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Heavy Metal Contents of the Surface Water and Stream Sedi-
ments from the Talc Mine Area, Western Part of Chungnam!
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ABSTRACT

This study is for chemistry of stream systems adjacent to the talc mine, Dacheung and
Kwangcheon, western part of Chungcheongnam-Do. For this, water(surface-, mine- and shal-
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low ground-) and stream sediment samples with top soils and their host rocks are collected and
compared. Within the Daeheung area, the SP is higher than the GN in the stream sediments,
suggestive of abundance differences among mafic and felsic minerals. In the comparisons of
total element contents, elements easily substituted with Mg and Fe within the mineral struc-
tures show low and high ratios, respectively, suggestive of the substitution characteristics of
elements within major constitutional minerals of the sediments. Differences between decrease
orders of total element contents and of elements showing abundances of high correlation coeffi-
cent (>0.85) with others suggest that chemistry of sediments also reflect secondary and amor-
phous minerals. In the surface water of the Daeheung area, contents of the MSP is between SP
and GN, and those of the MSG is between LGN and MSP, suggestive of mixing characteristics
among the stream system. Total element contents show that the SP is similar to the GW1, GN
is to the LGN, and order is decreased from (Mg, Fe), (As, Sc) to (Mo, V, Se). Comparing with
shallow groundwater, mine water is high in the most of elements within the Kwangcheon area,
relative to the ground waters, suggestive of higher water-rock interaction. Total element con-
tents of the ground waters decrease from the Mg, Br, Fe, (Sc, Cr) to (Zn, Ni, V). Mine waters
from two areas show differences in the element contents, suggestive of differences of water-
rock interaction between Kwangcheon area dominated by the serpentinization and Daeheung
area dominated by talcification. In the top soil and host rock, the SP shows high Mg ratios, and
Ni, Cr and Co contents relative to the GN, suggestive of existences of minerals containing high
Mg, Ni and Cr contents in the SP. Comparisons between stream sediments and waters show
ambiguous trends in the element contents, suggesting that chemistry within the waters do not
reflect those of the stream sediments. Comparing among the top soils, rock and waters, chem-
istry of the top soils reflect the SP of the surface water in the Daeheung area and mine water
to in the Kwangcheon area.

KEY WORDS : TALC MINE, WATER, STREAM SEDIMENT, TOP SOIL, WATER-ROCK INTERACTION
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Figure 1. Sample localities of the stream sedi-
ments from the Daeheung mine area.
All abbreviations are in the text
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Figure 2. Sample localities of the water and soil
from the Kwangcheon area, western
part of Chungnam. Shadow area is
mine site. All abbreviations are in the
text
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Figure 3. Concentrations of the steam sediments
from the Dacheung talc mine area. All

abbreviations are in the text. Scale is
logarithm
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Table 1. Concentration of the stream sediments from the Daheung talc mine area, Chungnam(in ppm)

Mg Fe Mn Ni Cr Co As Sc A% Cu Pb

sspl 56.963 63,699 1,304 320 906 45 234 228 133 85 25
ssp2 55,416 43,768 752 377 566 33 73 11.2 7 180 82

avg 56,190 43,734 1,028 3485 736 39 1583.5 17 105 1325 535

sgnl 12,082 33,250 650 32 78 13 10 9.2 82 16 20
sgn2 11,413 33,363 562 30 66 13 9 9.2 74 17 21

avg 11,748 33,307 606 31 72 125 95 8.2 78 165 205

smspl 85,003 44,780 668 549 | 655 40 33 9.8 62 14 14
smsp2 17,734 28,558 112 112 181 13 22 8.0 61 16 22

avg 51,369 36,669 5325 3305 418 265 2715 89 615 15 18

slgnl 31,775 31,266 489 236 300 19 12 8.1 55 12 19
slgn2 19,632 28,977 402 117 232 13 34 7.4 52 12 18

avg 25,704 30,122 4455 1765 266 16 23 775 535 12 185
smsg 17.202 34,917 486 82 155 14 19 9.5 75 21 24

