444 (2444) 44 4441# 14 4^14 414(84)22 *4# 

#441 422 44-44.

44 145)4 ^ ^45)a!4 441 pH! 84 44 4- 44 45 5.38 4 

4.7425. 44-4 ti)45) «1 *414 (pH 6.89)4 «)?)) 424#4. ^-44 14 

4 4451 til4 ** 5* 43)4 *#4(4*5 5, 6, ne)jL 8, 9) 4##^ 

pH4°l 64422 4*5)4 #1 4 45144 44 444*4 #44 44# 

44! 422 4444.

* 44424 1*2 ph 44=4 #* 44(# 4-5)7} 4444. 1, 44 

5)til* 214 4* 14 441 445)21 lOOrag/£ as CaCOs 2 *4 5) #4. 

84 44 1 14 1*2 2 4 3414 444 *#45)21 500mg/£ as CaCOs

0)422 445)0) 7)4 7)41:4* 21# 4*2# #44 4*14# 24 

444.

—92—
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5. 4-4 4^44 4# til] ^4

Hi-fi 5I ^ 4N4 nr 2«U 3*y —w S°4 N
Hi-fi 1 4 4 4 4 3 7.23 6.66 6.84 6.81 6.84 6.97 6.89
Hi-fi 2 44+44 3 7.54 7.41 7.44 7.36 7.39 7.42 7.43
Hi-fi 3 44+44+44 4 3 7.30 7.41 7.33 7.31 7.29 7.30 7.32

7.36 7.16 7.20 7.16 7.17 7.23 7.21
Hi-fi 4 3 4.86 4.94 5.39 5.47 5.75 5.87 5.38

Mo[o

p

5 £4+44 3 5.95 6.17 6.14 7.15 6.25 6.38 6.34
Hi-fi 6 £4+44+43)4 3 5.56 6.38 6.39 6.36 6.38 6.43 6.25

44 5.46 5.83 5.97 6.33 6.13 6.23 5.99
Hi-fi 7 °j 44 u] 3 4.31 3.91 4.40 4.77 5.42 5.65 4.74
Hi-fi 8 D4+44 3 5.01 6.38 6.37 6.33 6.34 6.37 6.13
Hi-fi 9 °4 4+44+4 si 4 3 6.47 6.56 6.58 6.73 6.46 6.52 6.55

44 5.26 5.62 5.78 5.94 6.07 6.18 5.81
Hi-fi 10 44 £ 3 5.26 5.15 5.22 5.40 5.46 5.53 5.34
Hi-fi 11 44£+44 3 5.17 5.52 5.67 5.87 5.75 5.86 5.64
Hi-fi 12 44£+44+444 3 6.61 6.47 6.58 6.63 6.39 6.44 6.52

44 5.68 5.71 5.82 5.97 5.87 5.94 5.83

5. 4-5. 4^4-4 4# llr-g-S ti]]^4 Total Alkalinity €4 
(44= mg/ £ as CaC03)

HFFi ^414 py 2%3i 4H3 6i 8W
Hi-fi 1 44 0 >100 >100 175 >100 >100 300

CMMo|o

p

4 4+4* 0 >100 >100 >100 >100 >100 >500
Hi-fi 3 44+44+44 4 0 >100 >100 >100 >100 >100 >500
Hi-fi 4 £4 0 0 <10 <10 <10 20 55
Hi-fi 5 -£11+44 0 70 100 >100 >100 >100 200
Hi-fi 6 -£11+44+4314 0 >100 100 >100 >100 >100 350
Hi-fi 7 °j 4 sj 4 0 0 0 <10 <10 <10 35
Hi-fi 8 4 4+44 0 >100 70 >100 >100 >100 240
Hi-fi 9 4 4+44+43)4 0 >100 >100 >100 >100 >100 500
Hi-fi 10 44 £ 0 15 11 11 12 <10 19
Hi-fi 11 44 £.+44 0 14 40 50 >100 >100 300
Hi-fi 12 44 £+44+4 3) 4 0 >100 >100 >100 >100 >100 350
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#€, 7l€5€44 5545 #€55 TDS2 il#(5. 4-6) 14 44 f- 

431447} 2#-# #52 1, 2 i3 3 4454 TDS&4 « 2.27g/£2 #€ 

444. J(.*l ^4-^ol &#€ #52 2 93 #52 34 €5 84 €4 4 W 

TDS €:4 2A3g/l5- #4# €454 TDS$ 1.74g/£4 42## 4 0.6g/! 

7> 544 4554 55# #€5 #554 44 444# #A3. 44s]4

4. 444 4 55 714 # -7-44 £W #52 445(#52 5, 6, 8, 9, 11 

93 12)442 #444.

444 ###2# ##-#JL3. 4444(4 4-14 H2S €#) 44 55# 

###(H2S)4 #€ 44(5 4-7) 44444 €5 4 444 €44#7] 10mg/ 

i 44-s. 441-4 4444 444 #€4 ### #23. ##442 714 5 

#44+55+4444 #52 6, ^ €##4+5#+# 44 4 #52 944£ 6 

4 4# 5 ##€ #€#54 #44: #22 #44#4.

#454 4# Eh #4 44-(5 4-8) -7-4- 9) 4444 5#4 244 44 
4 #52 2 93 3 44544 Eh44 -41mV # -86mV 5. 444-71 44 # 

€44)7]- 2442 &55 # 5 S1&4-. 44- #52 8 # 944 3# €4- 5 
242 #52 644 44 44 5 54 Eh€:5 54 #44. 444 5# 4 

4445 5## 4444 #527} 7}# #44 #45 24454 7}# 2# 

4# #42 #5 4 $14-.
57]#4 54#4(5 4-9) 44 44 #52 3# 44 8# #4# 454 

4 Acetic acid(1.72rnM), Propionic acid(0.62mM), n-butyric acid(0.09mM) 9) 

Iso-valeric acid(0.16mM) 54 444$14 5, 4444 #52 344 #44 

455 42#5 #44##4 44444 #445 44 #444 44447} 

##4 #€54 #5 545€A2 7]5# 5 454 #444.
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3L 4-6. 4# ^44 4# #-§-3= TDS(g/l) €#

>TFF1 "PI“FT”~~w s«y 4<y 6°J -g?
xi?a 1 ttj-jJSjtll 1.74 2.24 1.85 1.83 1.84 1.76 1.84 1.89

2 'H *+-t* 1.74 2.32 2.41 2.40 2.42 2.44 2.56 2.43
'd-g-a 3 44+4-&+-93H 1.74 2.26 2.29 2.37 2.36 2.44 2.50 2.37

2.27 2.18 2.20 2.21 2.21 2.30 2.23
^45 4 £**«] 1.74 1.57 1.52 1.49 1.52 1.52 1.52 1.52
tiJ-fa 5 £*+44 1.74 1.59 1.69 1.70 1.72 1.72 1.82 1.71
«4a 6 £*+44+434 1.74 1.85 1.88 1.84 1.92 1.97 2.05 1.92

^•5 1.67 1.70 1.68 1.72 1.74 1.80 1.72
tiJ-£a 7 °j *3 u] 1.74 1.62 1.62 1.56 1.58 1.49 1.54 1.57
#-#a 8 °j *+44 1.74 1.77 1.71 1.80 1.82 1.91 1.92 1.82
^4 a 9 °j *+44+4 4 4 1.74 2.04 2.01 1.94 2.00 2.06 2.14 2.03

3 4 1.81 1.78 1.77 1.80 1.82 1.87 1.81
44 a 10 44 £ 1.74 1.49 1.55 1.58 1.58 1.64 1.67 1.59
44 a 11 44 .£+44 1.74 1.69 1.74 1.80 1.79 1.84 1.92 1.80
44a 12 44 £+44+4 3 4 1.74 1.62 1.76 1.87 1.89 2.02 2.08 1.87

44 1.60 1.68 1.75 1.75 1.83 1.89 1.75

5. 4-7 . *]& 4# HzSOng/l) 4#

44 a ^1^4^ 1T3TT l°4 Z°4 4*y 6«y ft*y
44a 1 44 0 0 0 <10 <10 <10 <10
44a 2 44+44 0 0 0 <10 <10 <10 <10
44a 3 ,44+44+444 0 0 0 0 <10 <10 <10
44 a 4 £* 0 0 0 0 0 0 0
44a 5 £*+44 0 0 0 0 0 0 0
44a 6 £.*+44+44 4 0 0 0 0 <10 <10 <10

*io|oT
-> 7 °j *4 4 0 0 0 0 0 0 0

44 a 8 °j *+44 0 0 0 0 0 0 0
44a 9 °j *+44+4 4 4 0 0 0 0 0 <10 <10
44a 10 44 £ 0 0 0 0 0 0 0
44a 11 44 £+44 0 0 0 0 0 0 0
44a 12 44 £+44+4 4 4 0 0 0 0 0 0 0
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S. 4-8 44^44 4# 4-3-S Eh(mV) ##

^3. ”¥WT" 1°4 2i 4*y 6*y 8^
U-ll 1 416 26 28 116 - 104 142 171

2 416 17 ~41 -207 -36 -69 -150
It-i-S. 3 416 118 -86 -75 -111 -90 -177
4?^ 4 416 157 189 53 106 81 .81
'9-§*-3L 5 416 97 79 20 17 23 -11
tix>-i5. 6 416 66 55 22 -16 -7 -78

7 416 45 167 10 141 59 -5jC
O

ojo

2

416 11 8 -4 -22 -51 -93
9 416 34 -7 -17 -12 -43 -156

1H5. 10 416 124 127 -2 114 89 83
tix}-§-JL 11 416 128 115 137 129 62 7
4-5-i£ 12 416 57 89 90 76 ' -50 -88

& 4-9 W# #4 #4

-8-71#

Unknown(formateS. 13.4*

acetic acid 1.72

propionic acid 0.62

n-butyric acid 0.09

iso-valeric acid 0.16

* : Unknown compound^- Formic acids.



11 144 4# ### 41 14# 1-6-513. 5. 4-104 34=4#4. 

711 144 4# ### 14 14# zil 4-6~^l 4-1433 3.44 4# 

JL 41311 =^141311 1*1 #4 403 is 114 1#^ 4^1 7ie

4 151414.

