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Environmental Contamination and Best Management of Stone-dust from
Quarry Mine

Pyeong-Koo Lee!, Seung-Jun Youm'* and Min-Ju Kang’

Geologic Environment Division, Korea Institute of Geoscience and Mineral Resources, Daejeon 305-350, Korea
Department of Earth and Environmental Sciences, Chungbuk National University, Cheongju 361-763, Korea

All of the water and stone-dust samples with or without flocculant, in and around quarry mines, were analyzed
for total concentrations of heavy metals, cyanide(CN), toxic organic compounds and organic phosphorus. Extrac-
tion experiments on stone-dust by EDTA and various pH solutions were also carried out, in order to evaluate the
contaminant leaching from the long-term heaped stone-dust within quarry mines. The concentrations of Cr™, Hg,
CN, TCE/PCE and total phosphorus in all samples (water and stone-dust) were under detection limits, confirming
no environmental contamination from stone-dust in quarry mine areas. Lead and cadmium were not detected in all
water samples. Copper and zinc were found in some water samples, and arsenic was detected in a few water sam-
ples. But they also showed levels much lower than the drinking water standard. Results of the extraction experi-
ments by EDTA and pH solutions showed that Pb, Cr, Cd, Cu and Zn were leached out in less amounts or under
detection limits. Arsenic was detected only at pH 3. From above results, we suggested that environmental contami-
nation by quarry mine development is likely to be minor or negligible.

Key words : stone-dust, quarry mine, contamination, best management
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Table 1. Type and number of water samples in and out quarry mines

quatry mines

Sample Types Bongjac  Shinhan Dongmyung Asea Seoryong Daeun  Sum
Water mixed with stone-dust 1 1 1 1 1 1 6
Water reacted with flocculant 1 1 i | 1 1 6
Pressing water from Cake i 1 1 i 1 1 6
Water in retention pond 3 2 3 3 2 3 16
In Seepage from sand 1 1 1 | 1 1 6
quarty  Seepage from gravel 1 1 - 1 1 1 5
Groundwater - 1 1 3 3 1 9
Discharge water - - - 2 - - 2
Stream water 1 1 - 1 1 1 5
Other water i 1 2 - 1 3 8
Stream water i 2 2 2 2 2 11
Out Groundwater i 1 1 1 1 1 6
uary Reservoir water i - - - - - 1
Total 13 13 13 17 15 16 87

carbaryl, fenitrothion, melathion, parathion, phenthoate,
EPN).

3.3 XM FEEY

19 AAPA ANFHE B, HEE, Beud, o
E, 94 9 2Ewdel 200 mesh oA 8 (0)3) 2
2 under 200 mesh), 422] 200 mesh ©]sHA & (]
8 218 under 200 meshyolld FE2] EH9 Hils
szl st SEEE vy F8ER 7AH
o] lorg {2 Hupy AWl osiMe FE9
ol o9 XA Bl B ubye] o) FExA
I THE BEsiGch XA dEAS PHILIPS
X’PERT MPD Diffractometer(Cu Ka:40kV, 25 mAYS
ol-&-31R 3L, Cu targetS A3l 3°-4571A] 2°20/1
o] &9} 0.01°9 7HEe = s,

34, SEEY
341 a4 ATF Y

Fade] AP ¥4 A EFE7)7(International
Organization for Standardization)oll* A|¢tHel sk aqua
regia:ISO 11466y weh HA81%9 T (International
Organization for Standardization, 1995). 813HEA18-(
2h) A& 3goll E4H37% HCHT 2AH70% HNOs)
< 312 EUF 49 28miE e F L2944 16
A B AT o] F 130°CellA 2417 Bt &
A H, 045 um TEE oH8kE 0.5 molL AA
S0z st

AR BRG] U FEE B4 Tl

&y AeExA e ] ICP-AES(Perkins-Elmer
Optima 3000XL)S o]&3l%3 £42732 RF Power
1300 W, Plasma Flow 15L/min, Coolant Flow 05
L/min 2 Nebulizer Flow 0.8 L/minc|3ich AFSE Al
k2. analytical grade(Merck)elx, ICP ¥4 A] AM8-d
HFgHe 1000ppm stock solution(Merck)yS 3]
sl AMgsinh BAl29 2ol2(Cl, NOj, SO2)
B A A G2 IC(Model Dionex 120)
& o]&38l%nh A B4R olfd HolgsE I
71 i3l Milli-Q Millipore system& AME-31ATh.

