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A geochemical study on the metal contamination of groundwater in Taegu City
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The quality of groundwater in the central part of Taegu City is influenced by upstreams
of Sin-stream and Beomeo-stream because the stream waters are main source of the
groundwater, and chemical composition of the upstream waters has close relationship
with andesite and monzonite in the igneous rock terrain.

The pH of upstreams are weak acid ~ neutral in the igneous rock area and weak
alkaline in the sedimentary rock area. Contents of Ca™ and Mg* in the streams are
" apparently high, and Na* content is only slightly high in the sedimentary rock area. But
K* content is lower in the Panyaweol formation area than in the monzonite area. The
contents of heavy metals and NO:~ are also higher in the sedimentary rock area of

residential sections and industrial complexes than those in the igneous rock area.

The groundwater is contaminated in comparison to the upstream water of the igneous
rock areas, and there are some differences in pollution level between the Panyaweol
formation area of residential sections and the Haman formation area of industrial
complexes. K, Na, Ca, Mg, Cl, SO« and NO: contents in the Haman formation area are
relatively higher than those in the Panyaweol formation area. But pH is nearly equal in
the two areas. The content of heavy metal ions is still lower than the drinking water
standard of Korea and only slightly differs in the two sedimentary rock areas. But the
groundwater in the Haman formation area is considerably contaminated by Kongdan-

stream and Dalseo-stream:
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Geological and hydrogeological map of Taegu City.
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Map showing the sampling points of streams and groundwaters.
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Table 1 Chemical analyses of rocks in the study area.

a) major elements

unit : %, ( ) average

Rock Ca Mg K Na
Andesite 1.77-1.81 0.42 1.67-1.63 1.16-1.18
(1.79) (0.42) (1.59) (1.17)
Monzonite 1.67-2.22 0.78-0.89 1.45-1.54 1.57-1.59
(1.93) {0.83) (1.5 (1.58)
Granite 1.08-1.17 0.27-0.36 1.54-1.63 1.22-1.44
(1.12) 0.31) (1.58) (1.38)
Haman- 5.13-5.23 2.64-2.67 1.17-1.19 0.90-0.02
formation 5.17) (2.65) {(1.18) {0.91)
Panyaweol- 0.12-10.87 0.18 1.49-1.53 1.81-1.83
formation (7.05) (0.16) (1.51) (1.82)
Hornfels 4.58-4.64 3.07-3.09 1.17-1.19 1.91-1.93
(4.61) (3.08) 0.27) (1.82)
b) trace elements unit: %, ( ) :average
Rock Cu Pb Zn Ni Co
Andesite 5-15 14-33 26-29 7-8 7
(7) {22) (28) @8 {7
Monzonite 5-16 <5 29-31 9-14. 10
) {<5) (30) (12) 10)
Granite 3-8 23-24 55-57 4-7 56
() (28) {56) (5) (5)
Haman- 83-93 5-21 103-105 47-50 18
formation (89) (14) (104) (49) (18)
Panyaweol- 5 <5 46-47 5-6 3
formation (5) («5) (46) (5) 3
Hornfels 83-93 5-21 103-106 47-50 18
(89) (14) (104) (49) (18)
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Table 2 Chemical analyses of upstream waters in the study area.

a) major elements

unit © ppm, ( ) :average

Area Ca Mg K Na pH Eh
Andesite 5.32-6.35 2.45-3.78 0.92-1.87 5.97-7.11 6.22 027
5.72) 293 (1.30) (6.56)

Monzonite 3.14-6.89 2.27-3.24 0.97-2.69 4.11-9.51 6.85 0.23
(5.74) (2.88) (1.60) (6.35)

Granite 3.71-5.68 2.32-3.71 0.56-2.63 3.49-7.58 7.05 0.28
(4.38) 2.87) (1.28) (5.43)

Harman 29.39-30.08 7.79-13.89 3.60-5.20 10.96-12.74 8.65 0.31

formation (29.70) (11.70) (4.64) (11.90)
Panyaweol 42.70-46.23 17.70-19.70 1.36-1.68 4.81-8.24 797 0.22
formation (44.30) (18.80) (1.49) (6.66)
Hornfels 34.17-39.18 11.28-12.32 0.88-1.07 8.49-9.96 7.49 0.21
(36.30) (11.83) 0.97) ©9.12)
Fresh water” 15 4.1 23 6.3
WHO? 200 150 200
b) trace elements unit - ppb, ( ) :average
Area Cu Pb Zn Ni Co Cd Mn Fe
Andesite 1 ND 25-33 8-10 3-6 1-7 1-17 15-43
(29) ® (3) () (6 (33)
Monzonite ND ND 12-34 5-7 4-10 1 ND 11-41
' {20) (6) @ {20
Granite NI_D - ND 12-27 3-8 4-10 2-3 2-4 12-20
_ ' (18) @ ©) @ @ (15)
Haman 8-12 - 826 30-84 5-12 . 16-19 5-14 19-39 20-70
formation (10) (11) (60) 8 (14) 9 (27) (40)
Panyaweol 5-13 5-11 27-109 412 2-20 3-5 28-110 40-50
ormation 8 (6) (59) @) 4 @ (68) (46)
Hornfels ND ND 9-12 1-13 ND 12 19-58 | 2040
(10) {7) @ (42) {30)
Fresh water” 3 3 20 1.5 01 0.032 15 100
WHO # 1 0.05 5 0.005 0.1 0.3
Karea ® <1 <01 <1 <0.01 <0.3 <0.3

1) average abundances cited by Turekian(1977)}unit : ppb)

2) world health organization standard(unit : ppm)

3) drinking water standard of Korea(unit : ppm)
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Fig.3 Eh-pH diagrams for streams and groundwaters in Taegu City.

