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Study on Laboratory Experiment for Arsenic
Removal Efficiency of Acid Rock Drainage

at the Goro Abandoned Mine

Woon-ju Jeong
Department of Applied Geology, Graduate School
Pukyong National University

Abstract

The purpose of this study is to evaluate a lahoratory experiment on
arsenic  removal  efficiency  for ARD(Acid Rock Drainage) using
limestone and apatite, and to design an oxic limestone drainage and an
apatite drain system for AMD at the Goro abandoned mine. As a
result of the laboratory experiment, pH, arsenic removal ratio are
inversely  proportional to flow reates, and apatite removes 1009% of
arsenic at 0.6ml/min/kg flow rate. The arsenic compounds are assumed
to be CallAsS0y, Johnbauminite, and/or Ca-arsenic hydrate, According
to the results of the laboratory experiment. The welght of limestone
needed to fill adit is 50 ton resulted from evaluating the laboratory
experiment. Apatite drain svstem is designed as follows; Sty two

tons of apatite will he needed per one vear and six months, and

...iv_



precipitates will be deposited at a depth of 50cm in the precipitation
pond per 6 months. Detailed monitoring plan will be needed for
suttable reclamation design at least for one vyear before the apatite

drainage system will be constructed.
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Table 1. Geologic sequence of study area(Korea Institute of Materials).

Quaternary

Cretaceous

Alluvium

-~ Unconformity -~

Acidic & intermediate hypabyssal rocks
quartz monzonite, diorite, and
granodiorite

- Intrusion - - -
Acidic volcanoc rocks

- - - unconformity - - - -

Intermediate and basic volcanic rocks

unconformity -

Sinyvangdong Formation —

Chunsan Formation

Bulguksa
Intrusive
Group

Yucheon
] Volcanic
Group

Sagok Formation Havang Group

Jeomgok Formation

|

Gugyedong Formation
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Table 2. Results of production at Goro abandoned mine(Korea

Resources co.)

Production -
Year| Pb Grade | | Grade
(M/T) (M/T)
1965 27 | Phx60%, Ag Unknown 40 Znt45%, Ag Unknown
1966 19 | PhL60%, Ag Unknown | 28 Znx50%, Ag Unknown
1967, 253 | Pb170%, Ag+2500g/t | 160 | Zn®50%, Ag Unknown
509 Pb:70.39%, Ag 2,761g/t{ 285 |Zn2523%, Ag Unknown

1968

._10...
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0.00 0.01mm 0 02

Fig. 3. Microphotograph showing munerals in wasted rock

(Chot and Lec, 2002),

(1: Arsenopyrite, AsFeS, 2 Chalcopyrite, CuFeSz, 3: Sphalerite, ZnS

41 Galena, PbS, 5 Pyrite, Feby)
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Tuble 3. The result of soil contamination analysis{mg/kg)

(Gunwi gun, 1998)

Item ] - -
‘ pH | Cd | Cu | As | Hg ! Pb | G | Fe | 7n
{.ocatio : :
Lo 12 2001 20 | 16 | 400 | 12
B (300 | (5000 | (50) | (40) |(1000) (30)
Pailing 4o o |y 390 ' 5130 191750 0.0450 3500 - - 194500
pond 1
Ta‘h“?” 39 | 0675 | 3.485 872.50(0.0290] 31.61 | - - |54.445
pond 2
Tailing ) e loe below below
pond 3| 03| 0650 (2307 2433 |1 L1451 | 9542

Table 4. Heavy metal concentration above soil contamination limits

(Ministry of Environment, 1998},

Samol . Denht Item(mg/kg)
vampling site v Cd | Cu | As | Hg | Pb |Cr"| CN
Limit 12 200 20 16 400 | 12§ 120
A (30) | (5000 | (50) | (40) | €1000) | (30)!(300)
e Top solil - - - - - -
INailing pond,(% beurface
1 o :gi] Y 44.091 8320 [113.45| 1.19 |4610.00{0.71| ND
. | Top soil - - -
ailing pond gub%urface
2 . ;oil 178561149601 81.09 | 1.35 [4540.00/0.53| ND
Tailing pond‘ ‘IQR soil - - = -
. Subsurface .
3 <ol 24.04176.001557.52) ND 4325.99(0.41| ND

_16_



Fulel pHE 38~5302 A4S Jeguld, =5 0675~1.320
mg/kg, "¢ 2307~5130 mg/kg, YA 2433~9175 me/ke, F2 0.045
mg/kgol 3k, ¥ 1451~35.09 mg/kg, 67F 28 0007 mg/kg ©)5, o}<l
94 mg/kg olst= vl wEla] JAE g FE olake] odn
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ol W Al MAY F HEF el Yt LPARE BT A
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Table 5. The result of soil contamination analysis (unit | mg/kg)
Location |depth(m)| Cd | Cu. | Pb |Hg Cr | As | pH
WOSP 1 | 001 | 400 | 53245 13547.00 nd | 0.65|170.00 541
WOSP 2 | 0-0.1 | 864 | 69212 3088255 n.d |0.78 |105.00] 5.17

CWOSP 3 001 | 552 | 47140 2614025 nd |0.76 | 52.00 | 5.24
WOSP 4 0 0.1 | 1349 | 297.11 |39.05835| nd | 1.85 ] 15.00 | 5.37

C WOSP5 | 001 [199 | 567 | 34117 |nd |083] 030 | 6.36

| WOSP 6 | 0-0.1 | 3241 4687 |1082550| nd |1.93) 010 | 538

%%82;0” 0.1-04 | 029 | 158 | 8864 |nd|155] 0.60 567

T”&,gﬁf“ 04-12 | 007 | 117 | 1644 | nd|1.37] 1.05 | 583

TP 11 001 | 023 | 146 | 5864 | nd|102] 225 | 589
TP 1-2 {0103 021 | 125 | 1843  nd 086 17.00 601
TP 12 10306 020 | 119 | 1775 | nd | 0.85|390.00] 602
TP 1-4 | 06-10 1858 | 5056 | 1836.30 nd | 2.04]155.00! 5.80
TP 3-1 | 00-01 | 189 | 1233 | 1512 | nd 106 460 |254
TP 32 [ 0103 337 | 78 | 1493 | nd {1.10]25500| 3.99
TP 33 0306 189 | 339 | 1485 | nd|149 3250 457
TP 34 0610 | 1160 | 2624 | 27860 | nd |1.65] 960 | 453
TP 41 | 001 | 091 | 402 | 7993 |nd|089 070 |528]
TP 4-2 | 0103 | 029 | 310 | 7915 | nd|082] 535 | 559
TP A3 | 0306 | 172 | 455 | 19209 | nd |075]86.00 | 577
TP 44 | 06-1.0 | 009 | 096 | 1392  nd|060| 165 |597
TP 4-5 10 16 1 23.35 735‘] 1683 20 | nd 1058 1.25 (652
TP 51 | 0001 030 | 030 4968 | nd 061] 005 | 697
TP52 10103 018 | 018 1645 | nd 067 375 712
TP 53 0306 006 | 08 | 1096  nd |068]1350 699

+*WOS: \/Vdated ore stock pile, =TI Tailing pond
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Table 6. The result of water quality at abandoned mine(Heavy metal,

(Gunwi gun, 1998) (unit: mg/L)

Item Mine water 1 Inlet of mine *I:‘ailing'p'end i Limit

oH 6.4 67 6.1 65 - 85
As 0018 0.011 8.923 <005

Cu 00 0.0 0616 -

cd 0.005 00 0223 <001

Pb | 012 00 | 1059 < 0.10

10
8
S 6
£
4
2
0¥ -
AS -
Cd Pb E11998
m2002
Heavy Metal

Fig. 6. Comparison of hecavy metal concentration in the tailing pond in

1998 and 200%.