34.2. TEC & PCE
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Az A3l 1187 29 40mis 722 2
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Table 2. Analytical conditions of TEC and PCE

Parameters Conditions
Trap material Carbopack B/carboxene 1000 $ 1001
Prepurge time 0.2 min
Purge time 11 min
Dry purge time 2 min
Desorption time/temp 6 min/250°C
Bake time/temp 6 min/260°C
Purge flow 40 ml/min
Desorption flow 15 ml/min

o] & GCo F zEHYo| HESF 3% o HY
SEHE GCo 24 YEE o] A HES &
AL o] A} P&T XA AFEA GCe F4h)
(split ratio) FHo] 7Fesle2 st AlRzQ A¥
Z78 EAo 2A AL Table 20 8.9kt
VEpARITE 58] B AERde $ds H&sisnh
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343.F 71
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o it o] FEE AT AN ALE
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o L AFEA FZRIETHZE ofHE 05ml
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5min, 20°C/min 180°C 1 min 2 300°C 2 min ©]t}.
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FARNe 2 RE WAse HEEE WO pH
€ WE3, 4,5, 6,7, F 8 A7 WAIZME T
2 73] E249E YA vhggdo 2]
AEE ol (deionized water)ol A4t FA
(analytical grade, Merckye H7HEANM] 46)3)] =
g}, A4 Tl 88 FEE 34-809]
WA @E 4648 F zZe Aoz vy v g
(Chung et al, 1996; Lee ef al, 2000). &8t Lee
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4%7} pH 4 ©}8le] 2H3ap7t Ui Zles By
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MEE 9 FANES] FEY%ES 27 B 0.06mm
3 044 mm2A R} Aol 49 FAET} AR
Eol uls) zgdojct. 187 FIEFE] e,
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421. 88 24 A=

ol Aate] E2A AT Table 30] Azisiant.
A UiRe] B AEES pHe A8 E89 799408
& 85), S8A we 7.899(FHT 85), Cake B
769708 8.4), AFA 6996 8.1), ZAIEF
789.1CG3F 83), A A& 788203+ 80), A3k
6.3-81( @ 74 2 71e F 7096 80y ¥H

Table 3. Field measurement statistics of water samples in and out quarry mine areas

Sample Types T(°C) pH EC (uS/cm) Eh (mV) DO {(mg/l)
o 211 85 438 76 5.0
Water mixed with stone-dust — (156515)  (79.9.4) (250-704) (40-146)  (3.3-68)
. 215 8.5 443 83 49
Water reacted with flocculant (¢4 o0y (7899)  (265-692) @45-147)  (3.86.1)
. , 215 8.4 466 87 45
Pressing water from Cake (159246)  (1.6-97) (281-758) (36-135)  (3.6:5.3)
Water in retention bond 213 8.1 418 92 5.1
In " 1o po (16.143)  (6996)  (112-1,047) (8-152)  (3.57.1)
quarry 220 8.3 432 84 46
Seepage from sand (18246)  (7.89.1) (258-655) (50-156)  (3.8-6.6)
Seepase from sravel 27 8.0 411 99 49
Page g (20.024.4)  (7.8-82) (79-765) (80-135)  (4.5-5.7)
Groundwater 225 74 366 137 39
(157-44)  (63-8.1)  (132-1,064) (86-226)  (2.7-5.1)
Other waer 2.1 8.0 562 103 5.0
s (17.8-47)  (7096)  (92-1,905) (33-169)  (4.06.5)
Sream wale 218 74 234 124 52
Out r (166-45)  (69-84) (30-812) (58-185)  (4.0-63)
quarry ] 2.0 6.6 163 177 38
Groundwater (17446)  (5871) (69-279) (119258)  (3.04.7)
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Fig. 1. Ranges of pH and EC values in water samples (A. seepage from sand; B, water mixed with stone-dust; C. water
reacted with flocculant; D. seepage from gravel; E. water in retention pond; F. groundwater; G. stream water; H. pressing

water from cake).