Table 1. (Continued)

Zn U Th w Au Sb Se Be Ag Cd
sspl 62 2.3 6.5 3 5 3.7 3 1 0.4 -
ssp2 69 3.1 11.2 <3 5 6.1 3 2 0.4 0.5
avg 65.5 27 8.85 - - 4.9 - 1.5 - -
| sgnl | 43 | 2.6 | 11.7 o '<‘3 <5 | 0.5 | 3 | 2 0.4 0.5
sgn2 49 2.3 13.1 <3 5 0.3 3 2 0.4 0.5
avg 46 2.45 124 - - 04 - 2 - -
smspl 53 30 103 @3 6 18 @ 2 04 <05
smsp2 43 2.6 10.8 3 5 14 € 2 04 (05
avg 48 2.8 10.55 - - 1.35 - 2 - -
slgnl 40 2.8 13.1 '<3 5 0.3 - (3. 2 0.4 0.5
slgn2 38 2.1 13.3 3 5 0.5 3 2 04 0.5
ae % 245 132 - S 04 y 2T
smsg 49 2.7 13.8 3 6] 1.6 {3 2 0.4 (0.

* s means stream sediments. ssp for average contents of stream sediments from the SP. sgn for
those from GN, msp for those from MSP, lgn for those from LGN, mag for those from MSG. SP,
GN, MSP, LGN and MSG abbreviations are in the text
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Table 2. Calculated Pearson correlation coefficent for the stream sediment from Daeheung talc mine

Mg Fe Mn Ni Cr Co As Sc \% Cu Pb Zn U Th Sb
Fe | .753
Mn| .606 .899
Ni | .991 .671 .529
Cr | 935 .840 .794 .918
Co | .941 .898 .834 .906 .987
As | 726 .886 .944 .681 .915 .910
Sc | 666 .933 .953 .604 .861 .874 .982
\Y 339 852 921 .238 .562 .624 .814 .891
Cu| .639 .894 969 .580 .853 .860 .990 .992 .886
Pb | 573 .882 .955 .512 .807 .813 .974 .990 .910 .995
Zn | .638 982 .934 .551 .786 .839 .907 .964 .930 .935 .937
U 676 648 .252 639 .530 .581 .342 .412 .246 .303 .291 .535
Th |-.888 -.865 -.842 -.834 -.893 -.946 -.821 -.787 -.625 -.785 -.725 -.795 -.490
Sbh | .712 .952 911 .653 .878 .892 .965 .990 .854 .966 .965 .967 .527 -.782
Be |-.658 -.880 -.968 -.605 ~.869 -.871 -.994 -.985 -.863 -.998 -.988 -.916 -.279 .800 -.956

H)3] ¥ gt E¥cHTable 3, Figure 4). °o]#
EAL A9 9454 Aolgd olF F9 FAES]
EREN L wYde Ao gddy,

8 A8 Alole] A #FAAE vy A
MSP2 U¥F 2iag =A1F A (Figure 4)9lA
9 GNol LGN H|& & g 5. dA Y
ANgE vas) & o Al FFe (Mg, Fe), (As,
Sc), (Mo, V, Se), (Cr, U, Ni), (8b, Co) €&
2 Zasyd. e 9289 e FHEA
()>0.85)F Eole ¥l=+ (Ni, Se), (U, Mg, Mo,
As), (Co, Sb), (Sc, V, Fe) &2 Yolfth
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Figure 4. Concentrations of the waters from the
Daeheung talc mine area. All abbrevia-
tions are in the text. Scale is logarithm

(Table 4).