Zn TUI

€4^r4 Zn #5# 4 16mg/i #3 4 ^3# #lie(Zn: 5mg/

!)# 344# 4. 44514 4-6-3 7 ^ #14 4 1#3 4# 7)1443# 4 

41 !#2 11^# 11 14 4 W #4 4 el 445. 14-71- 41 

4.(5l1 4-7)

Pb 7)171

11 #4 Pb #3# 0.031 mg/£ 13 4 #5# HHK* =rll^(Pb: lmg/ 

-e) 4414. 1444 4#3 74 1# 14 #4 Pb #3&4 ##441 

!#43 14. 444 1## 7111-14 1#, 4# 15.114 41 2243 

4 4 #41 343 #4 #11 1133 e#!4. 441 14^4 Pb #3 

# €^|t #31: e#H 11 #4(22# 4-8).

Cd 7)11

€4=r4 Cd #3# 0.237mg/.2 #3 4 #5# ### ^rl7le(Cd: O.lmg/ 

£)# 544# 4. #444 i-g-3 7# 7)144 3# 4#341 1# 14 # 

Cd 1## ### #1 4 el 443 14 4#4(214 4-9)

Cu 7)17l

14#4 Cu #3# 3.516rag/i #3 4 #5# ##=r 4"14e(Cu: 3mg/ 

!)# 544#4. 1# 14 # 14t#4 Cu#3# lmg/£ 443 144# 

4.(31 4-10)
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5E 4-10. a]#34*0 4# ^r-e-S ^5-

°y*h Sh-SS
Zn Pb Cd Cu A1 Mh Fe Mg. Ca

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419

<5
-Ml-Stl 4 «OS UU'

<1 <0.1 <3 <10 <10

95-11-15 0.752 0.02 0.013 0.136 0.048 20 0.642 207 357

95-11-16 0.501 <0.005 0.006 0.112 <0.001 18 0.028 215 367

95-11-17 1 4=14 0.32 0.007 0.001 0.107 <0.001 16 0.026 206 352

95-11-18 0.368 0.005 0.001 0.091 <0.001 15 0.186 218 365

95-11-20 0.212 0.005 0.002 0.107 0.014 14 0.144 232 385
95-11-22 0.326 0.009 0.001 0.086 <0.001 14 0.281 217 358

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419

95-11-15 0.461 0.07 0.012 0.124 0.011 15 0.563 199 262
95-11-16 0.523 0.025 0.01 0.108 0.028 16 1.093 197 258
95-11-17 2 4=14 0.771 0.026 0.009 0.175 0.099 19 0.888 205 269
95-11-18 0.725 0.024 0.007 0.170 0.187 20 2.662 224 289
95-11-20 0.626 0.018 0.014 0.119 0.081 24 2.513 249 310
95-11-22 0.620 0.012 0.004 0.137 0.092 27 2.132 228 283

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419

95-11-15 0.423 0.013 0.017 0.091 0.026 11 2.134 189 251
95-11-16 0.663 0.021 0.008 0.194 0.061 13 1.087 198 267
95-11-17 3 4=14 0.751 0.027 0.013 0.203 0.106 16 1.202 205 275
95-11-18 0.844 0.011 0.018 0.229 0.035 18 2.158 216 290
95-11-20 0.557 0.014 0.013 0.140 0.073 22 2.363 248 317
95-11-22 0.635 0.021 0.003 0.136 0.050 27 1.816 233 301

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419

95-11-15 6.946 0.076 0.075 0.21 1.367 50 3.08 147 546
95-11-16 5.621 0.062 0.054 0.116 0.604 42 1.586 145 561
95-11-17 4 4=14 4.538 0.022 0.042 0.051 0.156 44 0.934 139 551
95-11-18 4.349 0.072 0.037 0.065 0.169 45 1.28 146 577
95-11-20 3.582 0.046 0.026 0.028 0.050 46 0.806 153 606
95-11-22 2.574 0.024 0.010 0.007 <0.001 41 0.843 142 573

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419

95-11-15 2.819 0.02 0.039 0.151 0.072 35 0.762 165 457
95-11-16 0.411 <0.005 <0.001 0.043 <0.001 25 0.492 166 455
95-11-17 5 4=14 0.658 <0.005 0.01 0.220 0.001 22 1.512 166 457
95-11-18 0.67 0.042 0.023 0.238 0.042 23 1.972 172 475
95-11-20 1.133 0.017 0.045 0.290 0.043 26 4.127 187 520
95-11-22 1.466 0.031 0.025 0.325 0.015 25 4.472 177 511

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419
95-11-15 1.224 0.071 0.019 0.34 0.036 26 0.925 178 444
95-11-16 0.472 0.005 0.017 0.291 0.021 22 1.121 188 451
95-11-17 6 4=14 0.511 0.014 0.032 0.329 0.081 20 0.597 198 473
95-11-18 0.682 0.036 0.042 0.353 0.061 21 0.603 199 476
95-11-20 1.020 0.027 0.032 0.233 0.023 14 0.913 208 468
95-11-22 2.280 0.059 0.051 0.384 0.082 24 1.691 210 505
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3. 4-10. 7\)

94
4S Zn Pb Cd Cu A1 Mil Fe Ca

15.915 0.031 0.237 3.516 4.675 7 90.41 153 419

<5 <1 <0.1 <3
14*4 4 402

<10
11 n

<10

95-11-15 12.082 0.255 0.156 0.75 3.334 6 34.42 162 499
95-11-16 10.627 0.031 0.142 0.423 2.85 6 28.37 152 486
95-11-17 7 9.669 0.079 0.102 0.244 1.929 6 26.714 161 514
95-11-18 9.156 0.027 0.102 0.188 1.419 6 19.1 167 531
95-11-20 5.489 0.013 0.055 0.154 0.214 7 10.763 163 517
95-11-22 2.703 0.007 0.011 0.156 0.072 46 15.564 152 488

€4* 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419
95-11-15 1.171 0.042 0.025 0.363 0.031 31 1.643 174 439
95-11-16 0.67 0.007 0.021 0.273 0.03 27 1.266 167 417
95-11-17 8 0.617 0.012 0.014 0.249 0.030 26 3.961 180 438
95-11-18 0.687 0.028 0.017 0.321 0.095 25 3.693 172 418
95-11-20 1.166 0.034 0.056 0.500 0.108 31 9.277 199 484
95-11-22 1.332 0.036 0.046 0.444 0.042 29 9.725 183 453

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419

95-11-15 1.746 0.095 0.054 0.636 0.199 28 4.174 202 429
95-11-16 0.737 0.016 0.039 0.354 0.101 24 2.226 198 408
95-11-17 9 0.758 <0.005 0.047 0.373 0.131 22 3.783 205 419
95-11-18 1.068 0.038 0.065 0.507 0.159 24 3.808 210 436
95-11-20 0.437 0.022 0.013 0.103 0.020 11 2.481 219 418
95-11-22 2.013 0.040 0.045 0.406 0.119 23 5.666 211 456

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419
95-11-15 1.431, 0.032 0.019 0.042 0.902 12 1.872 53 93
95-11-16 2.846 0.067 0.038 0.076 0.916 28 2.587 141 229
95-11-17 10 4=)4 2.395 0.037 0.023 0.050 0.322 25 2.260 145 225
95-11-18 2.589 0.06 0.026 0.043 0.239 30 1.717 159 252
95-11-20 2.469 0.051 0.027 0.028 0.202 29 1.853 151 241
95-11-22 2.078 0.008 0.015 0.019 0.148 31 0.000 158 249

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419
95-11-15 3.727 0.08 0.053 0.152 0.325 39 Z0I1 178 313
95-11-16 2.871 0.021 0.04 0.171 0.087 30 0.949 170 283
95-11-17 11 444 1.166 0.011 0.010 0.127 0.019 27 0.638 184 293
95-11-18 2.964 0.063 0.031 0.301 0.353 28 2.304 197 311
95-11-20 0.605 0.006 0.002 0.148 <0.001 17 2.551 181 273
95-11-22 1.041 0.021 0.009 0.218 0.034 28 8.171 201 319

€44 15.915 0.031 0.237 3.516 4.675 7 90.41 153 419
95-11-15 0.179 0.005 0.001 0.016 <0.001 11 0.161 169 269
95-11-16 0.263 0.005 0.004 0.035 <0.001 14 0.328 176 289
95-11-17 12 444 . 0.232 0.016 0.002 0.067 <0.001 18 0.232 193 317
95-11-18 0.364 0.018 0.001 0.065 0.035 22 0.283 213 350
95-11-20 0.229 0.023 0.006 0.013 <0.001 21 1.019 207 33
95-11-22 0.394 0.024 0.001 0.044 <0.001 38 4.555 223 385
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^ 4-7 4# 4^2 Zn Ms]

£3lte %&&* Oli-g: e#D).

ZLt 4-8 4^441 4# 4 ^r-S-S Pb^E
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4-9. 44^44 4# 44-6-2 Cd ^2

n.^ 4-10. 44444 4# 4 4-6-2 42i4^#4 Cu^2
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A1 43

ai #2# 5mgn Ai# ### ##7i# 4#4 &4. 534 

344 #3 #3 #55 44.45.5. 44 44* 7] #44. 3434 4#2 7, 

#444 4#2 4, #4£ 4#2 10(44# pH #4-7} 32S3 4#2 <9) 

# 4]44-2# 444 44#44 A14 34# ##4 5$ 4. (53 4-ll)

Mn 7114

€4#4 Mn #5# 4 7mg/1 $5 4 #5# 4## #33#(Mn: 10mg/ 
£) 444 #3 444. 3134 4444 4#2 74- 4144 4##3 4# 
244 Mn4 #57} 34# Mn#5 4455 #7}44 41 44# 454^ 
4. 444 44# 3M4 43 ## 3##35 44 ##4^47} ## 7] 
7l #455 #4 #44 455 3-5.34. 44 544 444#(4 44 42) 
44 Mn 4## 133 4343 34 5#4 7}# 424 4#55 444 
4 &4.C2.! 4-12)

Fe 7114

44#4 Fe #5# # 90mg/i ^5 4 #5# 4## #43#(Fe: 10mg/ 

£)# 4 9tiE 244^4.

4444 4#2 7# 444 5# 4#244 Fe# lOmg/l 445 34 4 

$4.(5! 4-13)

Mg 4 Ca 414

44#4 Mg ^ Ca #5# 153 g 419mg/i 45 4# 3### W# # 
471# 4#4 $4. 534 443 #4 #3#55 4444 44!#(4= 3 
3L#)55 444343 33343 37144. 3 3 #3 Mg ^ Ca #5# (n 
3 4-14 ^ 4-15)4## 37133 &5 ntfl5 ##35 $}$4.
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4-11 44^441 4# 44-g-^ 43^4 Al

95/11/15 95/11/16 95/11/17 95/11/18 95/11/20 95/11/22

4-12 4 441 4# 4 43^4 Mn^S.

-103-



Fe

95/11/2295/11/2095/11/17 95/11/1895/11/15 95/11/16

4-13 4 #34-41 4# 44-0-2: *134^ Fe

—X—4

95/11/15 95/11/16 95/11/17 95/11/18 95/11/20 95/11/22

4-14 44^44 4# 4 4-0-2: Mg^E

—104—

SMS: 77?



4-15 44^441 4# 44-5-2 Ca
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4) i%n4# e#
£11 144-# #445# #44-1 15^4441 4# 44- 

7^4# 111 52-4 4114 44447> l-^-slti], !#44 ^ 515. 
#41 441 Xj-A^^ ^ #5# TIM 4 7>4" SLirO] ## 7l###3 #4

14. rz.44 44444 45 4514=4 #54# 445 TDS #

444fe 44 #4] 4 £5 y-^4.