£ EAFGFg 1). A3 2R ENEE § S
9] pHE 6.9-84FH 74)°0)1%, AskrE 58-7.103%F
6.6)2] BAE BAT Ak Ul 42 £ pH/Y
TV B 3 HolX A ukee X3t s B
< HAY F4)e B 3 AFEE AL 4
2 iR BE EL 80 oA LRI L Holx
A%F 2R BAlsE FAd ke g Btk 4
AR B AIEEY ECHEE 4B 23k 250-704
pS/em(B 438 pS/em), /A ¥R 265-692 pS/
cmCEF 443 pS/cm), Cake B 281-758 uS/cmFE
466 pS/cm), AFA 112-1047 pS/cmE@ T+ 418 pS/cm),
LZaFE<S 258655 uSem(B T 432 pS/em), AERES
79-765 pS/em@EE 411 uS/em), A5k 132-1064 pS/cm
(B 366 puS/em) 2 7]EF E 92-1905 pSlem(E &
562 pS/cm)e|thFig. 1). A4t 9F-2] & A8E & &
Aol ECe 30-812 uS/em(Ed- 234 pS/em)e) L A
39 ECE 69-279 nS/cm@Ed 163 pS/cm)d] 3+
BRIthFig 1). Ehe] 7%, 7P W& #E Hol= &
ANBE AE EIrEA HE 69 mV(40-146 mV) 9
e Bl 7MY = e A4 99 A wie
AslrEA Het 177mvel™ 119-258 mvel HHE
Btk DO A5, Aat UiF-oF o5 BASES] 7t
o] Mz ul&3k WS welth A4 YR E A8
9] DO 32 Ha 3.950mgle] BAE Ho|w Aak
99 B ANEe B 2852 mg/lel HYS 1o v
S AR 3k JERR Qich

422. 1% 4 2 {718%HE
7 AAlA AH ZE E AR FFE(C

Pb, Zn, Cd 2 As) &% FAEFIIEEHRT F
7%, LEEF wiEEE 71E 2 J3l 2 71E
Table 44 AE)slEtth. RE B A4 Cu, Pb ¥
Cde AZHX (UL Znd} As9) FF2 F2AEF 7
THT} ysit)

As9] A%, U E FE&a 9 vwE g & A
BN 2 FFo] HAEHAY gl Bt
0.007 mg/l, 9442 HF 0.007mgl, AF4he
Ha 0.001mg1 B opdloPdARE HE 0.006 mg/le]
o2 olf e BEF FARF ERY 24 W
2 ol tHFig, 2). §3] oMo} A4t B A4k 9
e Aqtel 7 Asge] AUlFeE U AE
= Aol ", AEF, ARA 2 wigA] B As
olgw Ao@ Vel Znd 7A¢, 4t tleAiste]
Aab g ABleet A8 XsheollM Az 039 H
025 mg/l, 24t FEAAe] FAL AsppolA 0.02
mg/l, Y MF A2t ) Asee) AL A sl
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Table 4. Heavy metals concentrations of water samples

A

i

Classification

Result (Units:mg/1)