- 22 -



Table 7. Analytical resull of water quality (unit! mg/L)

Limit date mine do-WnStrg’ani downstream
_ _ water | from mine |from tailing pond
02-5-30 75 7.1 6.7
027 10 76 7.0 7.1
pH 02-7-26 - 7.3 -
65 ~ 85 02-8-12 7.4 -
03 1-21 - - 6.3
~03-2-28 7.6 : 0.6
L 02-5-30 0.018 0011 0.008
02-7-10 0.015 0.011 0045
As 02-7-26 0.024 -
(<< 0.05) - 02-8-12 - 0.006 -
03-1 21 - - 0.174
03-2-28 0.011 - (.099
02-5-30 0.044 0.017 0.070
02710 0.046 (.010 0.017
Cd 02-7-26 ~ 0.008 B :
(< 0.01} 02-8-12 - 0.001 - ]
03-1-21 - - nd
] 03 228 n.d I nd
02-5-30 n.d n.d n.d
02-7-10 n.d n.d n.d
Ph 02 7-26 - 0.002 :
(< 0.1 02 812 - {.005 -
- 03-1-21 - - n.d i
03-2-28 0018 - 0.026
0Z2-5-30 nd n.d nd
02-7-10 nd n.d n.d
Hg 02-7-26 - (2.003 -
(Not detectable)| 02 8-12 - nd
03-1-21 - -
. 03-2-28 - -
02-5 30 n.d n.d ~nd
02-7-10 n.d n.d n.d
Cr” 02-7-26 - 0.002 -
(helow 0.05) i - 02-8-12 - 0.001 o
03121 - - n.d
03-2-28 n.d - n.d

- 23 -
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| =-26/Jul./2002 - 12/Aug./2002
0.025 | o
0.02

0.015 |

As Cu Cd Pb Cr

Fig. 8. Water quality fluctuation for same sampling point(200m
downstream from main adit, collected at 26/Jul./2002 and
12/Aug./2002).
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Fig. 9. Rain fall distribution from 26/Jul./2002 and 12/Aug./2002.
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=21/Jan./2003 -+ 28/Feb./2003
0.2
0.15
0.1
0.05

mg/l

As Cu Cd Pb

Fig. 10. Water quality fluctuation for same sampling point
(downstream from tailing pond) collected at 21/Jan. /2003 and

28/Feb./2003,
30
E 25
E 20
T 15
c 10 ’
o} 5 i
o O ‘ o ﬂ[[ HH {1 , Aﬂ_ﬂ;_
A A A A 0 0
A9 AW AN AN Q/\\ Q/\Q’
ol % @ p® @O a0
Date

Fig. 1. Rain fall distribution from 1/Jan./2003 to 28/Feb./2003.
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Fig. 13, Rain fall distribution from 1/Jul./2003 to 31/Aug./2003.
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Table 8 Analytical result of surface water quality

Sampling | 15/Jul /2003 B
site | pH  [Temp(" O] BRRmV) | DO(meg/L) [EC{  S/cm)
HBW-1 | 583 11.3 176 6.17 3456
| HBW-2 | 501 46 | 1404 569 36.4
HBW-3 | 597 | 148 153.] 6.17 46.1
HBW-4 | 579 158 167.3 475 53.1
HBW-5 | 6.23 165 146.3 562 | 524
HBW-6 | 611 15.9 1422 587 46.7
 HBW-7 5.9 156 1586 6.0 46.4
HBW-9 | 617 16.3 153.9 489 4523
HBW-14 | 632 172 1772 54 68.9
HBW 15 621 | 16 1341 | 485 | 1s21
[ HBW 16 | 619 | 181 1667 | 567 78.9
Sampling 13/Aug./2003
site pH  Temp.(" C)] ERmV) | DO(mig/L) [EC( z S/em)
HBW -1 5.88 10.7 1425 6.34 3337 |
HBW-2 | 552 | 167 1995 5.16 5.8
CHBW-3 | 579 | 174 1356 501 99.3
CHBW-4 | 597 | 19 1261 | 468 101.8
| HBW -5 | 595 189 | 1118 5.12 104
| HBW-6 5.96 17 | 1528 55 59.9
HBW-7 | 6.8 17.8 1675 469 76.5
HBW 9 6.16 188 | 987 482 | 733
HBW-14 0.05 199 91.7 0.21 147.7
HBW 15| 602 | 178 | 10425 | 362 2691
HBW- 16 |  6.18 205 | 1442 4.36 142.7
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Table 9. Analytical result of surface water quality(Heavy mectal)

Sampling] 15/Jul./2008 (unit: mg/h

site. | Al |Cr| Mol Fe| Cu | Zn | As | Cd | Pb
HBW-1| nd 002[0275 005 | nd |2982] 0.009 | 0.03 | nd
HBW-2 | 045 (007! nd | 016 nd | 0362 | nd | 0003 | nd
HBW-3 | 041 (0031 0007|014 nd |0403| nd |0004 | nd
HBW-4 | 06 ]0.030005]021 | nd | 039 | 0006 | 0003 | nd
HBW-5| 0.7 1005|0005 024 nd | 0416 | 0.008 | 0.004 | nd
HBW 6| 039 [003] nd | 012 | nd |0134| nd | nd | nd
HBW-7 | 057 [0.06] nd | 018 | nd | 0227 | 0005 | 0002 | nd
HBW 9| 1.87 {007 0005|061 | nd |0005| nd | nd | nd
HBW-14] 0.38 [004]0.019 | 012 | nd | 0397 | 0007 | 0.003 | nd
HBW-15| 0.09 [0.03] 0635 | 006 | nd | 047 | 0093 | 0.004 | n.d
HBW-16] 0.48 [005| 0017 | 0.16 | nd | 0244 | 0015 | 0.002 | nd
Sampling ' 13/Aug./2003 (unit: mg/D) _

site. | Al [ Cr|Mn | Fe| Cu | Zn | As | Cd | Pb
HBW-1| nd 0020028 0.1 | nd | 3208 | 0.023 | 0.041 | nd
HBW 2| 025 [003] nd | 0.1 | od | 045 | 0006 | 0.004 | nd
HBW-3 | 0.14 1002|0006 | 007 | nd | 0819 ] 0.007 | 0.008 | nd |
HBW 4| 007 1002| nd | nd | nd | 078 0009 | 0008 | nd
HBW-5 | 0.04 {002 nd | nd | nd | 0757 | 0015 | 0.007 | nd
HBW 6| 003 002 nd | nd | nd 0154] 0 |0002| nd |
HBW 7 002 [002] nd | nd | nd | 0712 | 0016 | 0.007 | nd
HBW-0 [ 015 [002) nd 015 nd  0007| nd | nd | nd
HBW 14| nd 002] 0071 nd | nd | 089 | 0032 | 0005 | nd
HBW 15| nd |[002]0934] 005 nd | 063 | 0109 | 0004 | nd
HBW-16] nd 002] nd | 002 | nd | 0253 | 0038 | 0002 | nd

#n.d: not detected
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Table 10.