AAA A ES HH(Reimann} Caritat, 1998,
Table 3)% ®|x& SP7} thEE HidM #kn
Fe, Sc, W& A|9j 3t ti 5ol 140l GNo| &3
t}. % Finland H#39 vlws] SP7F Mg, Ni,
Cr, As, V, Mo, U, Sb, SeolA ¥3t32 Fe, Mn,
Co. PbollX wsith, SP&} 34 B @< vmelXe
SP¥ Mn, Co, Ob, Zn, Ut %1 Mg, Fe, Ni,
Cr, As, Sc, V, Mo¥ &%t}

BAAL L AR A3l Atole] §3F Aoyt T
HA A Fkor} Aulgel HE A sty AloldlE 2
ol Byt AAEF ARE v ug of Ao FF
Mg. Br, Fe, (Sc. Cr), (Zn, Ni, V), (Cu, Mn,
Mo), (Se, U, Co, W, Sb) €42 Zassic
(Table 5). EIYAEHR L JFHAE Hole 94
E2(Fe, Sb, Se), (Th, Mn), (Mg, Ni, U), Co,
(As, Zn, Cu), V, (Mo, Sc) €4 4tH(Table 6).

FAAYG Asle 3 A4 viadM Adlee
A &4 ol vl A g9 didA Eshe
dl(Figure 5), °ol€ A Astse] vis] ARs7}
& B-94 vigg AR diEoz fgddt AN
A NE+ BH (Reimann Caritat, 1998)3 H]
23 FAAYG AR A4 FAAE Mg, Ni,
Cr, Sc, V., Cu, Mo, U, W, Se°lA ESt2 Fe,
Mn, Co, As, Pb, ZnolA @it} skA|q 732}
ulwd AMA FFAEFE AsE AT ¥
QAo gkt
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Table 3. Concentration of the stream waters from the Daheung talc mine area, Chungnam(in ppb)

Mg Fe Mn Ni Cr Co As Sc v Pb Zn
wspl 11,500 269 0.3 1.56 11 0.154 21.5 6.5 5.31 0.1 6.8
wsp2 9,560 202 0.1 0.61 1.8 0.108 71.8 5.0 145 0.1 0.5
avg 10,530 235.5 0.2 1.085 1'45, 0.131 46.7 » 5.5 3.38 - -
wgnl 3,060 76 0.1 0.11 0.5 0.041 0.69 8 042 0.1 0.5
wgn2 2,560 67 0.1 0.12 {05 0.042 1.04 7 0.32 0.1 4.7
avg 2,810 715 - 0.115 - 0.0415 0.865 75 0.37 - -
wmspl 5,240 120 0.1 0.34 0.6 0.063 5.87 6 0.38 .1 15
wmsp2 5,410 131 0.1 0.7 05 0.073 781 6 0.37 0.1 0.5
avg 5,325 125.5 - 0.52 0.55 0.068 6.87 6 0.375 - -
wlgnl 1.820 40 0.1 0.1 0.6 0.029 1.7 7 0.27 0.1 0.5
wlgn2 1,830 46 {0.1 0.2 0.5 0.031 11.9 6 0.24 0.1 0.5
avg 1,825 43 - 0.15 - 0.030 6.8 6.5 0.255 - -
wmsg 4,780 121 0.1 0.37 0.5 0.065 5.32 6 0.3 0.1 3.7
mwl 9,060 153 0.1 12.1 11 0.152 957 11 3.05 0.1 05
Sea
water(®) 1,290,000 2 0.2 0.56 0.3 0.02 37 0.0006 25 0.03 49
S.W.(w) 4,100 40 4 0.3 0.7 0.2 4 0004 09 3
158.W.(F) 1390 680 29 0.52 0.5 0.17 0.36 0.63 0.23 3.6

Table 3. (Continued)