4-1-4 554 44 tM
£44 #4# 4% 44=4 #4451, 4=4 4 44= ##4£4 5444 

4 444 51 #4 44-4 4-444 4-4=# #4 W#4 4#44 $4. 

s# £44 #4 44-3.4 4### 444£ 4###4 54, #£, 4=44 
#5 #4 45 #£#4. £# 4#444 415 45 4-4=#z 5# 44 
4 ## 4 7>4 544 #4#4 444 £44 41 147> 4-547}] 44-. 
4-4-4 £44 51444 4-4-4 4=;H4 44445 W444 #5 4=44 
ee& 4-44-44, 4=i.4 4 #4- 4444 414 44 #45 5£ 45 4 
£444 4 45##4 Mt 544- 44£# £444 #4. 4-15 ^
zz-1 4-164 £444 4# ##45 44 4£l 7il!£7} £444 14.
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MINE PORTAL
U35^LaCID MINE DRAINAGE

FLOW EQUALIZATION POND
OVERFLOW WEIR METERS FLOW

LIMESTONE

CASCADE FOR AERATION 
LIMESTONE

CASCADE OR WATERFALL 
CHANNEL WITH ORGANIC BED 

PEAT a OTHER ORGANICS

PEAT WITH CATTAILS 6 OTHER ORGANICS

/-CATTAILS, PEAT 8, OTHER ORGANICS

CASCADE—'

WETLANDS^—d_y 

SHALLOW EFFLUENT PONDS 
STREAM DISCHARGE

4-17 M

(Sengupta, 1993).
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4-2. 4447|#(#o|4) 3 £!# SSSg gM cH«M

44 4 4 #4 ##4# #4 ^ 444 #34# 44(44) 3 34, 4 
% #4#1 44, 344 444 ^ 44 ZLB]jL ^7g£6ilA-l #f-s]# 4#, 
44-#33 ## # # 14. s# 4444#4 1##4 44#, #44 4 
#, 4, ###, 44, 44 5 4#44 44 ^ 1-44 41 # 1# 14:4# 
°1 5.4-14. (Hutchison and Ellison, 1992)

44:4711-4 #44 #4334 4# #4# #4#4# 35## #s $1

2. 3}#433 #4# 1-11 # 3 14. 14433 444 #4#4# 44 

4443 35444 s(41: 43, 45.4#) 444 444 44 ^ >1144-444 

^14# 4433 #4 #4# #3 14. 7>4 4&41 #14 4144. 4 

4^71 ##41 #4#14 ## 7>#4 4#41 441 44 5.4 ^ 44# 43 

Til 444 4^47} #-2-4- #»17> 44.

#44 #4# 444 4 #1 4&4 #4# 1334 44(%S)33 #4 
43# # 41=# 13435-g- 5.44 4 4-444 4-34. 4#4 44 4-4
3 444 4# 44144 444 #34, #1^3 #4 4# 4#e#4 
4144 #4 4 £-5. tfl#3 4444# £.444 444 4 71-7} #3#4

4 444# 4444#5. ##4# 44# ## 3 #4#4 44# 4#
4 4#4-37 4444 344 44 #3 4#445. #4-. 44471# 34 4
## 43414(Sanitary Landfill) 444 ##4# Liner System 4 4^4 
4 #44 ##43. 1# 4444# 34# 4# Cover System# dz4#4& 
#4.

4-2-1 444 7l# #4 
4-2-1-1 444 7) # #■#
4444#4 4# 3 3 #44 44-4 34444 #4-4 33 44471 

#4 ## 3 #4# 44443 #4.
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1) 441
454=4 4= $1* 4114 4111# 4444 411 45# 1

s, 4m #4 ** 4#4. #144414 4414 ##* l) #1 4 4# € 
#, 2) #444, 3) 7M ^ &* #44 4444 MM#4. 4414
4=14 44* 4#* 4-8-4 4H #41 * $14.

• Total Suspended Solids(mgZ i)
• Total Settleable Solids(mg/ i)
• 4m( *4 Nephelometric Turbidity Units(NTUs)5 #4)

2) #414 #1

#3fl4 #14* Borate, Chloride, SulphateCCuSCk - SHzO), Hydrous
Carbonate, Nitrate Mineral#4 $14. #44 4#4 44 t14 44# 44
* TDS#455 1 * $15 s# 4# #114 4## 4# 4#4 44=4 
3.7} 41-4 #4# #* 4=4#4 #3=7} f7R>4. 11*4* 5* #* 

TDS%# 44444 #44 #14 4# TDS 4"#4 #444 #4=&44 
7>47> 1444.

3) l#*(Acid Rock Drainage* ARD)
#441-4 441*4 #4# #7#}# 4# 4415*4 4#4* 4# 

4*7> 1444 *1 #* £#* ml 44 4= $14. 44 1#** ##4 
###14 14 #7l|4^ #444 444*## 444 44441 €4. ### 
15. #14, 114, Pyirhotite(Fei-xS), Arsenopyrite(FeAsS)#* # * $14. 

1#*# pH7> ##*, 114=, 45.4= #55 4444. 14 !#4=
* 44 414, ml 4#4, 44# 44 ** #144#155 4#
1 4= $154 54 Yellowboyl* 4#4 4414 #114. 441 114=4 
4=14 41 11# pH* #*4, TDS, #4*(*5 #14*) 4 1*4 * 
5* #7>44* 444. # M&44 #44 5##55 *4 #44* 1 
#*# 4 1*4 *14. -no-



4) 44

446 44464 444 4444 4444 44446 4444 €## 
44464 4646 4664 6 6*44 4646 4##45#4 66 6 
444 44 4444.

6644 44

66444 66444 446 444 5.6 #4 444 466 4444 
#4 #4 4444#4JL& 5.444 64.

Cyanide
4(Gold) 464 65- 4644 444 46 4 Thiourea5 46445 4 

4. Cyanide6 44 ^ 4#4|4| 46 #4# 44 44#45 444 $14(& 
3-3). 4444# 6444 Cyanide6 46 Cyanide5 (Free Cyanide: CN’)5 
644 6 $164 444 ^44 7>4 44455. 444 Toxic Form44, 7] 
4 #4-44 4#, Cyanate (CNO"), Thiocyanate (SCN~)*4 444 33)5 
44. #4-44 4#4 #46 44454 44444. # 7>4 444 444 
444#4 44) #44 444°) 7>4 h.4.

#*-44 4#6 Fe 4 Co-44 4#44 44 44455 64 444
444 444#(Zn 4 Cd-444#)*4 444 6 44. 44 44# 4 4 
44#6 444 444 M# 644 6 444 44 44 44 4#6 44 
4 4 (jSS,Dissociation)4 4 4# 4464 44447)- 66 4-6 Cyanide# 
4444.

Thiocyanate(SCN~)6 #4 44 4 4 #4)4 4446 631 66 46 4 
#54 44 4 44#4 431 #4°) 7>4 46 455 5jls)5 44.

ZM
# 464444 664 #4 444# 3446 63# 44 664 46

445 *4. 666 5444 4^4 4*44 454 664 444## * 
3)4 *4 €6 $16 €55 *44 $14. #(##) 4 #4444(43*)4
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4#11 44 #1 pH 5115 4#44. AdWf It^r 4111 # 

7]-§-^11 (Organic Solvent)^. 4# 4 7] 5. 44.

5) 111

14141# ^ 1411 54 si4til 6ltf fl(3K^)14 45#
554# 5#4 444 #441 f 14. 4€7lt 4444 1114 4# 

4 #4 ## 44444 144 4444 If7} 7>4 45.41 45. Ill 
14.

44 44# 4 Jill# #4 44444 4#4 414 1444 444 
4# ## 1 #44 444 14f ## l5f, ^Ijl #14 # #441 
4 44 51 14= 4 157> 444114. 44471# 44444 #5(11 
1 -B-lKr 44 #5 1 2ll#4 4441 4#5l If 5 ## 14.

4-2-1-2 44 4114 44171#

44171 #4 4<4(Harzardous) l7># 411# 4414 #111# 4 
#7)# 5E# California Department of Health Service(DHS)! #14 #4 
(Toxicity), 44414 ^ 4444 (&###,Bioaccumulative) #4 #4, 144, 
#44 ^ 4#4 #55 444 f 14.

44411## 444)4 ^ 4444 #4#4# 4#4! 4fl 1
1] 5#4 45# Sb(Antimony), As, Ba, Be, Cd, Cr, Co, Cu, F, Pb, Hg, Mo, 

Ni, Se, Ag, TKThallium), V ^ Zn#14.

444 ##44 444145 #1 ## 7>#4 #4 #^H 41# As, 
Cu, Cd, Pb, CN#55 1# 441 #441551 44# 414 f 1# 4 

411# 54 1#1 5#44(5 4-11).
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X 4-11 444 ## 44 #4 4 4 #4 #4 #4 4#4e# &44 
44 44#

444

44# 44^ #4#4 4#4#
(4 W4 423 S&3)

As Cu Cd Pb CN 4e&#
4##1.5mg/l 3.0mg/i 0,3mg/i 3mg/l lmg/l

43 # 1

#4 # 1

#4 # 1

4¥# e e 2

44 e 1

44 e 1

#4(44) # 1

#4 # e 2

jz.4 e 1

\

4-2-1-3 444 4 #(44 4) 5.44#

4444#4 4444 7>#4 4#4 44 44 444 47>4 444 4 
4# 447> 4 #4 4 4 4 444 4444#4 44# #3. 4## 44 4 
4, #4-4(45. • 44#) 5.5: ^ 44# #45.5. *3444C24
4-18). 4 444# 444 4#4 544 4444# 4## 44 44 ^ ¥ 

# 44# 44 4444# 444## 4#43 44.
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Precipitation

Cover

Infiltration

Rocks

Seepage i=>

Water Table

zl% 4-17 #44 4 #4 sift- 44#34 7H^£

4-2-2. #4471# 4##4 

4-2-2-1 Liner System

4 A^# #4 311711- #4 44# #44# @;H# #44
1-4 3l#sHr 44# #oi^ 311711- 4## Lining# 44 44#& #4 $ 
4# # $1# ##* 4444 #4 s.4 5 44#3 4 #4# 4#
#424- 4# 7H444. 4 #4 1-4# *44 4444#4 444 #4 4 
44# 44# #^44# 4# • ## 4# 4## M# 444 44 44 

# 4# *44# 7>44 #44# 4#44 t# #43# #^ 44#4 a 
4.
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S4 44 3^17l# °1#4°1 Liner System# 4# 4" #441 #,

## 4"e]455=-t 4#7l 434 4^4 #|7l## 4#^7> ##(%

HOT 4## 4#44 44 44"## 4# 4" $4. 5# 444 # #444 
#4# 4#44 44*1171 #3. #4 f^r #4414" #4# 441# 4" s 
#4.

Liner System^ #41# 4# 4##4 4414 4444-.

• 444|7l# #4 
-4-44 s4 

-4£#5£ 

,-4"44ee

• 44471# 44 4 EH 

-Liner-4 44

-Liner 44 444 3$fl4#4 #4 ^ ^a> 

-^17l# 4 AH 4#

-4"#(2KE)S#

• 44#4
-4^4-4444 714(44 54)

-45444 4Efl 

-4f&4

44*1)71 #4 ## 7>#4 Liner System^) 4 Efl#

44 *1)4# 44# 44 Liner System# #444 5.4 4#4 #4(5. 

4-12).
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3. 4-12 Liners System-^}- 7l?

Liners System^.S.>1 7}?# 45 ^ 7]?

System 4-rl e#(45) €"2

A: ^-S- 4=4 €55 
Liners

1. 7>C|S 44
• Liner7> 454 44 444
4 #€44 4.

2. Si? Liner

• 445
• S44
#5 4 #2 #41

• Geomembrane
• Composite Liners (Geomem- 

brane4 5.4 -@-4#)

3. 441 • €444

B: Liner 521 45 
(Cushion)

1. Geotextile

• 4-44 4# g 414444
44244 44 Liner7> #
444? 444-71 44 
Geomembrane 4 • 44 24

2. Geomembrane 55:-§- 
4 €5

3. €5 Liner 55-g- 21114

•Liner7>‘ 44? 454 4?
1 41 4

• 4-451- 53:457> #4 4
?€ ^ a?

C: 4=?(2K@i)2€ li

1. *}444= 4-4?
• 4=cm?44 24541- 54 
4 7}#ee 244 €#4=1 
®}5t11 44=4 4= $14.

2. 544 442.

• 2444 444 544 44 
25 Liner-rl 4 4=?1 24 
4 4= 44. 4444-8- 44 
44 4=?, 44 4 442 
444 4=4455# 544
554 447}?.