Analytical result of surface water quality(cation and anion)

Sampling, . _ - 15/Jul/2008 (unit: mg/1) _

site. | Ca” Mg "|Na' | K | Siy | NH, " |HOOs | Br' | 0 [0, [woy
HBW -1 1508 7.70 [6.40| 1.10 | 4.80 | 0.01 | 59.90 | nd | 2.00 125.00! 0.89
HBW-2 |2.41 | 0.90 [340| 040|670 | 001 | 700 |nd] 200 | 800 | nd
| HBW 3 1354| 1.00 1350]0.40]6.70 | 0.01 | 1220 | nd | 2.00 | 13.00! nd
HBW 4 291 1.00 [380]0501690| nd | 980 |nd| 2.00 ] 10.00 | nd
HBW-5 283|090 (3001040 670 nd | 980 |nd| 2.00 | 10.00 | nd |
HBW-6 | 183 0.70 1310 040 | 670 | nd | 890 |nd| 200 | 600 |044]
HBW-7 | 241 | 090 [340/ 040|640 nd | 1020 | nd]| 200 | 800 | 0.44]
HBW-9 | 207 | 1.00 |5.2010.30 |10.60] nd | 980 |nd|2.00] 6.00 | nd
HBW 14, 470|140 [3.70) 040|680 | nd | 1220 | nd | 2.00 | 17.00 | 0.44]
HBW-15/3.32 | 280 [440]110|7.00| nd | 2440 |nd]| 2.00 |6400] nd |
HBW 16]528| 160 [390]070|7.00| nd | 980 |nd! 200 | 1900 3.10
Sampling  13/Aug./2003 (unit: mg/)

site  |Ca® "|[Mg? | Na'| K' | Sis "| NH, * 'HOO, |Br | I [S0,2" NOy-
HBW-1 1872 7.00 15501 1.05] 3.90 | 0.01 | 4380 | n.d | 2.00 |122.00 0.89
HBW 2 | 278 | 1.10 |3.90]0.39 | 640 | 0.01 | 1220 | nd | 200 | 900 | 0.44
| HBW-3[6.26 | 1.90 420049 720 nd | 1950 |nd | 200 | 23.00 | 0.44
HBW-4 645 | 2.00 |430]0.48 670 | 0.02 | 1950 | nd | 200 | 23.00 | 0.44
HBW 5 624 200 1430/ 050|670 | 0.01 | 17.10 | nd | 200 | 22.00 | 0.44
HBVV;(ﬁ 2.99 i.lO 4001034 | 7.10 | 0.01 1220 | nd | 200 {10.0011.33
HBW-7 1632 210 [430[050]620 | nd |17.10 [nd | 200 | 2200 0.44
HBW-9 | 232| 1.80 [6.40]0.48 [10.00| 0.02 | 2440 | n.d|3.00 | 400 | 0.44
HBW -14/1057) 2.70 470 060|630 | 0.01 | 2200 | nd | 2.00 | 40.00 | 0.44
HBW 15]7.53| 3.90 (490 110|670 | nd | 3660 |nd| 2.00 | 81.00] 044
HBW-16) 948 | 290 [5.00 1.30| 660 | nd 1950 |nd | 200 3400 2.66

in.d: not detected
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Table 11. Analytical result of ground water quality

Sampling | 16/Jul /2003 (unit: m3g:/1?)_:
site pH  [Temp.(" ©) Eh(RmV) |DO(mg/L)| EC( 4 S/cm)
OW-1 591 149 1793 316 116.1
oW 2 | 589 136 212 433 4479
COW-3 5.86 12.8 40.7 4.41 648
OW 4 | 584 145 86.5 2.43 3796
OW-5 5.35 15.1 250 4.06 369.1
Sampling | 13/Aug /2003 (unit: mg/)
site pH  [Temp.C C) EnBmV) |DO(mg/L)| EC( s S/em)
OW-1 6.00 227 110 360 1284
OW-2 585 | 136 230 486 573
OW-3 608 | 138 454 458 548
OW 4 | 603 16.3 834 2.6 434.4
OW-5 581 159 225 352 3976
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Table 12. Analytical result of ground water quality(heavy metal)

Sampling - 15/Jul/2003 (unit: mg/)
site | Al | Cr |[Man| Fe | Cu | Zn | As | Cd | Pb
OW-1 0.02 | 0.05 |0.019] nd nd 2617 nd n.d n.d

OW-2 | nd | 002 |0963| 008 | nd |2313| nd | 0012 | nd

OW 3 nd | 002|131 013 nd | 366 0187 | 0004  nd
COW 4 nd | 002 049| 006 | nd | 7522 0016 | nd | nd
OW 5 | nd | 004 0897 005 | nd 3374 nd | 0021 | nd
Sampling 13/Aug/2003 (unit: mg/1) .
site | Al | Cr |[Mn{ Fe | Cu | Zn | As | ¢d | Pb
OW-1 | nd | 0020025 nd | nd 1055 nd | nd | nd

OW-2 | nd | 002 10.902] 013 | nd |1468] 0.007 | 0.008 | nd

OW-3 ' nd | 002 0839, 014 | nd |1758] 0.148 | 0.002 | nd
OW- 4 ' nd | 002 |3.421] 0.1 nd | 388 | 0.051 n.d n.d

OW-5 | nd | 002 0331 nd nd | 1.763} 0.015 [ 0.009 | nd

*1.d. not detected
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Table 13. Analytical result of ground water quality(cation and anion)

15/Jul/2003 (umit: mg/1)