Mo U Th w Au Sb Se Ag Cd Hg TI
wspl 14 2.463 {0.003 4.07 {0.002 9.32 0.7 ©2 003 02 0016
wsp2 42 1.098 {0.003 1.84 {0.002 3.63 04 02 (0.01 02 0012
avg 9.1 1.781 - 2.955 - 6.475 0.55 - - - 0.014
wegnl 0.3 0.254 {0.003 0.02 {0.002 0.34 0.3 02 005 02 0.005
wgn2 0.2 0.093 0.003 0.02 {0.002 0.04 0.2 0.2 (0.0 0.2  0.005
avg 0.25 0.174 - - - 0.19 0.25 - - -
wmspl 0.5 1.884 €0.003 0.02 {0.002 0.34 04 0.2 0.052 02 0.012
wmsp2 1.0 0.591 {0.003 0.02 {0.002 0.62 04 02 @0 0.2 0.009
avg 0.75 1.238 - - - 0.48 04 - - - 0.011
wlgnl 0.1 0.065 (0.003 {0.02 {0.002 0.41 0.3 0.2 €001 0.2 €0.005
wlgn2 0.2 0.047 <0.003 0.02 (0.002 0.41 0.3 0.2 0.36 0.2 €0.005
avg 0.15 0.056 - - - 0.41 0.3 - - - -
wmsg 0.4 0.172 £0.003 0.02 {0.002 0.35 04 0.2 <0.001 0.2  €0.005
mwl 20 7174 0.003 1.04 (0.002 3.01 09 0.2 0.07 0.2 0.071
Sea
water(*) 10 32 0.001 0.1 0,004 0.24 0.2 0.04 0.11 0.03 0.019
S.wW.(w) 5 0.04 0.1 0.03 0.1 0.2 005  0.02 0.05 0.04
S.W.(F) 0.15 0.073 0,028 0.067 001 €0.02 - 0.015

*Fe, Mn, Ni, Cr, Co, Sc, Cu, Zn data from Kim et al.(2000). w means water. wsp for average contents of surface
waters from the SP. wgn for those from GN, wmsp for those from MSP, wlgn for those from LGN, wmsg for
those from MSG and mwi for those from mine. SP, GN, MSP, LGN and MSG abbreviations are in the text. Bold
Character data is median value, from Reimann and Caritat(1998). Sea water(*) for Worldwide Sea water,
S.W.(W) for Stream water and S.W.(F) for for Stream water of Finland
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Figure 5. Comparisons of heavy metal element
contents between the mine water and
shallow groundwater(avg.) from the
Kwangcheon mine area. Scale is loga-
rithm

AEH FAAE A9 B weM (Figure 6)
EANHGL Mg, Fe, Ni, Cr, Co, V, U 5 B& ¢
ZolA gt ol B Aolg) old] wE -
A Azurgel AolE Ho Fx Aoz Hddr
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Figure 6. Comparisons of heavy metal element
contents between the mine waters from
the Kwangcheon(KC) and Dae-
heung(DH) mine areas. Scale is loga-
rithm

Table 7o vehd wis} 2o} ANHOZ YE B
3 MM E SPY GN Alole] 94 e Aolrt
St

A8 292 A9 Mg vl(=Mg/((Mg+Fe)*100)
A SP A9 PF 70.42 GNe| 14.89) v #
o}t A}o]E BY1 Ni, Cr, Co, As2 FuldllA &
A W Hx9 xol2 ok, AT Mn, Sc, V,
Cu, Pb, Zn2 GNeo| SPdi| ujs} F=uie] z}ol2 ¥
stk ol F X¥e] FARE o] L FHARE W
o] JE zpol2 AHo] sbditt. & 2FVIEY A
o9& Mg. Ni, Cr 5ol F53 34, AHE4A, €4,
FEE 9 Vel o3} B8 Fo] $AH% W, GN A
gL Fe, Sv, V 50| 5% Z&x, 44 ¢ o
AZE ol $AF Agolr] ok, W FA
2 fFRA G Alole] Mg Aol WAL Aeol, & A

Table 4. Calculated Pearson Correlation coefficent for the stream waters from Daeheung Talc mine