3. Geocomposite System • ^1 €44 44=1 44 
454 71144.

D: €14= €4=. S
4 7)

1. Synthetic Geonet Materials

• 5455 44=4^15
# 14€ 5#7} #41 4 
55 145 0.16'-0.30' €5 
4.

2. 7}£44^ 7}:£?

—116—
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• 4# Liner System
• ##(tK®)54 #5^4: ## 4# Liner System
• 4-# Liner System
*### 4# 4 4]# 45^* 24 Liner System
• 24 Liner System#) 4 #4 7] 44 44# 4

443(17]4 #s]# 4# #4# Liner Syetm# 44, 44 4 444 5#

44 4# 44# #4 ##4 M44 44# # 444 #4.

1) #4 Liner System
4# Liner System# ###7> 445. 2:5# 44 #447] fM 

4. 4 System6)]4 ### 44 ##4 44 #444.
• Liner##4 ### 3.7]
• Liner# 44 4 4S. 44455
• 447} Liner6)] 444 44

2) 445444# 44 44 Liner System
44 Liner Sytem4 4#4# 44 4944 liner##6)] 4 5444# 4°] 

4. 44# 44544 £4455. 44 4 7] 4^4# Liner System55 44 
##47} 7}4 ti)] 4 440} #4.

3) 4# Liner System
5# 45# #44 Geomembrane 4 44## 44 # 45^4 # 

4] 4 4. # 45^44 #4 #4 4444 Geomembrane 55. 44 ###7} 

#444 54=455 ##4# #4 #4444 #4. #4= ##44 #5# 
##4 #### W# #44 54=4=55 ###7)1 4 444. 444 t#4 
# ###4 #4 #7}#7|] 44.

4) ### 4# 4 41# 45^* ## 2# Liner System
-117-



£ 4^4 #44 ##47} #]4£)4 44# 444# #4 4

#4 44 y1145 4444. 4#4 44 4 44 4—^3# 4^4 4? 4 # 

44 tf 44 4-2. 54## 4 4 4# 7] #4 4. ##4 44 4 44 4—

## 2?M Liner System #44 4444 44 Liner# 4 #4# 445. 4
4€ 4 $&4.

4#4 44 4 44 4—44 44 444 -8-55 4444.

• 4 4# 44

•114 Sump4
•44 44 444 4#4 44 4^

5) 2# Liner System44 44 4—^# 4# 4—^

4 #5#4 Liner System# 45# 444 5## 4 ^5# #4-## %
4 S14.

Liner System #444 7>4 4-8-# 444 44# 4444 4#44 4 

4 7>##44. ## #7l### 444 4#44 ##1444 5#44 #4# 

4 44# 544 4-8-4 #54 4 4#47} 4#45 #4#5 447} &# 

444. ztsi# ##47} #4# 4# 44## ##44# 5##5 ### 

44# 54455 44 ##47} 444# 7}#4# #5## 457} ##.
Liner System55 44 444 4 %14 ##44 #=# 4# 5##4 4#

44.

• Liner#4444 # 44(44)

• Liner 4 5# 451455

• Liner## 5# #4 44414 44455, ### # 7}#4 4 #4#

Liner #4# 444 47l# #5} #4 #4, #4, #44 54# 4 ##.

## 4“##] 4## 4 Liner # 4 ##44# 44#4 30cm°1 #5 #4 # 4

##. ##4 44 # #14 4—## 4# 2# Liner System'll# Liner #44
—118—
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4 w +## 2cm# £7> 2## + $14.

Liner System6!!# #+4 #7>4-7l 4-5fl4fe ++444 tflwj- <^

#=-& #7>sKr #4 4A-5>4. #€# #5 Liner+4#E2+ €#4 &+ 

44 10'6~10"Wsec7jE 44# 3^+4 ###€#2 4si# +4€5i:E %

& €-##. €#+4 ++# 4### +4 #4 ++ 2.#(#4)#4 7:444 
2-4^4 444 Liner #+4 ++#54 4+### 4#4 + $14. # 
Liner System# # • 4##4 W2 ## 47]#4 5# 7]*4 4442.5

1:4# 44 442.5. 44# + $14.

4-2-2-2 ###€# 44-# ##44# 5#7l#(##+ 44 #4 4#) 
##44#5 ^-4 ## ##4+4 #4# #44 4# 4+#

• Oxygen barriers(moisture remaining) 7]#

• Oxygen consuming 7]#

• Reaction inhibiting 4# +o] $14(CANMET, 1994).

#4## 4# ##44# 44#44 #4 €#+(4+) #4# #4## 
4# 414# #4##4##4, 44r€4 # #### #4 #7:4-55# 7>+ 
#4. #,

#€44 ###-§-

FeS2 + -|o2 +H20 -> Fez+ +2SOl™ +2H+

7}#€4 (pyrrhotite)4 ###-§-

Fe7S8 +3 \ 02 +H20 -> 7Fe2+ +8801” +2H+

€4 ###-§-
2Fe2+ + \ 02 +2H+ -* 2Fe3+ +H20

€4 €€
Fe3+ +3H20 -> Fe(0H)3(s)+3H+

€4 ###-§-
14Fe3+ +FeS2 +8H20 -> 15Fe2+ +2S01” +16H+
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44 444*4.2-3. *4 444#4 4# ^ 44444* M4 *-2- 

2144 # ^ 4a<9* # * $14. 444 # 4 444 2144 ^144 44 
# 4a4 4 * $14.

444444 #4# #4 4a4*4 44 444 444 44 *3. 44 

44 444 4 #44* 444 4*444^3 4#4 * $14.

444
C = 444 4a*S (mol • m"3)
De = 444# #4 {W= #4 44 (m2 • S'1) 
z = 444 44 (m) 
t = 44 (s) 
v = 4##(m . s'1)

Kh = *4 Henry's law 4*
(7fla4. 4a mol • m"3 4 4 4] #4 4a mol • m'3)

y = as.4a4^4 4*(444 444 444)
Rs = 44#4 444#-&(mol kg'1 s'1)

Scharer et al.(1991)4 444 *£ 4 pH7> 444^1 4444 44#4

444 444 #4 444 44 43. 444(^144) 4444 4# #4 4 
444 ^#4 444 4*44 4a*s=#43 44 *4€ * $1*4 4144
$14.

i
^Khc,

y

J = 444 *4 4 ( mol • m“2s_1)
Co = 44#4 e*H44 44 4*44 4a*z (mol • m'3) 
0 = 444 43 (kg m"3)

444
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# #53. 4# #4*4 #-B-*(Rs), Effective diffusion(De), 

^^S(Co)^ #*44##4 4 <5)44 45** * 4 $14.
### 44 4#4" #4* 4# 44444 5##* Cover# 44* # 4 
44# 5^** *^#4*4 4*# #44 #4. *57> 44# M44 
#4 #4* 44## 4444# #&4 4*7} 44(5. 4-13).

S. 4-13 #*44 4444* 4# 4445.4 #* ^ 4#

4445 ## 4# ##44 44# 44

*5## #* ## - 4*# #4 #4 47] 44 #57} 
4*4* 4# 4#

#552. ## - *5* 52## #4# &#4 
*4i#* #°J

*##-§- 44 ## - *#*-§-* *4#44 pH*
44# 4

® *5*# #* ##'

44# *db7> 4-4# M4 ##4* 444 44# #*# ##

44 4*4 4#4. #4#* *# *5# 4*4 #*##4- 4* ### * 

4* #*4 5£##4 4# -n-5 4*44(De) #4* ###55- s##4 4 

#4" #4(Elberling et al., 1993b).

De = Daz(l—S)a+—^—-

44#
De = 44##4 #54*44 (mV1)
Da = #4 #4# *5# 4*44 (mV1) 

Dw = # 44# *5# #*44 (mV1) 
x = #444 (Tortuosity factor)

S = 3E#5 (#-§-#/*##)
H = 44 *4*4 
a = ##44

-121-



-FrS. #*4** 6*6(0.2-0.86)4 444 5.64xi0"7m2s_144 1.66 x 

lO'Vs-1^. #**4-. De7> 6*64 3.711 44-4x14 6*67> 0.644 € 4 

De* 44# 4444. 4 44 6*44 4*43* 44 6**43 44 7> 

7>*#14 4-xvofl **1 ^44 4#4 4*46# 7] 4# 4 44. **463 

#*4 44444 444 1S7} 6*444 467} 444"# *44 46*
4.

® *6 66 #4

#711-4 S714 **4-§-# 4*4- 44 46* 63# 4" $14. 

(CH20)io6(NH3)16(H3P04) +13802 -> 106CO2+16HNO3+H3PO4+122H2O

*7l 4-1-4# 4^*4 4# **4*4 #4463 * 7}4* ^** %

#63 4 #143 #4. 0M* Lignocellulose7> -§-#4*63 444*
Enzymatic hydrolysis 44 4 4.

4-444 #4*4 4*44 MM 444)4 *44= 66* 4= #4. #

(CH2O)i06(NH3)16H3PO4 +53S04” -* 53S2™ +106CO2+16NH3 +H3P04 +106H2O 

#4 ^**4 #*# #*4*-* *4 44 #44 pH*444 *644.

44* *#* #7l# Hydrolytic bacteria 5! Desulphovibrio 4 7l*4 44
4 *4*4.

4*417l *(4* • 44) 344 44(Cover) *4##4* 4*4 44.
• #(43), 4**4* *

# *6 661-1

#4, 43, *4, #44, **, #6, 44*44*
# ** 4* 4# **

#4 Liner, *6*3, #343, 4*4*4 6*44 #4 *=* 44*
• ****** 47}

4*4, 4*4 4*, *4-4 *44 #* *4-4 *4
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414 tfl## 244! 4#1 £4.
4 "#4 1# 14 1414H !!1#4 1!1## &1411 #4 44 

4(0.3—3m) 4)44 44411 45. 1114. 4 ### 12 #4 44)1 a 
4. 2144 447} 4# 4# 141# 5.144 121# 4144 1211 
7))47} 1414 441 1!1#4 444 4# 114 441 ^ &
4. 441 441 71144: 4-§-44 1441 #411 41# 4444 12 
22#!, 12 44#1 ## 44!-#- ^7M## 444 #141 £l^4 
4 444. 41! 4## 4-§-44 4^il# 14111- 41 # !1 1# 
111- #^M 41-& 7H44-2. ##^111 4 144.

4-2-2-S 1144#14 #5# 441 17}
4147114 #s# 111 17}1 412- 1144! 2114 14 # 

1# 4444 441 122 44 7}*3114 44 414# 14# 1444 
14414 12! 1144. 47114 4#4 ^2# 14444 44 44# 
4#4 4! #2#4 12! 1144-147} 1144 111 !!.

44# 21(44) #2# 111 #122 *41111 *#4 ^ #44 
111 •1g!ll ## # # 124 44 71114 11 2211^ 
(GARDS:Geotechnical Analysis for Review of Dike Stability)22 1114 
tfl! l7}7} #11 # 14.

1144# 14 ## 4# 1414 #2! #41 #122# 4#4 14.
• Stackability
• #4 414 444 tfl! Ill
*!#!

• tiB #1 -#-411
• !(#) 11# 1!1
• Liner414 -#-§-7}#l
114 4#4 #41 #14 #2! 4#! 4-S-l 14. #, 44##4

434 14417}, 4144 1# 1441 4! 411, 44#2 #4 #1!
# SI# !##, 11^2214 7}#1 ^ 11414# 211141 4! 41
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1 J|7M #44 #14 nfl-f
414 #41 #1# S1H33 #4 °j£H, 44"#, 15, 1#4, 

4"1153 ^ #4-5 ## ##331 4-4"% 4" 44. s# 44 444 4 
44# #44-3. 44 44# 444-4 7H144 1# 4-444#44 4# 
4# #114# 4444 HKBeach angle: 444444 #44 445-
4111 444 M4 45) ^ 45 ## #4 135 $%4. 444 444 

4#41 44 #45a># 4444#4 3444 3441# 14444 #34- 

37} 44 4444#41 1414## 444 34 4 # %# 44# 1# 

1 #4.