NH, -

Samplin — :
g site’ [Ca® "Mg® |Na'| K Sy 7, [HCOs |Br | CI |80, 2 7 NOy

OW 1 1553 2.40 [5.10[0.80 2.20 | 0.84 | 22,00 nd|400] 17.00 | 0.44
OW -2 155.89] 13.60(8.40|1.50] 9.80 | nd | 26.80 |n.d|4.00] 262.00 | 0.89
OW 3 [86.91]20.90/9.60{180]12.30) nd | 61.00 |0.06] 400 | 382.00 | 1.33
OW-4 2270 670 15.302.40| 800 | n.d | 5120 |n.d|3.00] 14600 | nd
OW-5 143.67) 7.80 15.30(2.1012.70/0.012] 9.80 |n.d|2.00] 207.00] nd
Samplin’ - 13/Aug /2003 '(umj-t; mg/1)
g site Ca® "Mg? 1Na'| K Sis NEL HCO; -

Brj CI" |SO;s * | NOs

OW-1 5231230 1440[(0.65| 5.00 | 0.01 { 34.20 |nd;3.00| 16.00 | 0.44

OW 2 [27.83118.3019.501.50]59.80 0.05 | 34.20 [nd| 4.00 | 306.00] 1.33

OW-3 5'1.57 16.60:8.40(1.40111.30{ 0.06 . 58.60 |n.d|3.00| 271.00 | 0.89

w1
=

OW -4 13013 6.60 [5.4012.401 9.90 | 0.01 | 70.80 |nd|2.00] 169.00 | 0.44
OW 5 |31.95 8.50

240114300 nd | 36.60 |nd|3.00 176.00| 0.44

o1
o]
=

*n.d: not detected
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Piper diagram for Ground water
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Fig. 15. Piper Diagram for ground water(@: collected at 15/Jul./2003,
1 : collected at 13/Aug./2003)
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B WEg  ukgo olgf  MMAA  (monomethylarsonic  or
monomethylarsonous acid), DMAA (dimethylarsinic or dimethvlarsinous
acid)s ¢l F7/1E =2 vehvr|s gk ey, Fake] 2se vlie
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hvdroxysulfatesie] &5aA @A = v oo} Agtd vl FHer w4 4

Efe 4 vHCarlson et al., 2002).
33. W& 9 wAsFEY =4 o

B2 72 SEAAE AHSEy, FabfE w g, g Al
ARE wols] fle AbSET o Slelw ], A Aglel o] H v of
gl fajol=o] gabE el Eelm Al QA gl g o
SH FARE M2 wEFE AWds SRASAAN Agoe ok A}
ool oy Holo] #elmel s B 2o A5 &4 MAA wm gt A
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= iy
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of dEl2 wpd gt wae wEFAE 02mg/m’E,

Foll A Absts 7] g el A A A alElel vE 4 A (AsHY)E B4 o)
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3
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sl of R 2 ARolN ohuld, el BA4S A= Adstu W
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HRl vl Ay e 238 (As233),

-
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ez pH 4 olalelq ojEH oz

= A 32l cHRobins, 1992). &
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stol geli= 100M) oy o wrebd 4 ri(zr) gl pH 2 o ol A
v W FESHincongruent) BEA S mo wo

(ferrohyerite; FexOs - 2HO)E WA g}, o] H5seo w)
b etel wdelis HAe i ZAY ¢ 9lAuk 37k ujaky & B
TR e el pH #HAelA gyaer
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et al, 1997).

T4 ppb FEY AW ¥ A2 A8 98 Aavjezdre o

Hlcoagulation), A5} (softening), LFvj} ¥ B 3 Solewsh

ek Sol AYE o)gsn glonw FHY(AA2E, BALTH
T olg T SAREelt £3 A/AFuE Aol o LHUSo)
G&Mer vrhdtkHering et al, 1997), o2& Aol A A1f7]8 2
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AEEC FEZ T A E o) 83 7Rl 40 AstdA e e E s
- s g b R S kSl gloj A m F o v Fbe) w4l
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A o BEs F2 5 AW 1HE AT avEe Are va
ofth =4 ppb £E) MAE A A 2, dg 2y
W adE FA feld wal SR Be 9uE o g3ty 9oy
EHAULRAE, GALT0NE $)S o8 LN} By

dehEel L3 FaAwigo] Egdolth mok M EA Hrly Zéolul Al
BiCaHAsON & BAs A, 2wk abdol  2abe]  wared ol ] Al
(arsenite apatite; Cas(AsO:0H(Johnbaumite) i 2] A Eke
(Ca-arsenite hydrate:  Cai(OH)x(AsOy): - 4H,0) dels 2830 wol(or
74, 2000).

42. A3 A7 JIA L o] &3 AYAH

A3 " 8N He g8& wawaty] 9sle 20024 79 289 1
AAAYS dAE AT ARy FAUTERYE FF 200m 2 A (H 2
AR Sl RS S Algesle] Abgatsich Auiado] o) &
FoAEAE AR FH oAl B2as T EEL Wobs) Astel CaO 53
wih o]/l 45mm ZV| R U e QYT vkalge) A Mg AL ALs
st ar, sl wfEriel ALESE) 918kel 095 mm - 30 WA =27) e
ffff o)t R1E] 42 o] &5k}

WA B AR Azbe] Bl kgl sl A E AL 20024 8

2199 164 ~89 23U 14A17b4) 9441 ¢ 59 A Alerth 1kge AE) A

ool Aol 03ml/ming] £EGX107 Vminkg)® 28 Fegxm, A
Ho b A EE RASY st FHEARE Table 14,

Ears A EES Fig 199 Yebygich
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Table 14. Water quality of inlet for the first laboratory test

Itemn | Conc. (mg/L) Item | Con. (mg/L)
As 0.234 Mn 0.006
Na 4.283 Zn 1.217

K 0.317 Cu 0.002

Ca 10.979 Cd 0.008
Mg 3.085 Pb 0.002
Fe 0.081 Cr 0.002
Al 0.016 P 0.031
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Fig. 19. pH changela) and removal efficiency of heavy metals(b)

resulted from the first laboratory test
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Fig. 20. The system of laboratory test for limeston and apatite

removal efficicney.

-+ | imestone - Apatite
7.4

7.3
572

7.1
y = —-0.0337x + 7.4115

0 5 10 15
Flow rate(10E-4(I/min/kg))

Fig. 21. pH change according to different flow rates.
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Fig. 22, Change of As removal amount according to different flow

rates.
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Fig. 23. Change of As removal rates according to different flow.
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Fig. 24, Change of dissolution rates for limestone and apatite according

to different flow rates,
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{a)

Qyr-

Fig. 25, SEM photograph for the precipitate resulted from reaction

between apatite and ARD((a): <500, (b} % 5000).
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Fig. 26. Change of main cation portion for large precipitate and small

precipitates resuited from SEM analysis.
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Fig. 27. Comparision of apatite and precipitate compositions resulled

from XRF analysis.
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9184 ke el AgAAe A 33 v

62¢ _ ; ]
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Sl re FE AN wexze AYS FR5me Al 220m 2D =
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A 6ol TRl dEM e gl g dYate] QMo garre e

WA 7 gkt
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A7IM, Vs BEgal Ja34E(em/s), g(98lom/s)= el sl4
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Vs 3.57x 10 ~*m/sec