Cu Pb Zn . Cd As
Drinking water 1.60  0.05 .00 0.005 0.05
Stream Water Human Health Protection - 0.1 - 001 005
Water  Contaminant Clean Zone 0.5 02 1.0 0.02 0.1
Quality  Discharge Special Area 3.0 1.0 50 010 05
Level Water of life — 01 - o001 005
Groundwater Water of agriculture - 0.1 - 0.01 005
Water of industry - 0.2 - 002 010
DW-1  Water reacted with flocculant 0060 000 000 000 0.003
DW-2  Pressing water from cake 000 000 000 0060 0014
DW-3  Water in retention pond (near cake) 0.00 000 000 000 0011
DW-4  Stream water 0.00 000 000 000 0.020
DW-5  Water in retention pond 000 000 000 00606 0.002
DW-6  Groundwater 000 000 039 000 0.002
DW-7  Water mixed with stone-dust 000 000 0.00 000 0.006
Dacun DW-8  Water in final retention pond 0.00 000 000 006 0003
DW-9  Stagnant water (near cake) 0.00 000 000 000 0003
DW-10  Seepage from gravel 0.00 000 000 000 0.004
DW-11  Seepage from sand 000 000 000 0060 0.007
DW-12  Spill water in quarry mine 000 000 000 000 0.008
DW-13  Discharge water 000 000 000 000 0.008
DW-14  Stream water (lower) 0006 000 000 000 0.009
: DW-15  Stream water (upper) 000 000 000 000 0.008
DW-16  Groundwater (house) 014 000 025 000 0.004
DM-1  Pressing water from cake 000 000 000 000 0016
DM-2  Groundwater 0.00 000 000 000 0.000
DM-3  Water reacted with flocculant 000 000 000 0.00 0010
DM-4  Water mixed with stone-dust 0.06 000 000 000 0.007
Quarry DM-5  Stagnant water (near cake) 006 000 000 000 0015
mines Dong- DM-6  Water in retention pond used in sand production 0.00 000 0.00 0060 0.012
myung DM-7  Seepage from sand 000 000 000 0.0 0005
DM-8  Water in retention pond used in gravel production 0.060 0.00  0.00  0.00 0.005
DM-9  Stream water (upper) 000 000 000 000 0.000
DM-10 Stagnant water in cake landfill 000 000 000 000 0.016
DM-11  Water in retention pond used cake treatment 000 0.00 000 000 0.006
DM-12  Stream water (lower) 000 000 000 000 0.001
DM-13  Groundwater (house) 000 000 002 000 0.001
SP-1 Water in retention pond 000 000 000 000 0.001
Sp-2 Seepage from cake 0.00 000 000 000 0.002
SP-3 Stream water 000 000 000 000 0.002
SP-4 Water mixed with stone-dust 006 000 000 000 0.001
SP-5 Water reacted with flocculant 000 000 000 000 0001
SP-6 Pressing water from cake 000 000 000 000 0.001
Bongjae SP-7 Water in retention pond (upper) 006 000 000 000 0.001
SP-8 Water in retention pond (lower) 006 000 000 000 0.001
SP-9 Seepage from sand 000 000 000 0060 0.004
SP-10  Seepage from gravel 0.00 000 0.00 000 0.001
SP-11  Reservoir 0.00 000 000 000 0.000
SP-12  Stream water 000 000 000 000 0.000
SP-13  Groundwater 0.00 000 000 0.00 0.000
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Table 4. Continued

Results (Units: mg/1)
Cu Pb Zn Cd As

Classification

Drinking water Level .06 0.05 1.60  0.065 0.05

Stream Water Human Health Protection - 0.1 - 0.01 0.05
Water ~ Contaminant Clean Zone 0.5 0.2 1.0 0.02 0.1
Quality Discharge Special Area 3.0 1.0 5.0 0.10 0.5
Water of life - 0.1 - 0.01 005

Groundwater Water of agriculture - 0.1 - 0.061 005
Water of industry - 0.2 - 0.02 0.1

SH-1 Groundwater (in mine) 000 000 0.00 000 0.000

SH-2 Seepage from sand 000 000 000 000 0.000

SH-3 Seepage from cake 000 000 000 0.00 0.000

SH-4 Water in settlement tank 0.06 000 000 000 0.001

SH-5 Seepage from gravel 006 000 0600 0060 0.000

SH-6 Water in settlement tank (gravel/landfill) 006 000 000 000 0.001

Sinhan  SH-7 Stream water (upper) 0.00 000 000 0.00 0.000

SH-8 Spring water (near cake) 000 000 0.00 000 0.000

SH-9 Stream water (lower) 0.00 000 000 000 0.000

SH10  Water mixed with stone-dust 0.00 000 000 000 0.000

SH-11 Water reacted with flocculant 0.06 000 000 000 0.001

SH-12  Pressing water from cake 0.06 000 000 00606 0.000

SH-13  Groundwater (house) 0.60 000 000 000 0.002

SL-1 Pressing water from cake 006 000 0.00 00606 0.000

SL-2 Water reacted with flocculant 000 000 000 000 0001

SL-3 Water mixed with stone-dust 006 000 0600 0.00 0.001

SL-4 Water tank (cake treatment) 000 000 000 000 0.001

SL-5 Groundwater (in mine) 0.00 000 002 000 0.000

SL-6 Groundwater (in mine) 0.00 000 0.01 000 0.000

SL-7 Groundwater (in mine) 0.00 000 035 0.0 0.000
Seoryong SL-8 Water in final retention pond 000 000 000 000 0001

Quarry SL-9 Seepage from sand 006 000 000 000 0.000

mines SL-10  Spill water from landfil} 0.00 000 000 000 0.000
SL-11  Seepage from gravel 000 000 000 000 0.002