4-2-3 ##4 4444# 34 4#
44 l7l#l 44 3#44 34 ^ 447> 4#444 4&4" - 44# 

#4 #1 ^ £4411 14 4144 414# 444 4" 44. 4414# 
44# 44 114 14# 3<3C344 44, 4417]#4 #4.444 #41 
7>, 44171# 44 444 441 #44# n^n #4 ^ 3# #1 44
#44 17># #14 4#4 44 1 444.

1144 1414# 144# 1##, #€# #4- #4133 111 
34 #4 ^1 1414#44 4# 1#4"(1: l#!^) ## #4(1: 1 
4113)4 1414#141 1# #3 1#7> 43 44.

1414# 3114 144 ##11 #41# #14 14#(54"3, 4 
4), 1414# #4 14 4 411 #£#(#% #h454, ##Covering 

% #4)# 141 41. 1414# 114 #41 #133 44 ^ISc&(34 
4# 14) #1 % 4" 4333 44 14 115 4#1 4-4-4# 1311 
44-.

1414#. 44 44 4 1414# 31^1# 1411 411 al 4 
#44-. 11 3411 1414#4 14 44# si 1#, 441 ^ 143
##44 #5433 1#147> 7>1 Hi.
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#44 # #4*# 4*1 ^-#44# H#

- % 44, 9-71 ##) 4# S.# 4#

- 44 44 441# 4#4= #44 4#M4 44# 44 4& at# 

(4= 44)

• #44 44# 7]# 5.#

- 44 4# s.#r(4: 44##, TlJE##), 4##^ 4#4 4&#4,

- Liner System 44
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4-3. ^=?■ cflaj

4-3-1 2<g£^2) 4^0^14 £-<$5- 4€44 702

£42 <91% 4% £44 *Hf44 1412) ^41 4*042 A}%4 44 

4 4*0% 14, 1^4, 44, %%#%, 44%4#% 14 %%4. ZL512. 

£42<g-i-%4 494}, 4#, 4%, 44, 7>4 24 4sl%2£4 £42^4 4 

#4€ 4 $11 4^ %#4 £42 <3 -n-#4^443. tt4.

4%4 %%% 2 <94% 4^34)^ 4 • 4 • 7M%%2) 4%44# 44 
(44)4, 41 O-^JL 44 £4214 $124 zl ^4 %42) £44 2 <8 

444422 444 4 $14. 2<g7}l#%£4i 44 ^ %#45) 44 4 A) 

#49% 14 144 ^ ft^2] A]4## 1: ^ $14. n 4544 

£a1 4^#, 42, 451, 4%, 44 ^ a] $14'ir # 4 $14.

Powell(1994)4 2)4 A4% %4 24 £4 447144 24%% 444 %

4.
• Solvent Extraction Treatment (144"#%)
• Mobile/Transportable Incineration Treatment (24-%)
• Chemical Dehalogenation (4 %£%%)
• Slurry Biodegradation (^14%)
• Soil Washing Treatment (£444%)
• In Situ Soil Vapor Extration (%%£4 17)%#%)
• Thermal Desorption Treatment (4 4 2) 71^)
• Chemical Oxidation Treatment (%%%)
• Electro-osmosis, Electrophoresis, Electrolysis (%7)^)
• Solidification/Stabilization of organics and Inorganics (3l^§5}-%) 1

%7l £424 447141-4 44«14, %4 4^, W f

si 44% 2%4 44 24 £4 414 %4* 414.

4-3-2 44}4% 24£ 24#% 707) 44
%%£%% 41M £%% Al»j^ 7)1 302 %5 621 444}# 4«0 4#

A)l%% 4 $14 244^1 244714 £424444# (1% 7)1202

%%)1 2441 24£41 2a>447> 445)4 444(5. 3-11 42).

4%, 441 244 a>^^14 ^ 24 £42) 70414 ##44 4s)# 4
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3. 4-14 44 £4 7] #(44 4 44 Qig)
? 4 4 # 4 # 4 4 4 4#

Cadmium O.OlmgA 44 44 Img/kg 44

Cyanide Not Detected Not Detected

Lead 0.1mg/l 44 -

Chromium (Cr6+) 0.05mgA 44 -

Arsenic O.OSmgA 44 4 15mg/kg 44

Mercury, total O.OOOSmgA 44 -

Alkyl Mercury Not Detected Not Detected

Copper - 4 125mg/kg 44

3 4-15 #4 S4= 7ie (M : mg/kg)
4 4 44 ¥4 4e 4 3 4 7] e

Arsenic 20 40

Cadmium 0.6 1.5

Chromium - 100

Copper 40 60

Mercury 0.3 1.0

Nickel - 50

Lead 50 100

Thallium 0.5 1.0

Zinc 120 200
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5. 4-16 4M##(EU)

Agricultural
Residential/Park

Land
Commercial/Industrial

•
pH 6-8 6-8 6-8
Conductivity 2 2 4
SAR 5 5 12

Antomony 20 20 40
Arsenic 20 30 50
Barium 750 500 2000
Beryllium 4 4 8
Boron(Hot Water) 2 - -

Cadmium 3 5 20
Chromium(Cr6+) 8 8 -

Chromium, total 750 250 800
Cobalt 40 50 300
Copper 150 100 500
Lead 375 500 1000
Mercury • 0.8 2 10
Molybdenum 5 10 40
Nickel 150 100 500
Selenium 2 3 10
Silver 20 20 40
Thallium 1 - -

Tin 5 50 300
Vanadium 200 200 -

Zinc 600 500 1500
Cyanide, free 0.5 10 100
Cyanide, total 5 50 500
Fluoride, free 200 400 2000

Sulphur, elemental 500 - -
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4-3-3 24 £##7) #

#4 £#24 4 4 4 #(#4 4192 ^ 4202 #4)4 44-4 ##M 
£## 244# ### #4:471# ^ ##44" 2### t£ 4-2#, #4, 

42, # ,#, »>4, ## ## # # 44. 444 44# ###4 44 ^£ 

## ## £4=4 24# #44. 44# #4### 44# # $1jl 2# 4" 
###4 7}#4 #444# ##4471 #4 #4# 4## 24s## 4#
71## #44 4# 442 #4(Trost, 1993).

44# 444# # #4# 44#4 44# ##44 *## # Slfe

Detoxificatoion ^ #4# 44### #44 Soil Washing 4## 24S4

### #42 ##44 ##### 4444 4#24 ### £#22 #4 

#4 ^ #4# 2#### 444-4 2 444 #44 4#2 #4# # $1

4.

4-3-3-1 Soil Washing 7l#

£4=444## 444 37>4 #e##22 7fl#s)4 22 44 (Trost, 

1993). #, «42 ## .24### ##44 4444 #4 ## #44 # 

#4 2## 4#444—^ • #4(solvent) 2# #4(chelating agents) ## 

4## Counter Current Decantation(CCD)#4 #4 4.

1) 42 ## 4#

2#### -20044 444 4##4 #2 #2#tBr #44 42#4. 

44# SI2# #2 ^ 4#4 #4##4 4##4. # 4## ##44 44

4# Tumbler, Trommels, Sonification, Hydrocyclone, ##22# #4 #4S

44# ### 44# £#22 #4 ##4 # =r #24, 44-4 2# £# 
4 #4# #44 #44 #4# # 4 #4.

2) 4#4 4 #2^ (Aqueous-based soil wash system)

4#44 #213# 42##4 44# ## ### 4 Si# 4#2# ## 
##4 ##44 €4# 4##4. 44 2#### 424(4#*#4), #4-
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4711, #4 ## #4444 A4S#6!! Jf-444 ##444. 4 #4 4 4^€ 
# #44 A€&* #44444 ##44 #4 AS 4 #4 4 A€irl# X 
#(Froth)s ##44# #44 s## #444 €4144 4#4# #4#s. 
#444(^4 4-19).

3) Counter Current Decantation(CCD)

CCD#4# €44AS. tifl€€ Thickener## 4444 S€S# 4# 
Thickeners 4 #4 4 €4 #4# 4 #44 s## 4444# ##4#44. 
#, 41 Thickener6!! S## ^JL 44444. n 4# 4A# 4#44 444 
S#& 7112, 7113 Thickeners 4#444. 44, #711, 4/44, #4]# 4# 
Thickener6!! #444 S°M 4#4 44. 4#4 #4 !#4# A€#44- 
#711# 4#s >|# 4A4 Thickeners 4#444(^4 4-20). 444 
### 4444 €4- A€#4# s€A.s#4 ##44 4#AS 4#44# 
A€ 414 4 #4 4.



Flocculor.t CLEAN SOIL
PREPARATION

S:zed
:crtorninc:ea

J Recqerts

Cel.s

Continuous Pjcte 
and Frame riiterPREPARATiCN

Froth 
Solids t 

IQNTAMlNANT
Cleon

Dewctereo Soil 
(Returned :c 
Excovotion)

Surge Tcnk
Boic-ce

£«2 "eta Sends Cee-. Severed Sail Wosh '.Voter

4-19

HX

Solution :vement

Solids Movemen:

4-20. Counter Current Decantation(CCD)4 >l]>| 7^2
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4-3-3-2 3<g£ 4€ 7)#S) g-T])!

1) M3 444

£4=3<33£ 4tl7> 3949 34999 444t11 44# 9 $14. 44 

#94 444 444 4# #9494 94# 9 44. 444 £4 444# 

£ 34944 444 #4444 44 4 44#4 9#3£ 4444 494 

4 444 9 44. # 4s. 44 4 f4 3457} 44 19# 54 445 

1919 4444 44 M9#4 44) 417)1 4 44. 3.44 4454^ 

44 949 -H43 4)44 949 44444 4#4 4/44/44# 3# 

4 CCD 44 9991 4 5944.

2) £4 444 444
4 £4 534 4 £4-4 119# #44 4494 4444^54 49 

1517)) 7)4 54s £A>x>S.(Esposito. 1988) 534) 454 449 45444 

44-4 £4 54=35 4444(3 4-17).

3 4-17 44 Sufirfund Sites) S4= #4 (Esposito, 1988)

£4 #£(%)

41 45 30

45 10

4-1 20

45314 40

444 54=444^134 4-44=4 444 £49 44# 9 $144= #4. 

3 4-184) 4 £41 49 9944 93 944 94=14 $14. 3414 * 9 $1 

94 -10^m49 544 417)5)4 £431 44444) 911 54(97)1)4 

31.2%41 31 £4 &&1 # a)£(As)#4 68.6%7> 71)7)% 9 $14. 35)4

Pb9 As41 47)54# #4 9S>H£ 49 41 4 TO44 # 444.
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444 SW{^£)01 4# ^5# #M* Q ^r $X
4.