_ 521210 " m¥sec.
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Vsl ahF Beebs Albeld, AL ularwd by olg g 1
Zoarstol ohs A 125 upEl = 9l
af =Bl vk =0, 174mg/ ¢ (ke 45000 ¢ /day> 62t

_ 0.174mgf ¢ { kg 45000 ¢ /day> 62000k _ Y
B 1000000mg/ kg — 485.46kg [day (2] 12)

iAot W& g nl e hepolnlaby Helw JAED2 9 A 12004
TER W s ol gl Zhgopn e $e e A 139 2o
As ¢ CaHAsOy = 7492 @ 164.01
7492 116401 = 48546 © x
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Table 15. Soil Particle Size(Lyle, 1987)

Soil particle | Diameter range(cm)
Very coarse sand 0.2-0.1
Coarse sand 0.1~0.05
Medium sand 0.05~0.025
Fine sand 0.025~0.010
Very fine sand (.010~0.005
Silt 0.005-0.0002
Clay < 0.0002

Table 16. Kinematic Viscosity( #) of Water at Various Fahrenheit and

Celsius Temperatures{Lyle, 1987)

' Kinematic : : Kinematic
Temperature : ) -1 Temperature . :
(B - viscosity (g ) (g, C). - viscosity( #)
| (cm?/s) - i  {cms)
82 (1.017939 0 0.01792
40 0.0154591 5 0.01519
50 (0.0130993 1O 0.01308
60 0.0113063 15 0.01141
70 0.0098384 20 0.01007
39 (0.0086399 25 0.00897
100 0.0076738 30 0.00204
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APPENDIX
(Analytical data of ICP, XRF, XRD, SEM)
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Tahle 1.

Quantitative Analysis - Summary Report

Summary

intensities

Meas inlens Blanhk Intensiy

TGOV TTRS
11455349.0851
BHTEG 2674
1662 9763

213496
1801 0005
10991 0440

{onc. Mean
2% G407

nIane
4068586
0 Gzes
0090t
00224
013568
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Analitycal results of ICP 1{Raw water, Primary experiment).

Hiank Intens. S0
13.0292

165586421
17864.1G84

150,580

Sample Unit



Table 2. Analitycal results of ICP 1{continued)

Quantitative Analysis - Summary Report

Summary

Intensittes
Al Meas. Intens. SO Blank Intensity Blank inlens 50
As 2362854 2620057 13.029:
el i a1 22801 7125 16568 9921
K. 11243342 i 145539 0851 178

84,1984
03

15101480 BL7RE 2674 T TEED
23655214 THE3.2765 0

3213, t
36657995
56264831

27,2496
TR0 000D
10991.0440

Corc. R3D Sample Unit
£.41 Sl
CaRtE g

18685 ugil

il
i
1.8681 L
i
¢

Q028 Ly
G261 ugil

: j] ugits
Wi 3.9 ug/l.
i 14172128 06

2011708

2565
7

BRE
1186816
214176
45751

_81_



Table 3. Analitycal results of ICP 1{continued)

Leamitative Analysis - Summary Report

Sumrmary

ihtensies

13ty Hlank Inlens Sl
3 0 Babl

v e sults

O Sample Unt
[ 5474 2.0085 g

Cone 50 Done, R
i
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Table 4. Analitycal results of ICP 2(recation between Limestone and
ARD)

Quantitative Analysis - Summary Report

Dengioed 0TODA0Y AT D& 1

e Baek 0gd

Summary

Intensitiss

Meas Intens S

Blank Intens. 50
13.0262

1856.6921

221017

1145535

5534 17384 1%
8E7H o7

48

&

150 9

i

Concentratio
R vone A Sampie Unt

L

07855

0.9485

00222
0.0260
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Table 5. Analitveal results of ICP 2(continued)

Quantitative Analysis - Summary Report

s estore {105

Summary

intensitnes

HERRI]

51143
N 948 Jab
3445 401

iy

T

I55.5806

Poot D Cone. 50 Conc BED Sample Linil
7464 17 ugst
172.401%

182155

274 447

220506
ABEESAT 19208
47438 ¢

3046
F2T THAG
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Table 6. Analitvcal results of ICP 2(continued)

Quantitative Analysis - Summary Report

Suimimary

Intensiiics
Maas. Intens 50 Blans Intensily Blank Intans 5O
Y G435 6433 T BABL

Conceniration Results
Cone Mearr  Cono 80 Cong RSD Sampls Unit
31 GALY Lo2g4y 00315 gl
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Table 7. Analitycal results of ICP 3(recation between Apatite and

ARD)

iass Meas. in

prmenceiapati

PR

v
P

PRI PR E]

SENIE i Gdd

WETARY L b

Summary

nsities

5. Intons. S0
416 8166
1745352 5
531320
ES ICHR .
204
391

&
Q0
®

e B I

R

1
1028

3824

Quantitative Analysis - Summary Report

Qiank Inensity
2620057

82
a2z

59

TRO D
10991 2240

Concentration Resuits

oome Tdegan

Ao o~
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Cone B

304 3708

25 H04D
EER I Y
o8

G117

263

2056
54

r

~
D N

32919 uglt
25478 ugll

00135
00542

Blani intens. 36

13 G292
1658 9821

17

8841984
7907880
2419080
1422
307§
449 ¢
256 5647
207 8438

4 938%
326 18a7
1505800




Table 8. Analitycal results of ICP 3(continued)

Cuantitative Analysis - Summary Report

Summary

Intensities
Mas =hs Mean Acas Inle : Elank

B 301 &
1 52 Ua8h 8y [EIRR NS {3001 8440
Concentration Results
s blean Cene 30D Cong. RS2
03405 111004

L8

19357 90

a0

30Gd
5145
2.0402
P

82749
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Table 9. Analitvcal results of ICP 3(continued)

witative Analysis - Summary Report

#5700 AT 15T

Summary

lntensities

Blank Intensity Biank Intens

T Y )
[SEENS TR L)

SNy L tines NE s Sample Uit

ugil
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Table 10. Analitycal results of ICP 4(secondary experiment)