SL-12  Stream water (in mine) 000 000 000 000 0.004

SL-13  Stream water (upper) 000 000 0600 000 0001

SL-14  Groundwater (house) 000 000 006 0060 0.001

SL-15  Stream water (lower) 000 000 000 000 0.000

A-1 Water in final retention pond 0.00 000 010 000 0.010

A-2 Water mixed with stone-dust 0.00 000 000 000 0.007

A-3 Water reacted with flocculant 0.00 000 000 000 0002

A-4 Pressing water from cake 0.00 000 000 000 0002

A-5 Water tank (cake treatment) 0.00 000 000 000 0.006

A-6 Water in discharge channel 0.006 000 000 0.00 0.005

A7 Weepage from sand 0.00 000 000 000 0.004

A-8 Seepage from gravel 000 000 000 000 0017

Asea A9 Water in discharge channel 000 000 000 000 0.031
A-10 Water in retention pond (landfill) 000 000 007 000 0.002

A-11 Groundwater 000 000 000 000 0.007

A-12 Other water in quarry mine 0.00 000 000 000 0.000

A-13 Groundwater 0.00 000 000 000 0.001

A-14 Groundwater 006 000 003 000 0.003

A-15 Stream water (upper) 0.00 000 000 000 0.000

A-16 Stream water (lower) 000 000 000 000 0001

A-17 Groundwater (house) 0.00 000 024 000 0.000
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Fig. 2. Arsenic contents of water samples in quarry mines, The dashed line indicates the Domestic drinking water level.
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AL O AAke] BE A AR HE, 99, EY
2 AEE) v2 A (Table 6, Fig. 4), 55 IAAS
W 34 F As, Cd, Cu, Ph 2 Zno] AZFYoH,
Hg, Cr%" ¥ CN& ZAE=A 94th e7) 4ake] 4
4 HEE 2 BEY F9] As, Cu, Pb, Cd, Zn} 3
< T8l B, As9 e A9t 1.8-6.0 mgkg®
@ 45mgkg), EY 0.1-70.5 mgkgEF 19.3 mg/kg)
% AEE 1445 mgkgtd# 11.5mgkg) ©I3ich.
o EY 2 4R Cuy e 47 2-32 mgkg
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Fig. 3. Zinc contents of water samples in quarry mines. The dashed line indicates the Domestic drinking water level.
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Fig. 4. Ranges of heavy metal concentrations in host rocks, soils and cakes.

AE 5 ABAN WX dEE
ZAFACRRE AHI HEEE tFeE 001M
EDTAZ §&4%& AAS 275 Table 7 AsIA
ol Aso] 824 $2 0.01-0.11 mgkge2 AA As
o] 0.1-1.3%%] $&HAUT Znd 1.0-4.7 mgkg
(HA Zn T 11-3.0%) 7t £2H92 Cu= 04
2.3 mgkg(AA Cu 4] 1.9-7.8%)°) &%)t} Ph
2 AA Pb ekl 11.9-272%2 6.2-12.1 mgkge] &
Z5HAY. 3 Cd2 AEEA 4oket ol AEE

of #f¥ Cd ¥l 1mgkge s wof 828 Cd
TFE AEII7L oYY Aoz wdHt). o|2H
AMEEE EDTAZ 8248g AA8 25, 7H 65

B7ks) a4 el

o] AHe davt Pl 1 toz2E Cuior
7P EDTA9) ¢Jaix] 8254 92 9o Cdoldd

Aoz BAHth EDTA 23 £&0] Z=e A4
o Xz Es o2 Atk gdPb)>FE(Cu)
> o}A(Zn) > H]A(As) > FF=E(Cd).

45 MMsT Halo ME B& &4

pHE 3%E &7A] W3 7IHAN 854% & 2
£ Table 8 Asidch. 747 v§ F 34
pH & 25 pH 80882 ielie e A
Ueht pH 3914 pH 67449) Abde] Wgst 4
LS Ug5el pHE § oldes 2
Aoz 2¥rh. o Aske ¥R ¥
ARFER 22 pH $5A7H Y w/\l*"—él«} pH
Aoz FANZ Reg AFHL, ol u}a} Z=

900 §22 WY 2L Aoln HpEER

M
;ﬂéﬁ%r&'—ﬁi

1m rﬂ—oq
A

o)