Prost(1993)7> 4^44 54444*4 #*fl ^ €4 4# 4414 4# # 

4, USEPA mobile extration systemC^^l, *7] 4* 44), Heijmans

Millieutchniek BV(4 4, *** # 4*), MTARRI processes, Cr ^ Zn #) 

#4 44. 44 44 4 44 4* 441* 4444#4 4# 544 *** 

5454 44 4^4 4-55 #4% * 4* 444.

a 4-18 45* *** *5 4(Trost, 1993)

*5 wt% 
fraction

As wt% Cd wt% Fe wt% Pb wt%

+30Mesh 8.9 800 6 60 7.2 27000 9.7 500 6.7

-30 to +325 41.5 340 11.7 33 17.8 8900 14.4 220 13.3

—325 to +20|i 12.1 670 6.9 54 8.7 12000 5.8 680 12.3

-20 to +10 7.3 1100 6.8 110 10.7 18000 5.2 1300 14.1

-10 to +5 4.2 2000 7.1 160 9.0 34000 5.7 1500 9.4

-5 27.0 2700 61.5 130 46.7 55000 59.2 1100 44.2

4-3-4. 5*54 444 4 (Soil Washing* 4#)

#454* 4444 54* **4# 4*11 ** 414 444 ^ 54=5* 

4444* s444 5*54* *4 244 4444 ##4. ^44 24 

4 s<& 45* 441. 14 445. 4444 44 244 #4 414. ^44

41 244 441 44 4 #4# 244-* 5*57> 41 * 7>*4* 1* 

455 4&14. 444 1 4*24- 444* 5*57> 41 44 1141 

liei 54* 5141 * 1* 444** 4455 4 515 *1 44 

45# 144 4 #44.
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1. 44 44
• 4t4(100~1000g) ,2.4 S3 4 34 3425

34 ^#4 3 4 #4 SM3 49- =r#3 43-4 5|7>

• #424(4434 24)3 .£<££ 44# 3# S<£ ##4, 23 44 
4, #5&# 344 43

2. 44 4# 44

• 44^4440)14 44144 44# 4#3a #344^, 4444 ^ 

444 ##23#4 4444 ## 44

3. 44 M3 23 491 44 
• 44^4 23 S3 44 43M3 49-4-3 44
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an 5 a 2.4 w 4g

4#4 44 2:A> 441- A444 4#4 #4.

5-1 M9-5EA1- §j

5-1-1 4-§-(5. 5-1 #2=)

# SA> 44 - 4443= 4#4"(794"), 44471# 444 4#4"(4*4"),

44^4 45^(^3. 444")

# 444"# 2:44#- pH(4"db»!##£), Eh(444€44), TDS(44#3.

4#), 444SS, 4s, ##4^4 #
# 4414444 44- As, Cd, Pb, Zn, Cu, Fe, Al, Mn, S042" 4 CN #

# 794" - 4 #4" 4"4 #4-

794" 4 4#4"4 4"44-a* 44iL44 4"4#3 M4 *n

40S 45. 114 Hi5744 4# 44 794" 4 4#4"7> 4?1 4# 7ie#

# &44.

pH(7ie4: 5—9) &4 44 : 44(3.6-4.0), 44(3.4-3.6),

4##(4.9), 44(2.7-4.3)

As(7ie4: 0.5mg/-C) &4 44 : ^Hl(OT)(0.6mg/.e), #S(1.21mg/0 

Cd(7ie4: O.lmg/ Z) &4 44 : 44(0.2-0.3mg/!), 44(0.19mg/A) 

Pb(7ie4: lmg/Z) 44 : 4##(3mg/ £)
Zn(7l ##: 5mg/Z) &4 44 : 44 (llmg/ £), 44 (19~20mg/ 4),

44#(23rag/n 44(15mg/ Z), 

4S.(35mg/£)

Cu(7l e4: 3mg/1)^44 : 44(9mgZ Z), 44(5-20mgZ Z),

44(19mg/ Z),

—136—
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3. 5-1. ^ ^^1, £<£ Wg-^14

44 5.444 ^<3*83 4 a
-§(4 4, 814 91 4 24)

°<M-S
oH Eh DO Turb TDS As Cd Pb Zn Cu Fe A1 Mn SO/" CN

(mV) (me/1 (mg/)'(mg/I: (mg/1) (mg/1) (mg/1) (me/I) (me/1) (mg/1) (me/1) (mg/1) (me/1) (me/1) (
i)4 No. 5-9 <0.5 0.1 <1 <5 <3 <10 <10 <i

14

1 *\S. ■5,4.4.44.4244 8.4 225 15.6 179 86 0.0010.001 <0.0050.001 0.015 0.02 0.15 0.002 22
4.4.4,44.4244 ')4 4-4

2 4 2 "@4
4,44 24 4=1 1
4,44 24 #33 "T 8.2 221 8.7 175 178 0.008 0.002 0.005 0.200 0.002 0.02 0.31 0.029 83
4.44 24 8.2 214 8.5 181 499 0.004 0.001 0.034 0.039 0.001 0.04 0.59 3 459 Nd
4,44 24 4=1

3 ■54

"o ,*V 44 4=1
-D ,-C 44 24
*o , -C 44 ¥?4 8.3 210 6.2 228 287 0.009 0.001 <0.005<0.001 0.005 0.02 0.24 0.003 144 Nd
4.4 44 ¥T? 7.4 109 5.7 175 256 0.007 <0.001 0.008 <0.001 <0.001 0.05 0.27 2.100 46 0.011
■5,-6 44 444 8.3 210 6.2 228 287 0.009 0.001 <0.005<0.001 0.005 0.02 0.24 0.003 144 Nd

4 ■34 (44) 4 24 444 7.9 185 7.0 191 221 0.002 0.001 <0.0050.001 <0.001 0.04 0.22 0.280 60
5 44 4,4,44 - 24 444 6.7 146 7.4 236 180 0.013 <0.001<0.005 0.610 <0.001 2.81 0.78 1.420 152

4,4,44 24 *)-3J "T 7.1 197 8.8 250 90 <0.001<0.001<0.005 0.250 0.003 0.08 0.31 0.330 51
6 2444 4,4.4 24 44 8.2 188 7.6 195 162 0.001 0.001 <0.005 0.120 <0.001 0.02 0.30 0.180 28

4,4,4 24 24

24

7 44

4.4.4,424 44 44 7.1 185 3.7 239 506 0.021 0.009 0.023 0.700 0.010 0.01 1.32 0.220 700
4,4.4.424 44 44 7.8 9.6 295 475 0.036 0.003 <0.005 0.063 0.010 <0.001 1.02 0.009 415
4.4.4.424 44 4=1
4.4.4,424 44 444 4.6 270 7.5 330 279 0.012 0.003 0.170 0.200 0.041 0.41 9.36 1.220 277
4.4.4.424 44 444 6.1 155 8.2 386 328 0.012 0.003 0.120 0.140 0.017 0.94 1.58 1.050 307
4.4.4,424 44 -“r 7.3 206 8.3 382 148 0.034 0.002 0.014 0.031 0.013 0.07 0.31 0.086 90
4.4.4.424 44 "T 8.0 195 8.9 357 514 0.016 0.002 0.061 0.025 0.012 0.01 1.12 0.620 422

8 44 444 4,4,-$-,4 ,4 ,°14 4 44 tPPr 8.2 236 8.3 330 213 0.010 0.003 0.019 0.110 0.010 0.01 0.55 0.058 100

9 44
4 44 *1 4)--^ 6.3 5.2 206 0.004 0.011 0.045 2.400 0.100 0.00 0.30 2.600 152
4 44 ¥¥4 3.6 388 5.2 474 307 0.029 0.022 0.720 11 0.380 0.82 4.16 6.760 248
4 44 444 4.0 4.3 244 0.060 0.046 0.240 9 0.440 2.51 3.40 4.400 225

10 •54 4.0)4 24 4=1
4,o>4 24 444

11 44
4.4 44 44 8.2 211 ll.l 283 419 0.220 <0 001<0005<0001 <0.001 0.02 0.37 0.073 263
4.4 44 4=1
4.4 44 4=1
-£,-e 44 8.2 224 8.7 178 72 0.053 0.001 <0.0050.001 <0.001 0.04 0.09 0.001 32 0.013

34

12 ' 44 4.4.4 24 44 7.2 279 7.0 236 100 0.0200.0010.005 0.020 <0.001 0.03 0.26 0.020 31 Nd
4,4,4 24 44 7.6 244 8.2 243 68 0.3000.0010.005 0.110 0.010 0.05 0.71 0.580 85

13 44 4.4.4 24 44 4.9 299 9.0 334 603 0.0200.0010.005 0.090 9 0.04 10.60 2.380 718 Nd
14 4,4,4 24

15 44
44 24 44(414) 3.6 377 6.0 222 1412 0.300 20 7 182 16.00 76 2592
44 24 44(424) 3.4 406 3.9 190 924 0.040 5 20 0.50 15.00 11 696
44 24 44(434) 5.1 194 3.6 281 1551 0.240 19 5 214 5.00 80 2778
44 24 4=1 (

16 44 4.4,<3.o)oj 24 4=1 1
17 44(44) 4,4,4,‘S,°)”d 44 4=1 (

4,4,4.y.o)4 44 24
18 4r^j 4 ,o)4 : 24
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^=1 S°j=
si a

•JM* ■f°)4 944? |-f-°l -S-
Cd Pb Zn Cu Fe A! Mn CN As Cd Pb Zn Cu Fe A1 Mn CN

(mg/I) (mg/kgl (me/kg) (me/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
cO. 3 <3 <3 >15 >1115 5TF5T1

949 44
1.010 0.140 1.700 13 3.0 24 3 Nd 949 94
1.042 0.200 4.1 0.010 0.04 1.08 15 9=14 949

4 2 94 94 9 49
944949 *>4

1.042 1.053 1.7 0.012 0.04 0.79 210 9=114 949
0.001 0.051 0.014 0.013 <0.01 0.40 0.740 •94-3

0.270 0.006 0.530 0.820 0.930 83 37 14 94944 459
949 994
949 44 94 444
949 994
9944 44
949 44
949444 499 44
949 44

0.130 0.033 1 2.310 0.012 0.52 0.89 202 499 44 4.5.9
444 94
=£494494

1.004 0.350 0.090 0.009 <0.001 1.21 3 444 94
4999 44 44
49 4a94 5 49

; 444944949494
499 49 44
94994494
949 994(24 24)
949 494
949 444(24 54)

0.50 2 55 0.550 <0.01 0.87 0.250 4449 44 559 94
0.180 0.28 11 18 3 99 67 6 4 499 94 459

4299 94
0.016 0.075 0.790 0.017 0.01 1.03 5 4299 9 94(4444)
0.022 0.190 8 0.570 292 54 1.040 949(4444)

494a9 994
949 9(9499)44
949
949
94a9 4(499 9)
419 55(499 444)
429 55(4494)
4S99 9494

=0.001 0.240 0.190 1.280 2.82 3 0.260 4949 444 49 94
0.050 0.050 .8 0.280 0.14 12 3 949. 4444 4
=0.001 0.010 0.230 0.010 0.03 1.46 0.350 949. 4444 4

0.020 <0.001 0.150 0.320 0.200 0.23 10 0.160 9499 45.9
9459 4(44 9 9)



3. 5-1. 7#

44 5.4 4 4 4^.
^(=84, 44 Si 4S4)

^ 444 -9414 3
SM-&

oH Eh DO Turb TDS As Cd Pb Zn Cu Fe A1 Mn SO,2' CN /
(mV) (me/l fme/llms/l) (me/l) (me/I) (msjl) (ma/1) (me/1) (mc/1) (me/1) (me/1) (me/1) (me/1)

s)4 No. 5-9 <0.5 <0.1 <1 <5 <3 <10 <10 <i <1

44

19 44 4,4.4 44 ¥4 <0.
4,4,4 44 24

20 7M 4 .44 24

21 SM-S
4.4,4.4 44 44 4.9 276 8.1 386 60 0.050 0.100 3 23 1.040 0.52 4.22 1.630 156
4,4.4,4 44 4-4 <0
4.4,4.4 44 4444 6.6 286 6.7 234 518 0.050 0.010 <0.005 15 0.030 0.35 0.80 0.060 19