SampleiD Eiement Mean
Apatite 3 AL308 215 G064 mg/l
Ca 347 933 6442 mg/L
Cd 226.502 L0386 mgiL
Cr 283 253 0058 mgib
Cu 324.752 -0.07%  mygil
Fe 238 204 0760 mgil
K 768.490 2799 mgd
Mg 278 077 3985 mygil
Mn 282 920 -0.032 mgil
Na 589.592 10,07 mgil
P 213617 0,202 mgil
Pb 220 353 -0.007  mail
S 180.863 83.78 myil
S1251.81 2268 mg/l
Zn 213,857 0.387 mgil
Apatite 3 As As 188070 0.048 mait
Apnatite 4 Al 308215 0058 mglL
Ca 317 933 67.57 mgil
Cd 226 502 -0.03% mo/l
Gr283 863 <0082 mgil
Cu 324 762 -0.080 mgll
Fe 238204 0760 myll
K 766,490 2726 myill
Mg 279.077 3870 mgiL
Mn 294,520 3032 mgll
Na 689 582 1016 mygiL
P 213617 0.246 mgit
Pk 220.353 0008 mgdl
S 180888 S0.1d mgil.
502581641 9220 moi
Zn 213.857 0415 mgil.
Apaite 4 As As 188079 0.03% myil
Limeatone 2 Cd 228 502 0038 g/l
Cr283£63 0038 mgl
Ph 220 353 2010 mgit
Linestone 1 AL 308215 0.054 mgil
Ca 317.83% G263 mgll
Cd 226,502 -0.0368 mgil
Cr 283862 -0.038 mgil
Cu 324.752 -0.083 mgll
Fe 238.004 -0.758 mglt
K 766.4490 1.832 mg/l
Mgy 279 077 1128 myil
Mn 294 920 0768 mg/l
Na 586 592 5742 mg/L
P213.617 3186 mgil
Pb 226353 0008 mglL
S 180 869 7857 malL
51251.617 8783 mgil
Zn 2138467 0.720 magil
Limestong 1 As As 138.979 0161 mgil
Uimostong 2 Al308.215 {4asg mglL
Ca 317037 175 mg/ll
Cui 324752 0084 myfl.
Fe 238 204 -0.759 mgiL
K 766,430 1.887 mog/l
Mg 270077 11.28 mgit
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Table 11. Analitvcal results of ICP 4(continued)

SampielD Element Mean
Limestone 2 Mn 264520 0.727 mgfl
Na 583.592 5875 my/lL
P 213617 0.205 mgil
S 180869 7631 mgill
Si251.611 9.204 moy/l
Zn213.857 0608 ma/l
Limestone 2 As As 188.972 0451 moll
Raw Sample Al 308 215 0.051 mgit
As 188979 0.174 g/l
Ca 317.933 87.85 mglL
Cd 226.502 -0.036 mg/l
Cr283.562 -0.038 mgil
Cu 324752 0082 mgil
Fe 238.204 -0.759 mgil.
K 766.480 1.888 mgil
Mg 279.077 1133 mgil.
fln 294 820 0.398 mgil
Na 589 592 6052 mg/L
P 213817 0207 mgl
Pb 220 353 -0.008 mg/l
S 180.669 7679 mgl
Siz51 611 9023 mgil
Zn 213 857 0835 mgil
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Table 12. Anlyvtical result of XRF(Major elements—Precipitation,

Limestone, Apatite)

Matariz Pre Pry Pre Pre
Name (1/3] 243 (/%) {Average) S.D.
S0z 15 49 15 51 15 50 15.50 {3.0074
AlIZ03 4.04 4 .08 4.058 4.05 0.0081
TiOZ 0.08 .08 Q.09 ¢.08 0.0005
Faa(l 1.49 1.49 1,44 1.48 0.0018
bal 003 6.03 0.03 0.03  0.0002
[lel) 5649 559 5,58 5.58 0.0044
Cal 34.47 34 .47 34,46 34.47% 0.0078
Na2(O 0.2 0,30 0.32 032 0.0010
LA (0.39 .39 (.39 (.38 0.0008
Peh 2112 2112 2113 2112 0.0032
Lo 16.74 16.74 16.74 16.74
Total 99.78 99.80 G9.789 99.79
Mriterial Lime Lime Lirme Lime ap
Narme (1/3) {(2/3) {3/3) {Average] e
Sig2 328 328 3.28 3.28 0,0008
AIZGH 0.29 0.29 0.29 (.29 .00
Hoe 000 0.00 0.00 000 0.0004
Fe20s .00 0.00 0.00 0.00 0.0003
IS 0.03 0.03 0.03 0.03 0.0002
MaO 065 0.G4 0.65 .65 0.0034
Cal 4655 46,39 46 31 46 42 0.2176
Nzz20) 000 0.00 0.00 0.00 0.6013
K20 Q.00 0.00 0.00 0.00 0.0000
P05 .03 0.03 .03 .03 0.0005
L 4310 4310 4310 43.10
ol 4394 23,78 93.70 83.81
AR AFa ARPa .
{174} (273} {3/3) iAvoragel 5.0
23.33 23.33 23.30 23.32 ¢.0194
1,60 161 1.61 1.61 .0017
0.04 0.04 ¢.04 .04 0.0001
(.69 .64 0.69 0.69 0.0004
001 .01 0.0 Q.01 0.0000
i1 1.1 it 1.11 0.0048
37 56 37.54 G755 37 .55 0.0102
G 406 .46 (.47 .46 .0050
U018 Q.18 018 .18 0.0003
27,97 2796 27 Oh 27.96 00105
7,43 7.43 7.43 45
100,37 100,34 100,32 106 .34
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Table 13, Anlytical result of XRF(included trace element-Precipitation)

spovy o Precipiigion Avalyiical Growp: syseotide fagi

Late:  2003-03-0F 14:32

CUMMENY D Delgani Dxide for ERF-§T0D ARV

Line

3 Guun-Fr CaKa
% Quau-FF B Ka
ke Giap-fp SiKa
i Quan-FF MgKa
% Ui -FP ALK
b Quan-I'k FoRa
% Quan-Ty Feks
% G- 5 Ka
% Quan-¥1 K Ra
n .

%
\fist 5 MnKa 1. 584 0413
s kS (A8 1 2418 1109

Table 14. Anlyvtical result of XRF(included trace element-Limestone)

Quan-FP Take
. Quan-Ft Feks
c Uyea=FP  Mnka

N ey P

...92....



Table 15. Anlytical resull of XRF(included trace element—Apatite)

Sapgler Apniiie Apaiviteal Group: sysaxide fas:
Date:  2003-03-07 1441

{ { FoRa 0782 0.0
¥ jaane P Weka AR AT
% i : Atk KERR 060y
¥ i : § ke 43, 185 {. RE3
% Gaan-1p Fehs 31, 304 {0, 545
b Guan-T7r Naka 2128 0. 207
e % Guan-p K Ka {6 671

Quan-kD T

p

Nzt % iati-
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Table 16, Anlytical result of XRD 1

RK'Pert Graphies & identify
(searched) peak Hst: Gea-ned

ginal sean: Geoeseid
[reseription of soan:

Llsed wavelo

phal wavelength (A
2 wavelongth (A):
2

search parameter sef:
Nt created:
Peak positions defined by

Stinimun pexk tip widih "2 Theta):
Minimuy peak Hp width (72 Theta):

Pewk buse width (2 Thetay
Mininn significance

d-gpucing Rutative
intensily
7y (o}
g

Gid8%
803732

Hh4y PRA

5 {12300 BLIHy
B E 206
TRRATY 100,00
'I’&A ~y

Mitips Avaiviieal

Angle
A Thota)