Mg Fe Ni Co As Sc % Mo U Sb
Mg
Fe .956
Ni 539 275
Co .959 .838 158
As 511 .242 .999 132
Sc .228 -.053  .920 .486 .932
v .931 .831 .630 .940 611 .385
Mo 182 .567 929 921 920 762 872
U .662 418 .982 .841 .975 .853 724 962
Sh .891 .893 .297 798 274 .019 .927 628 422
Se 794 591 .928 .928 915 115 .813 972 .964 .565
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Table 5. Concentration of the shallow ground-and mine-waters from the Kwangcheon mine area,
chungnam(in ppb)

Mg Fe Mn Ni Cr Co As Sc \Y Cu Pb Zn Mo

sgl | 8695 26 064 324 55 0065 060 372 35 0408 106 0.13
sg2 32,231 23 069 096 7.8 0.050 0.85 197 1.3 0609 38 131
sg3 18,356 31 175 82 7.2 0.170 0.79 247 0.7 0237 25 045
sgd (20,221 29 159 152 7.0 0.177 0.72 2.73 4.0 503 12 017
mwb |50,586 288 878 430 57 1103 213 15.3 167 7.408 1,015 0.57

U Th W Au Sb Se PBr Cs Ag Cd Hg T1

sgl [0.381 0.005 0.02 <0.002 0.084 0.2 76 0.043 <0.1 <0.01 (0.2 <0.005
sg2 |0.117 0.005 0.26 <0.002 0.127 0.3 75 0.204 <0.1 <0.01 (0.2 <0.005
sg3 |0.260 0.007 0.03 <(0.002 0.128 0.2 77 0.015 <0.1 <0.01 (0.2 <0.005
sg4 |0.153 0.005 0.01 <0.002 0.058 0.3 99 0.002 <0.1 <0.01 (0.2 <0.005
mw5|219.7 004 0.07 <0.002 0480 15 37 0.190 <0.1 <0.01 (0.2 <0.005

*sg for shallow groundwater({50m depth) from adjacent Kwangcheon mine area. mw for mine water

(oo o BEN BN (IR |

<, @439 olof o7 EF Vo A7 BE BE Aol § FAFE o A o2 o] 7t
24 Aol 2 A o] 7He3let. ek

2] A9 Mg ul(=Mg/((Mg+Fe)*100)°1A olg APAE ARUEAL 9 FAFTHTA
SP X9 ®WH 79.52 GN9 29.39) uisf Ak (Taylor, 1997, 1982: Taylor and MclLennan,
A}olE& B Ni, Cr, Co, AsollA FullolA 4 1981) ¢ ¥uPE o XAVELEL ¢ 2
v Axe] el Egkem Mn, Sc, V. Cu, Pb, Mg, Ni, Cr, Co 32 B3 #H4e A AA
Zn& GNo| SPell vl&] 9] 2ol 2 w4t ole LaEF HYd =AUt
Ay E%e AN F dEF Alelef +4

Table 6. Calculated Pearson correlation coefficent for the ground and mine waters from Kwangcheon
mine area

Mg Fe Mn Ni Cr Co As Sc V Cu Pb Z2n Mo U Th W Sb

Fe | .848

Mn | .854 1.000

Ni | .851 1.000 1.000

Cr |-.039 -.529 -.527 -.528

Co | .854 1.000 1.000 1.000 -.527

As | 915 988 989 .989 -399 .989

Sc | .071 515 497 502 -.680 .497 407

\% 793 994 994 994 -619 994 966 .555

Cu | .849 .999 1.000 1.000 -.537 1.000 .987 .505 .995

Pb | 698 798 794 789 -364 .794 .775 .627 .78 .801

7Zn | .810 994 995 995-.604 995 971 519 .999 .99 .775

Mo | .505 .035 .051 .047 606 .051 .172 -.814 -.039 .039 -.186 .001

u 853 1.000 1.000 1.000 -.528 1.000 989 497 994 1000 .793 995 .051

Th | .850 .999 998 999 -516 .998 990 .508 991 998 .779 .992 .047 .998

W | 403 -.063 -.044 -.050 .562 -.044 .061 -.882 -.120 -.052 -.237 -.079 .973 -.044 -.058

Sh | .882 .984 985 986 -446 985 991 393 968 982 .698 974 .173 .985 .989 .060
Be | .886 .995 996 .995-478 .996 991 .462 .984 996 .824 .987 .094 996 .992 .004 978
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Table 7. Heavy metal contents of the top soil and host rock from Daeheung talc mine area(ppm excep
Mn, Fe, and Mg(wt %))