22 •f-5 4,4,4,4 44

23
4,4.4.44 24 44 2.7 560 8.2 208 32 <0.0010.190 0.190 15 19 177 27.50 5 955
4.4.4,44 24 44 4.3 309 7.1 221 187 <0.0010.010 1 1.270 1.240 0.84 4.16 2.000 165
4,4,4,44 24 44 0.1
4.4.4,44 24 24

24 44

4.4.4,°f4 24 444 7.1 221 9.5 202 466 0.020 0.010 0.020 0.220 0.020 0.22 0.13 0.010 38
4,4.4,44 24 444 7.5 246 7.8 197 402 <0.00l<0.00l<0 005 0.030 Nd 0.43 0.07 0.140 31
4.4.4,44 24 444 7.6 239 7.4 385 123 <0.001 0.010 0.030 0.340 0.030 2.11 1.84 0.300 95
4.4.4,44 24 #44 7.4 208 5.0 208 165 0.010 <0.001 0.010 0.360 0.010 0.63 0.22 0.240 70
4,4,4.44 24 443 •‘t 8.5 207 9.3 215 200 0.020 <0.0010.005 0.070 Nd 1.06 0.14 0.140 40

25

4,44 44 44 <0
4,44 44 24
4 ,44 44 24 1
4,44 44 444 6.9 84 6.8 399 43 0.070 0.040 0.340 35 0.260 1.68 0.34 17 378

26 44 4 44 44 6.9 84 6.8 399 43 0.050 0.001 0.040 0.900 0.010 2.66 0.20 19 594

64

27 44
4.4- 4-4 44 7.8 227 4.9 217 292 0.089 0.001 0.0050.0010.001 0.017 0 35 <0.001 137
4.4 44 444-mi 44 8.7 174 5.0 237 278 0.0610.0010.0050.0010.001 0.02 0 31 <0.001 1.38 1
*o ,-C 44 44444 7.9 177 4.5 215 278 0.027 0.001 0.0050.0010.001 0.017 0.46 0.005 148 L

28 ^-3(4^)
28)24.5)44 24 44 0
2 8)24 ,5)44 24 24
28)24,5)44 24 8.4 66 6.4 224.0 227 0.007 0.001 0.0050.0010.001 0.017 0.40 0.032 81.7 Nd

29 4M4
4,44 44 *M)4 8.2 180 7.8 209 38 0.003 0.001 0.0050.0010.001 0.021 0.058 0.03 12 8
4,44 44 44 8.4 200 9.7 219 152 0.013 0.0010.005 0.004 0.001 0.019 0 300 0.019 39.7
4.44 44 8.0 170 7.6 203 954 0.008 0.001 0.029 0.001 <0.001 <0.001 0.91 4 1059 Nd 1

30 44 4.4 44
31 ■$#(#«)) 4.4.4 44 44 7.5 233 10.2 257 180 0.60 0.0010.005 0.027 0.001 0.022 0.21 0.002 61 Nd

4,4.4 44 44 3
32 44

% 44 44 0(
D 44 24
D 44 24 '

33 44 4.4.4,44 24 44 0,
4,4,4,44 24 44

64

34 28)24 ,5)44 44 '

35 4H
44 44 44 4
44 44 44 1,
44 44 *1-^3 "T 7.4 231 7.1 220 39 0.58 <0.001 0.003 <0.001 0.002 0.23 0.085 0.087 12.0

36 44 4,4,4,44,4 24 *H34 7.9 199 7.0 178 220 0.024 <0 001<0005<0 001 <0.001 0.018 0.36 0.054 158.0 1
37 44 44 24 5)44 8.0 209 5.7 164 47 0.08 <0.001 0.007 <0.001 0.001 0.032 0.12 0.004 9.0

44 24 44 01
38 4i(44) 4.44 44 144 44 7.6 181 9.6 380 575 0.072 <0.001 0.054 1.72 <0.001 0.016 0.58 7 535

4.44 44 444444 7.6 222 7.4 327 430 0.056 <0.001 0.009 0.40 <0.001 0.022 0.53 1.05 354
39 24 X* 24 44 6.9 -38 9.0 389 486 1.21 <0.001 0.079 0.26 <0.001 12 0.57 10 397
40 42 4,4,4,4 24 44 o.c

1. 7Sir ^ /#iM ^1 402: #3 11

2. %v)m 7]e^: 47l# #5]T# 4MM ##?]# ^ 22 #3 3
3. S6^ 7le^: 4 302 #3 6

(^# #-& # Sic 2^7)e)

pH: Tr£°l'Er;^5-, Eh(Oxidation Potential):
DO(Dissolved Oxygen): -§-#<^Jb% Turb(Turbidity): ^2,
TDS(Total Dissolved Solid): #-§-#3.^#
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3-4 5 <9=
«1.2941*1^

im-s-

o\>o'
o|»

Cd Pb Zn Cu Fe A1 Mn CN As Cd Pb Zn Cu Fe A1 Mn CN
(me/1) (me/1) (me/1) (me/1) (me/1) (me/1) (me/1) (me/1) (me/ke) (me/ke) (me/ke) (me/ke) (me/ke) (me/ke) (me/ke) (me/ke) (me/kg)
<0<3 <3 <1 >15 >125
0.020 <0.005 1.510 <0.001 0.02 0.03 1.160

0.230 <0.001 <0.005 0.500 0.020 0.07 0 23 0.740 9= 9 *>-4 4
¥ix°p?rwirir)
94

0.150 6 21 4 0 04 1.24 0.450 949
44444*1
34 H»l-£ 432232(34.444 514)
5494 44
44 44 4 994

<0.001 <0.005 0.110 0.320 0.04 0.69 0.100 449
' 0.090 <0.001 <0.005 0.140 0.020 0.04 0.01 0.200 9444 50m 4

949444
44994(4)
44994(4)
449 94 1km
9499 949

0.030 0.0X0 X <0.001 0.02 0.05 7 449
0.020 <0.001 <0.005 0.200 Nd 0.08 0.18 0.470 449944

<0.001 0.010 0.040 2.520 0 020 0.04 0.48 1.100 449944
94 994
49^44
94, holding basin
449 8)44 492.
448)49 944

<0.001 0.029 0.029 0.01 0.015 0.89 0.26 449(94, 424 49)
0.013 0.007 0.094 0.66 0.025 0.11 14 13 449 94 49 9

949 9499
492 3
499 994
929 94 94
9*1)29 44(94. 44 4)
49444 45)944 44

0.16 2.35 43 3 332 14 0 21 449 44 94444 45)9
<0.001 0.019 0.068 0.008 0.013 0.44 0.074 949(92)9 439 2 49). 4444 4

0.118 0.025 0.43 3.37 0.037 437 62 26 9994 429(429)
0.047 0.008 0.23 1.99 0.26 28 27 25 9994 949(49,92)9)

0.20 0.12 37 0.15 26 11 10 49444 45)9(99). 9495)
1.73 1.73 156 0.78 0.43 0.55 12 99444 45)9(99), 9 445)

942y 4(44.119,44 4. ■>144442)
<0.001 0.17 0.130 0.21 42 0.94 0.055 49994 94 (It 32)
<0.001 0.065 0.050 0.19 5.24 1.06 0.034 9939 4 93 9 949(99)

949 4493
4994 423 99 93
99444(44)95)944 93

<0.001 2 0.760 0.084 22 5 1.450 949
394429
992 34 9493
999 4444 44

<0.001 0.045 0.230 0.009 0.01 0.89 1.26 99444 35)9(49), 9445)



Fe(7]e*|: 10mg/1) &4 11 : !l(0.5~214mg/.e), !l(177mg/!),

3Z.!(12mg/1)

Mn(4#4: lOmg/i) &411 : #4 (ll~80mg/i), lJB.(17mg/4 ),

#1 (19mg/ £), #JB.(10.4mg/ -15 )

71b}- Al(4#4 &#) : !l(5~16mg/U !l(28mg/.0

# 11## 4&# #! #1-

!!##4 is}^ ^1# #444 4#! Til 103= #4 4# # «

4 4# #!4#4- 4:574# 444 ##44 117111-5. #

# ###4 541 44^-.

# #4 #5 ## ## : As(0.05 mg/£) # 41(CN)4#4 4#

# #111 ## 4# : As(0.08 mg/4)

# 1111 1144# §>«- 4# : As(0.58mg/ i)

# 1#11 41 ###- pH7> 4.6A5. #444 H4Hr 214^ 44 # 

15 44431 Pb(0.17mg/4 )7> !#444. 1#11 t#4 4-##o]

144 4-153. 541 # 14-8: ### 1# 444 44# #4111 

4^4 444 4# 453. 4444.

5-1-2 44471 #(14 4)

4- :s.aL444 1141 1444#44 11444-444 114 41 1 

s# 314#154 11# 14 144 44#54 441 141.

# #414: 44# 441 44# ##411 4#

# #414: 44# 441 #41#! #14# 4=314 22 11 34 

4 #4 4- 45

# 14 4 #4# &4# 11414# 44 11!

As(4#4: 1.5 mg/1) : #4(16 mg/U l!(47mg/U l#(6mg/!),
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-8r*}(3m/£)

Cu(7l 3mg/S>) : 7\ S(13mg/ i), 444(3.7mg/ 4)

Cd(7] : 0.3mg/1) : 4#(0.5mg/ £), £-4 (1.73mg/ £), 24 (0.4mgZ i)

5-1-3 ## 4# £4

# 4444 7ie

# 4*34 *fl 30 2 II 6 (%:##

71444 tils

# #44# As(7Htil]Til# 7ie^l: 15mg/kg4#) ^ Cu(«

711# 444 = 125mg/kg4#)4 ### 444 »1#S. 44^4. ##4#

5.44 tfl# 4444- ## 3445 4-B-4- #$14. 

Cd«0.001~0.28mg/kg)

Cu«0.001 ~3mg/kg)

As(0.001 ~0.27mg/kg)

Pb(0.005—llmg/kg)

# SA}4 7i4SA>S.Al 4&44 44 ^ 44

444 444 4 44 4#4 444 #44 44 7> # #45
4*5#.