R91152
1499210
2082592
2199585
2REIRW
2664633
2R5806
2021782
301600
3098138
3201101
33.22808
3447328

)
I

Date: 37743 1354

K-Alphal

54056
54439
L 30000
154059

130322

As Measured Intensities
872300 1749

Minimuipn of 2nd derivative
.00

.63
200
(6
Penk Hackground
Height
{Counts’s) {counts/s)
44,55 20,06
13.09
.47
2 8,71
7456 834
6707 8.14
2900 ER )
24,06 7.5
620 7.39
300,66 7.23
23428 7.00
9417 6. 74
6126 6,54
754 627
16,08 380
S AY] 353
IR sS40
6003 837
1oL 5,24
300
4.59
4.88
4 /7
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Tip
Width
{72 Theta)
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Table 17. Anlytical result of XRD 2
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Table 18. Anlyvtical result of SEM 1

(ANALY SIS REPORT]

GENERAL CONDITIONS

Result File : 0306~1
File Version 1
Background Method : Foil

Decon Method 1 Gaussian
Decon ChiSguared : 72.30
Analysis Date 1 6-MAR-2003
Microscope : SEM
Comments

ANALYSIS CONDITIONS

Quant. Method 1 XPP/ASAP
Acguire Time : 100 secs
Normalization Factor: 100.00

SAEMPLE CONDITIONS

kv 1 20.0

Beam Current : 500.0 plcoAmps
Working Distance 1 15.0 mm

Tilt Angle 1 0.0 Degrees
TakeOff Angle 1 30.0 Degrees

Solid Anqle*BeamCurrent 1.4

Element Line Waeight% Error K-Ratio Cnts/s Atomic$
O Ka 55 .24 O0.84z2 0.0893 103.98 72.45

Mg Kz 3.42 0.083 0.014% 41.09 2.95

A Ka 2.64 0.041 0.014¢0 41.25 2.05

Si Ka 5.14 G.052 0.0334 98.39 3.84

P Ka B.17 0.066 0.0556 152.32 5.54

Ca Ka 24 .60 0.117 ©0.2185 440.16 12.88

Fe Ka .72 0.031 D.0064 6&.44 0.30

Total 1i00.00
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Table 19. Anlytical result of SEM 1{continued)

[ANALY SIS REPORT]

GENERAL, CONDITIONS

Result File ¢ 0306-1
File Version 1
Background Method : Foil

Decon Method : Gaussian
Daecon ChiSquared . 38.35
Analysis Date : 6-MAR-2003
Milicroscope : SEM
Comments

ANALYESIS CONDITIONS

Quant. Method 1 XPP/ASAP
Aeguire Time : 100 secs
Normzalization Factor: 100.00

SAMPLE CONDITIONS

kv : 20.0

Beam Current : 500.0 picolmps
Working Distance : 15.0 mm

Tilt angle : 0.0 Degrees
TakeCff Angle : 30.0 Degrees

Solid Angle*BeamCurrent: 1.4

Element Line Weight% Error K~Ratic Cnts/s Atomic%
Mg Ka 65.23 0.096 0.0333 41.88 8.77

Al Ka 5.17 0.080 0.0310 41.57 £.56

g1 Ka 10.48 0.106 0.0728 87.72 12.74

P Ka 22 .33 0.162 0.1520 185%.54 24 .68

Ca Ka 54.10 0.258 0.4802 440.18 46.20

Fa Ka 1.72 0.068 0.6141 6.44 1.05

Total 100.00
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Table 20. Anlytical result of SEM 2(Large particles)

[ANALY SIS REPORT]

GENERAL CONDITIONS

Result File 1 03062
File Version o1
Background Method : Foil

Decon Method T Gaussian
Decon ChiSguared : 19.84
Analysis Date i 6-MAR-Z2003
Mizroscope : SEM
Comments

ANALYSIE CONDITIONS

guant. Method 1 XPP/ASAP
Acquire Time : 100 secs
Normalization Factor: 100,00

SAMPLE CONDITIONS

kV 1 20.0

Beam Current : 500.0 picohAmps
Working Distance : 15.0 mm

Tilt Angle : 0.0 Degrees
TakeOff Angle : 30.0 Degrees

Solaid Angle*B@amCurr@nt 1.4

Elemant Line Weight¥% Error K-Ratio Cnts/s Atomic%
O Ka 21.28 0.546 0.0653 32.78 48.16
Mg Ka 0.64 0.032 0.0030 4.02 0.65
Al Ka 10.69 0.113 0.0636 BG.78 89.76
51 Ka 28.40 g.179 0.1781 251.82 Z4.90
P Ka .16 0.088 0.0264 34.65 4.10
K Ka 0.99 0.034 0.0080 8.36 0.62
Ca Ka 10 .32 0.112 0.0878 84 .81 6,34
Fe Ka 11.83 0.169 0.0982 47.21 5.13
Cu Ka G.89 0.061 0.0072 2.11 0.35
Total 160G .00
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Table 21. Anlytical result of SEM 2(continued)

[ANALY SIS REPORT]

GENERAL CONDITIONS

Result File : 0306-2
File Version 1
Background Method : Foil

Decon Method : Gaussian
Decon ChiSquared : 18.86
Analvysis Date : 6-MAR~2003
Microscope 1 8EM
Comments

ANALYSIS CONDITIONS

Quant. Method : XPP/ASAP
Acgquire Time . 100 secs
Normalization Factor: 100,00

SAMPLE CONDITIONS

kv : 20.0

Beam Current : 500.0 picoAmps
Working Distance 1 15.0 mm

Tilt Angle : 0.0 Degrees
TakeGff Angle : 30.0 Degrees

Salid Angle*BeamCurrent: 1.4

Element Line Weight% Error K-Ratio Cnts/s Atomich
Mg Ka 1.10 0.048 0.0058 5.22 1.48

Al Ka 14.13 0.151 0©0.0%812 87.08 17.13

51 Ka 41 .58 0.261 0.2652 253.74 48.43

% Ka §.08 0.141 0.0371 33.04 8.54

K Ka 1.50 0.052 0.0117 8.36 1.26

Ca Ka 15.51 0.168 0.1297 84.81 12.65

Pe Ka 16.81 0.24% 0.1451 47 .21 .85

Cu Ka 1.28 0.088 0.0107 2.11 0.66

Toral 9%.99
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Table 22. Analytical results of ICP(Surface water,15/Jul./2003)

ltem | As |'Hg [Cr* | 'Cd | Mn | Al | Pb | Cu | Zn | Fe
HBW=1,0.009| ND | 0.02 [0.036(0.275] ND | ND | ND |2.982! 0.05
HBW-2| ND | ND | 0.07 [0.003] ND |0.45] ND | ND |0.362 0.16
HBW-3| ND | ND | 0.03 |0.004[0.007]041| ND | ND |0.403]0.14
HBW-4 0,006 | ND | 0.03 |0.003[0.005/0.60| ND | ND |0.390] 0. 21 !
HBW-5|0.008 | ND | 0.05 [0.004|0.005/ 070 | ND | ND |0.416] 0.24 |
HBW-61 ND | ND | 003 | ND | ND [039] ND | ND 10.134] 0 12
HBW-7|0.005| ND | 0.06 |0.002] ND |0.57 | ND | ND 02271018
HBW-9| ND | ND | 0.07 | ND [0.005/1.87 | ND | ND |0.005 0.61
HBW-1410.007 | ND | 0.04 |0.003(0.019] 0.38 | ND | ND |0397] 012
HBW-15/0.093! ND | 0.03 {0.004 [0.635] 0.09 | ND | ND |0.470]| 0.06
‘HBW-16/0.015| ND | 0.05 |0.002|0.077| 0.48 | ND | ND |0.244 0 16
tem |NH"N| CI" INOs~N|SOs “| B | Na* | K | Mg' | S