N e



330

Table 7. Leaching concentrations (mg/kg) and ratios (%) of heavy metals from cake by EDTA analysis

oW P -

gRE

As (%) Cd (%) Cu (%) Pb (%) 7n (%)
Daeun 0.06 (0.1) 0.0 (0.0) 23 (5.0) 6.2 (11.9) 29 (1.8)
Dongmyung 0.02 (0.4) 0.0 (0.0) 14 (7.0) 121 (27.2) 21 (22)
Bongjae 0.04 (1.3) 0.0 (6.0) 09 (7.8) 8.5 (26.6) 4.7 3.0
Seoryoung 0.01 (0.2) 0.0 (0.0) 1.0 1.9 69 (15.5) 1.5 (1Y)
Sinhan 0.01 (0.4) 0.0 (0.0) 0.4 (5.6) 7.3 (15.8) 1.0 (1.4)
Asea 0.11 (1.3) 0.0 (0.0) 0.9 (3.3) 7.9 (18.5) 1.6 (1.8)
Minimum 0.01 (0.1) 0.0 (0.0) 09 (1.9) 62 (11.9) 10 (1.1)
Maximum 0.11 (1.3) 0.0 (0.0) 23 (7.8) 12.1 (26.6) 47 (3.0)
Average 0.64 (0.6) 0.0 (0.0) 1.17 (5.1) 8.18 (19.3) 233 (1.9)

Table 8. Results of extraction experiment from cake by various pH solution

Mine Initial Final Cu Pb Zn Cr cd As
pH pH Eh
3 8.0 -579 0.00 0.00 0.00 0.00 0.00 0.002
4 8.1 -62.4 0.00 0.00 0.00 0.00 0.00 0.003
Dacun 5 8.2 -63.5 0.00 0.00 0.00 0.00 0.00 0.004
6 82 -63.6 0.00 0.00 0.00 0.00 0.00 0.005
7 8.2 -63.9 0.01 0.00 0.00 0.00 0.00 0.004
8 8.1 -59.3 0.00 0.00 0.00 0.00 0.00 0.004
3 8.0 -56.3 0.00 0.00 0.00 0.00 0.00 0.003
4 8.2 -66.9 0.00 0.00 0.00 0.00 0.00 0.009
b 5 83 -72.5 0.00 0.00 0.00 0.00 0.00 0.010
ongmyung
6 8.3 -70.4 0.00 0.00 0.01 0.00 0.00 0.010
7 8.2 =70 0.00 0.00 0.01 0.00 0.00 0.014
8 8.4 -74.4 0.00 0.00 0.00 0.00 0.00 0.012
3 8.1 -56.5 0.00 0.00 0.00 0.00 0.00 0.002
4 8.4 -74.6 0.00 0.00 0.00 0.00 0.00 0.007
. 5 8.4 -78.6 0.01 0.00 0.00 0.00 0.00 0.008
Bongjae
6 8.5 -83.4 0.00 0.00 0.00 0.00 0.00 0.008
7 85 -82.9 0.00 0.00 0.0t 0.00 0.00 0.008
8 8.6 -85.2 0.00 0.00 0.00 0.00 0.00 0.009
3 8.1 -61 0.00 0.00 0.00 0.00 0.00 0.001
4 2 -65.3 0.00 0.00 0.00 0.00 0.00 0.002
5 83 -70.9 0.00 0.00 0.00 0.00 0.00 0.002
Seoryong N
6 83 -71.8 0.00 0.00 0.00 0.00 0.00 0.002
7 8.5 -80.3 0.00 0.00 0.00 0.00 0.00 0.002
8 8.4 -76.1 0.00 0.00 0.00 0.00 0.00 0.002
3 8.2 -65.3 0.00 0.00 0.00 0.00 0.00 0.000
4 8.2 -69.5 0.01 0.00 0.00 0.00 0.00 0.000
Sinhan 5 8.3 -70.4 0.00 0.00 0.00 0.00 0.00 0.000
6 85 -80.2 0.00 0.00 0.00 0.00 0.00 0.000
7 84 -75.1 0.00 0.00 0.00 0.00 0.00 0.000
8 8.3 =731 0.01 0.00 0.00 0.00 0.00 0.000
3 83 -70.9 0.00 0.00 0.00 0.00 0.00 0.011
4 8.7 -96.1 0.00 0.00 0.00 0.00 0.00 0.023
Asca 5 8.7 -95.8 0.00 0.00 0.00 0.00 0.00 0.022
6 8.8 -96.3 0.00 0.00 0.00 0.00 0.00 0.025
7 8.8 -97.6 0.00 0.00 0.00 0.00 0.00 0.024
8 8.8 -102.3 0.00 0.00 0.00 0.00 0.00 0.026
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