5-2 W SS401I 4ii ^x( qjaj

5-2-1 443114 4 ##4 4# 44

# M&tK, As, Cd, Pb, Zn, Cu, Fe, AL 4 Mn 4 44445. 44# 

4# 3114
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4M M#)

5-2-2 ±^] €44#

• 4 €#€(44514, i-^-s)ti], €€44 ^ ^s), -f# ^ 444# 

4## ^x}7\ ##€ #4 €#4f# 4# # 4" €# 7>^4 4^

# 43M-#4#(a 5-2)

pH ##,

Zn, Cd, Cu, Fe ^ Al# ^#4 4## 1# €4 f- u<Hf-4= 4^€4e4 

4#& 4W

5-2-3 4^€-2.€

# e#^# ,### €44#44"3. f4 ^ e# s#^## #4# 

71 4# ##4 #€4 €# 44 :
- €€44" ## 7H^1 4#4 #€## €444 €€44"# €44 

2& €# ^ 4 #4 4 €#4€(2€ 5-1)

1. €4"4(€444" €4", 444 €€, €44- ^ €€4-)
2. #44 ^44(4444+## :£#€, pH ## € As, Cd, Pb, 

Zn, Cu, Fe, A1 ^M)

3. 2714 2@M(€€# XIM, TDS 7)171)

4. #4€(f##€ 71171)

5. €#

e €#244 €44 2444 €€44" -fi-3-€€# 244 44"€4 € 

4"€4 4f €2# €4 €4" 4 25. 244 €44 444# 2.37} £ 
4€ "t. (2# 5-2 ^ 2# 5-3)
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S. 5-2 ^ -t-tS] ^^2

W ^s.
(mg/ i) (%)

4HH==fzl
7ie(mg/£) 7ie^i

pH 3
7.54

w
7.4

5-9 i°i #4
7.30

Zn 16
0.461

0.4 98 5 lHH]'MS]ti]+-f"xr
0.423

Cd 0.237
tH'^Sjtil+"T"^" 0.012

0.01 96 0.1 in
0.017

Cu 3.516
0.124

0.1 97 3 m01 ^s) til
0.091

Fe 90
til^^til +-7-37 0.563

1 99 10 mtij-$}-§l yl+-T'^- 
+-*)£]-*) 2.134

A1 4.675
ti]^5)y)+-f"T 0.011

0.02 99.5 %-g- in -ti]^s)til+^
0.026
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1: The Holding Pond with Limestone Aggregates 
2: The Anoxic Wet land(SRB Wetland)
3: The Oxic Wetland 
4: The Settling Pond
5: The Mine Facilities of the Active or Abandoned Mines 0 
6: The Mine Drainage
7: The Flow Direction within Treatment System

5-1. >#7}]£<*11 3## <*!-§-# £@)^1 711 ^

£@1^1, M*1 ^s) f till ten %

A>^1^ A>£ ^##4 £ A)£^»l

Z



I -;

: <.v,
1

\ Y-
O)

v /

#
:t* ■

1: Acid Mine Drainage 
2: Series of the Anoxic Wetland 

with the Mushroom Compost 
3: Flow Control Valve

Outflows

Top

Bottom

=l$ 5-2. asqaM ^1^ -S-3.W (4#4)



1: Acid Mine Drainage 
2: The Anoxic Wetland 
3: Flow Control Valve ■

5-3. -n-5-W (^#4)



5-3 4433# £444

5-3-1 333 #33

@ 3333# £33

- Ws. 333 : 43 333(3433 3 313) 1441 33 41)
- 43 14 : 43 M (#133)

- 3434 : 4343, 3341(3 £33, 44, £1344)
-4434 : 33435 %1# 333 345 44441(3133)

© 44114 34 31 4 #4 -> 41 41(3333)
© ^^tKAs, Cu, Cd 1 Pb) 4# -+ 444, 4l£4 ^ S# £3

7>41

5-3-2 3333# £333

@ 4533, 3£ i£ 1-1 ^ 3£43 #1 3#£5 34#4 3434 

3711 (4344)

Q Liner System 13

5-4 £l=£l 43 33

© 3 33 433 544 44 711323 ^ 4444 44 44# «# 
44 3 4 14 4£ 33£5 £13 £44 t°J tr &&4.

© n34 £33 £3=4 44 443144 344 ?H4 33 44312 
3&34 43 92 4444(44 mtm 43)3 444 £3= ^3 4# 

4= 43=4 h3 131 4= 34.
© 3341 £4£l# 44 7>1 4 £41 444 44343 413 4 

14 3442. 43 441:34 443 4433#3 444 4344 
4££ 4433 4343 £13 £3=3 31€ 14 £3=^113(Soil 
Washing)# £35. 413#4 433 34, £3#34 4 71413 4 
334.
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*ii 6 s

1. &43 41341 1 40711 €A4 4# 24443411 411 414 
433 343€33 ^7} 4444 4F • 4 • 7H3433A5. 334 
t# 3 $)2 314 224337} 13 43 333 334 3 €44 
^711# ###4%4. 444 4# 34#4 3444# 4444 33 7H 
4 € 231 44 7is.4s.l- 41431 S4 Ms 14 3444 43 
A€1 #4 1 $11 441 4443171- l <a^4 ^*3334.

1 414 33A€ 14 24 3 34 44 314 1A 441 #(7<§ 
1 3 4#1), 344 711(444) 5 34 1€3 11 s44€3.

2. 34731, 343 111(411) ^ 3414 4114 44^1

• €344 pH(124142), Eh(444€34), TDS(H13l€1), 3 
432S, 32, 11423 3 11 11 #34€3.
• 4444 As, Cd, Pb, Zn, Cu, Fe, Al, Mn, S042" 3 CN 1 3471113 
3341 4111 is 44 4414 4 $13.

3. 7g<r g 3111 IS Cd, Zn, Cu, Fe, Mn ^ All4 H1A5. A3 4 
4 $12 €1 3441 € 3111 pH7> 3—4 324 44 41 €4. 43 
233 1343 233 4414 4 402 €£ 114 7114# 2344 
1A 34414 313 33.

1434 7^6)13 PH(3.4—3.6)4 44 4 #2 Cd(0.2mg/£ ~0.3mg/U 

Zn(19mgZ l — 20mg/ £), Cu(5mg/ i —20mg/ £ ), Fe(0.5mg/ £ —214mg/£ ), Mn(ll 

—80mg/i) ^ Al(5—16mg/1)!4 444 44 A€€ 41 €3.

€334 73is] 13 24! 1434 41 133 144 #31 4 

43. pH(2.7~4.3)7> V£! 44 41S Cd(0.19mg/ i), Zn(15mg/^), Cu(19 

mg/£ ), Fe(177mg/i ) ^ Al(28rag/£ )1A2 A3€ 41€3.
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4=## #4 ## S# 44 4=rS(pH: 4.9) Pb(3mg/^) ^ Zn(23mg/ 

£)AS A43)4 $14.

#4 #4 2## ###4 44 #4 4#4"4 pH7> 3.6-4.03) 4# 
4 #5. Zn(llmg/.e)S A43)&4.

7)4 4^4"4 #444 #2(Mn: 10.4mg/^, As: 1.21mg/£), 42(Zn: 

35mg/£, Mn: 11m/i), 44(Cu: 9mg/ i\- 3L^(Fe: 12mg/£), #4(4 

BflXAs: 0.6mg/£) 4 #4(Mn: 19mg/.e)#4 #3) ?3##A #4##4 4 

#€ 444"# 4# 47)2. 444.

4. 44 #4. 4 5.4"3) #42.4 44, #5. 444"# A 4 4 7]#
44AS- As(###4 44 44: 0.O8 mg/i, 4444 #444# 2## 
4# 44: 0.58mg/i, 4444 444^ 4# 44: 0.05 mg/^)44A 4 
444 #4 4444 44°) 4# 4%4. 44 4##4 44 4#44 
pH7> 4.6AS 4444" 244" 44 #42 444A4 Pb(0.17mg/1 )7> 4 
#4^4. 4#44 4#43) 24# 4##4 44H 444 4F- 44# 
44"4 444 3)44.

5. #447)## 4444 # 4444 #4#44 44(44)4 44#s4 
44# 444 44# ##444 4#4 ^44 4W4 3)$4.

#4 (As: 16 mg/ ^), #4 (As: 47mg/U #4 (As: 6mg/U #4 (As: 3mg/ 

i, Cd: 1.73mg/^), 42(Cu= lSrag/l), ###(Cu: 3.7mg/l), ##(Cd: 0.5 

mg/4) 4 %4(Cd: 0.4mg/£)#44 44(44)4 44:44##4 44# 

#44 #4#4 4#4# 4*3#4. 22 44 33) 4e4» 2# 4-# 4 

AS #4 4 $14.

6. #4: #4 S## #444#4 #43)4 #4 7>#44 $1a 24 #44 
4"7} #43)4 £## 44as #424 #4444(S#4) 4#AS 4
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4 88*4 888.

#€#€ £-8=4 4# #4 €8 8# 88* Cd«0.001~0.28mg/kg), 

Cu«0.001~3mg/kg), As(0.001~0.27mg/kg), Pb(0.005~llmg/kg)*8 834 

84£#8 #*84£#8 444 4 30 3 IS 6 (*€* 44 48) 
7] #4 4 As(15mg/kg8#) ^ Cu(125mg/kg8€)8 &# 8* £#

4 3* 8884 £88.

€8 # £#38 €8 3€* 7l]*2A}^ *8#€44 3# 4&4 
4] 44 8 *4848(*4 *4 #8) 844 444 s^f *€* 8#
# a.4 #8 435. 84 £# 4sl4 4% 4&#8 43 ^ 47>4 o]
* #*8 34 48 € 444.

7. **4 "444 4# #€4# 4 4#4= 44 4#(8* 344)* ;H# 

44 44 €448* 484.
€1 44 4444, **(#m ^ 444# #44 4#S7> 444# 

* 2444 44 #4 483 44 Zn(4W*: 98%), Cd(96%), Cu(97%), 

Fe(99%) ^ Al(99.5%)*8 #€4#8 # 38444 18 444 4## 

#4 4 #4 44& 41714 84. 44-4 4 2=4 44 444 444-4, 4 
4-4-4 ^ 444-44- 4-4 4441#* 44 344 444 44 44 7> 

#4* 48 484.

44#4 #4 8 £438 44* 44 444# 4# 7fl^4 844 
344 (4 44 4+#*+4 84 344) 4444* 4444 pH *8 ^ 

As, Cd, Pb, Zn, Cu, Fe, Al* 444-3 344 344(48* 44, TDS

44) #4* 44 84444 *#** 4483 4-* 44* **8 * 

84 €44# 44 438* **** €#€ #€€44# 484835. 

4 8834 €4.

8. #€44* 44# *4435. 4*3 #4#8 4* #4#8 844
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(Slope Stability)(€*€€ €3131 4444 €4)€ 7>4 *31422 €€ 

4$^4. 44 444 44, 44€44 7>€ #44(4= *4€€) €€314 

#4 *€€4. 44444 4-f, 4444, €€#€(42€€, 44, &€ 

444)3. €4*22 4442. $14. 314444 44, 3144 31* 44 

7> 4444 444 443 €€* 4*94713 €4(4444). 444 # 

344, 44 S #4 €44* *31 443] 4 *4 €** 44 #2*4 

3* 4 €47} 2444

€€3|7l##€ 444*4 €*3 4# €4 €#*7} €444 (44 

€€) *4 7M4€€ *2(4 • €*)€€ 444 4*444 443144 

444 YeUowboy€4°l 4#€4. €4€ 44314# €4422 *4 % 
€ 4*4 *€(€€€*4 €444) 44# 4€ *3444 €31 €2 

22 #4 ^ €244 *4* €*€ 4€ 4#4 *€ 44# €€44

7l 4 (Cover System) 2 7H 4€ € 4 € 4€4

9. €4 4€ 444 344 31 € 711*2a} ^ €€*4 44 *€* 3M# 

31 € € 4 4* 42 €€22 244 24* 44 € 4 §144. 24# 

2A}€ 24* *4 4*4444 444 7fl* €4 *#€42 42314 

44 ^ *€€4(*€ KA# 44 )€ 444 s4€4 4*4 €4* 2 

31 444 4 44.

€€*€ 2424* 4# 7}€ 71444 4A1* 24 24##4€(4 

4)4 €€3171# 4444 €€314 *#7H22 #4 s424€ €€€ 

22 €€3144 *44 *4* €€€2 *4 #31 #4€ €*€ €€31 

4 #4 *€* €4314 € 4€4. 444 44431 244 24€ €4€ 

44 242 447l#(€ 24314 4*#)* 7H€4€ 24*4 24*4 

* 314314 € 4€4.
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