HBW-1 ' 0.01 | 2 02 | 125 | ND | 6.4 | 11 | 7.7 | 4.8

'HBW-2 | 0.01 | 2 ND 8 ND | 34 |04 |09 67

HBW-3]0.01 | 2 | ND | 13 | ND |35 |04 10| 67 B
HBW-4 | ND 2 ND 10 | ND [ 38|05 10| 6.9

HBW-5| ND 2 ND 10 | ND | 300409 67

HBW-6 | ND 2 0.1 6 ND { 31 | 04 |07 | 67 |
HBW-7 ' ND 2 0.1 8 ND | 34 (04 |09 | 64 ]
HBW-9 ! ND 2 ND 6 ND | 52 0310|106

HBW-14] ND | 2 | 041 | 17 [ ND |37 |04 | 14| 68 )
HBW-15| ND | 2 ND | 64 | ND 44 ] 11 28| 70

HBW-16/ ND 2 0.7 | 19 I ND |39 07 ] 16 7.0 |
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Table 23. Analytical results of ICP(Surface water,13/Aug./2003)

item As Hg- | Cr ™| Cd Mri | Al Pb.| Cu | Zn Fe
HBW-1[0.023| ND | 0.02 [0.041]0.028] ND | ND | ND |3.288|0.10
HBW-210.006| ND | 0.03 |0.004] ND {0.25| ND | ND |0.450] 0.10
"HBW-3|0.007| ND | 0.02 [0.008(0.006/0.14| ND | ND |0.819] 0.07
 HBW-4[0.009 ND | 0.02 [0.008| ND |007| ND | ND |0.780] ND
HBW-5|0.015| ND | 0.02 |0.007] ND | 0.04| ND | ND |0.757| ND
HBW-6|0.000| ND | 0.02 |0.002] ND |6.03| ND | ND |0.154| ND
HBW-7[0.016| ND : 0.02 |0.007| ND |0.02| ND | ND |0.712] ND
HBW-9{ ND | ND 1002 | ND | ND |6.15! ND | ND |0.007} 0.15
HBW-14{0.032| ND | 0.02 [0.0050.071] ND | ND | ND 10.899] ND |
HBW=15/0.109| ND | 0.02 0.004]0.934] ND | ND | ND |0.630] 0.05
HBW-16/0.038| ND | 0.02 [0.002| ND | NO | ND | ND |0.253| 0.02

item - [NHs=N| CI” |[NOa=NiSC: “| Br | Na" | K | Mg’ Si
HBW-1]001 | 2 | 02 [ 122 | ND | 55 105 70 | 3.9 B
kBwW-2|001 | 2 | 01 9 | ND | 39 |039] 11| 64
HBW-3| ND | 2 01 [ 23 | ND | <2 [049]19] 72
HBW-4, 002 | 2 | 01 | 23 | ND 4.3 048] 20 | 6.7 !
HBW-5:001| 2 | 01 | 22 | ND | 243|050, 20 | 6.7
HBW-6 001 | 2 [ 03 | 10 | ND | 40 |034] 11 | 71 ]
HBW-7| ND | 2 | o1 | 22 [ nD | a3 050|271 ] 62
HBW-9[002] 3 01| 4 [ ND |64 048] 1.8 100
HBW-14] 001 | 2 01 | 40 ND | 47 |060| 27 | 83 |
HBW-15 ND | 2 . 0.1 | 81 | ND | 49 110|309 | 6.7
HBW-16] ND | 2 | 06 | 3¢ | ND | 50[130|29 | 66
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Table Z4. Analytical results of ICP(Ground water,15/Jul./2003)

105 ~

ltem As | Hg [Cr™ | Cd { Mn | Al | Pb | Cu | Zn | Fe
OW-1 | ND | ND | 0.05| ND (0.018]0.02| ND | ND {2.617| ND
OW-2 | ND | ND | 0.02 |0.012]0.983] ND | ND | ND {2.313] 0.08
- OW-3 10,187 ND | 0.02 [0.004[1.310/ ND | ND | ND |3.660]0.13
Ow-4 10.016] ND [ 0.02 | ND |0.490] ND | ND | ND |7.522|0.06
OW-5 | ND | ND | 0.04 |0.021[0.897] ND | ND | ND |3.374] 0.05
ltem {NHz=Ni{ 'CI” [NOs&=N{SOs | Br | Na’ | K* | Mg" | Si
OW-1 069 | 4 [ 01 | 17 | ND |51 |08 | 24| 22 .
‘ow-2 ND | 4 |02 |22 | ND|84115 136] 9.8
OW-3 | ND 4 0.3 | 382 |0.059| 96 | 1.8 | 209|123
fOW-4 | ND | 3 | ND | 146 | ND | 53 | 24 | 6.7 | 80
Oow-5 001 | 2 | ND [ 207 | ND |53 2178|127 |
Table 25. Analyvlical results of ICP{Ground watcr,13/Aug./2003)
tem | As | Hg | C° | Cd | Mn | Al | Po | Cu | Zn | Fe
OW-1 | ND | ND | 0.02 | ND |0.025/ ND | ND | ND |10.550| ND
OW-2 [0.007] ND | 0.02 [0008/0 902 ND | ND | ND |1.468 | 0.13
OW-3 [0.148| ND | 0.02 |0.002(0.839] ND | ND | ND |1.758 | 0.14
OW-4 [0.051] ND | 0.02 | ND 13.421 ND | ND | ND |3.880 0.10
OW-5 |0.015, ND | 0.02 [0.009/0.331| ND | ND | ND | 1763 | ND
ltem  |NHs-N|' CI" [NOs;-N|SO: | Br” | Na™ | K' | Mg" | Si.
OW-1 0711 3 | 01 | 16 | ND | 44 |065| 23 | 50
OW-2 004 | 4 | 03 306 | ND | 95| 1.5 183 598
L OW-3 | 005| 3 | 0.2 | 271 [ ND | 84 [ 1.4 166 11.3
P Ow—4 0.01 2 0.1 169 ND 5.4 2.4 6.6 9.9
" OW-5 | ND | 3 | 01 [ 176 | ND | 55 | 2.4 | 85 | 14.3
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