Type Area S. Num Mg Fe Mn Ni Cr Co

dspl 7.48 5.29° 0.069 734 687 69

Daeheung dsp2 8.14 4.96 0.066 1,006 661 63

sp dsp3 9.55 ' 3.46 0034 1376 336 73

Kwangcheon kspl 12.55 3.13 0.066 1,430 662 62

Soil ‘ ksp2 10.97 365 0078 1420 781 8
Avg. - 9.74 409 0063 11,1932 6250 704

Daeheung dgnl 0.75 4.26 0.063 43 50 16

GN  Kwangcheon dgnl 0.76 443 0.095 57 6l 24

Avg. ‘ - 0.755 4.35 0079 50.0 55.5 20

Dacheung rdspl 25.29 7.69 0.150 1,382 1257 67

rdsp2 19.27 387 0.049 1,257 939 46

SP K wangcheon rkspl  22.77 6.12 0.053 2,067 2059 115

Rock rksp2 23.28 566 0072 = 2648 @ 2259 100

Avg. 22.65 584 0081 18385 16285 82

Daeheung  rdgnl 2.763 5.36 0.106 4 52 22

GN  Kwangcheon rdks2 0.462 242 0.053 » 8 9 5

» Avg. 1.613 3.89 0.080 26.0 30.5 135

Upper Continental Crust* 1.32 35 0.06 20 35 10

Bulk Crust* 2.10 5.83 0.11 30 55 25

Table 7. (Continued)

Type Area S. Num As Sc \% Cu Pb Zn Mg ratio
dspl 171 11 50 37 36 100 58.6
Daeheung dsp2 10 37 40 21 45 62.1
Sp dsp3 71 6 18 22 13 55 734
Kwangcheon kspl 9 4 13 6 3 37 80.0
Soil ksp2 10 5 .26 49 42 75.0
Avg. , 54.2 72 288 279 164 55.8 704
Daeheung dgnl 29 8 47 21 14 76 149
GN  Kwangcheon  dgnl 17 7 106 65 40 90 146
Avg. 23.0 7.5 76.0 43.0 27.0 83.0 14.8
Dacheung rdspl 7 11 61 5 11 66 76.7
rdsp2 4 7 - 30 6 6 40 83.3
SP Kwangcheon rkspl 5 5 14 9 10 41 78.8
Rock rksp2 5 3 8 10 8 46 804
Avg, , 5.3 6.5 283 15 88 483 795
Daeheung rdgnl 2 18 40 61 25 89 34.0
GN  Kwangcheon rdks2 1.5 4 32 41 18 57 16.0
Avg. 1.8 11.0 36.0 51.0 215 73.0 293
Upper Continental Crust* 1.5 11 60 25 20 71 274
Bulk Crust* 30 175 60 - - 26.5

* Mg ratios=Mg/(Mg+Fe)*100. Upper Continental Crust and Bulk Crust data from Taylor(1977), (1982),
and Taylor and McLennan(1981)
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Figure 7. Comparisons between stream sedi-
ments and waters from the Daeheung
talc mine area. All elements are in
ppm. Stream sediments( ¢ ) and
waters( = ). All abbreviations are in the
text. Scale is logarithm
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As, V, U, Sbe E3ttH(Tables 1, 3).
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Figure 8. Comparisons among compositions or
rock, soil and waters for the
Daeheung(A) and Kwangcheon(B) mine
areas. Fe, and Mg are wt % and the other
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