Symbols : In shaded portion, stream water from andesite(<>), monzonite)), granite(Q),

and Panyaweol( +) and Haman formation( * )
© stream water from Sin-stream{ A ),
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Fig.4 Triangle diagram of chemical element contents in rocks and upstreams.
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Symbols are the same as those used in Fig. 3.
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Table 3 Aqueous species of trace elements.

Element Agueous species
Copper Cu®, Cu(OH)z, CuHCOs* CuCls*, CuClz
Lead Pb?, PbCOs®, PH{OH), Pb{OH)2", soluble organic matter, complexes with CI- and HCOs™
Zinc Zn™, Zn(OH), soluble organic complexes, floating live organisms
Nickel Ni
Cobalt Co™, organic complexes
Cadmium Cd, CdOH)*, CAHCOs*

(Sverdrup and Warfvinge, 1988: Goldich.
1938: Harriss and Adams, 1966). 221
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Table 4 Chemical analyses of polluted downstream waters, Taegu city.
a) major elements unit - ppm, ( ): average
Stream K Na Ca Mg NOz -N NHa-N
Sin stream 6.46-16.19 | 31.46-76.90 | 12.01-67.19 [ 5.59-1243 3.0-34.3 0118
(11.65) (59.10) (32.70) (8.80) (15.5) 0.64)
Beomeo stream 12061700 | 7626204 | 26993722 | 559-12.43 12.3-14.7 0.1-03
(14.24) (38.27) (31.70) 877 (13.3) (0.16)
Daemyong stream | 13.84-1515 | 65487021 | 37.63-62.08 | 9.18-11.84 17.6-19.6 0.1-03
(14.50) {67.90) (46.26) (10.26) (17.4) (0.18)
Gongdan stream | 10.23-15.02 | 75.26-152.1 | 25.46-69-51 | 6.62-39.03 5.6-41.4 0.1-04
(13.09) (110.32) (39.70) (14.97) (27.3) 0.3)
Dalseo stream 14371860 | 77.02-12020 | 10.28-38.20 | 9.12-10.83 14.6-17.0 0.1
(16.43) {101.80) £5.06) (9.80) (15.5) ©.1)
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-b) trace elements

A At 34 290 g AEA g7

unit : ppb, ( ) : average

Stream Cu Pb n Ni Co Cd Mn Fe
Sin stream ND ND-5 53-173 7-80 11-29 4-6 210-390 6-29
(1 " (98) (24) (18) &) {286) (7
Beomeo stream ND ND 47-65 3-14 1-13 ND-3 150-184 6-9
' (58) (% ® @ (171) ]
Daemyong stream ND ‘ND 57-202 ND-8 1-20 3-4 130-170 6-21
(118) @) () ) (145) (14)
Kongdan stream ND-22 ND-32 118-337 24-90 ND-29 4-7 78-310 8-52
(12) @) (180) (44) an ©) (152) (26)
Dalseo stream ND-80 ND 48-210 8-44 5-19 3-9 120-320 7-47
(26) (112) (19) (12) () (190) (21)
- " 100 F =
pPb [ o
1 g . b . .
= f ot : )
AN " wEm " . .
L. . Ni owof A M
= : .%o« E
0.0 E gog rJ L] E o ¥
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[:X]] 1 1 0 ! ; I‘IIU p;b
NOy—-N Co
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100 £ L Rl o' .o,
? . . + b . . &.:
Mn w0l ¢ cd . o .o . .
] 1o weo ©
1 ;" & o B L ]
1 2 ppb 100 10 Zn ' L
ppm pED *
¢ 10 F .,
Mg L I .
fo ¢ . wrx | Pb ) .
a ° ‘ TE 6 :i A
] & Bo s LI
B AP | L °‘ i
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T - Ppb
* * ‘ﬁ! . ' '
10 F oo 10k .,
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M 1r L e
1F e : ¢ " = )
- ‘Io ‘an = u;o 1 Cu 10 peb

Fig.6

Symbols are the same as those used in Fig. 3.
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Comparison of chemical element contents between upstreams and polluted downstreams.
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Fig. 7 Comparison of contents between upstreams of igneous rocks and groundwaters.
Symbols are the same as those used in Fig. 3.
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Table 5 Chemical analyses of groundwater from the downtown of Taegu City.

a) major elements

No| Site Depth pH Eh Na K Ca Mg Cl S04 NO3
1 |Dusan E 95m 7.45 0.22 15.66 1.93 44.24 12.89 356 34.8 0.5
2 | Dagbong E[ 131m 7.82 0.19 17.09 1.27 37.24 18.35 50.8 304 3.1
3 |Susung E| 130m 7.67 0.29 5.56 1.45 9.53 272 7.2 20.7 08
4 | KungilH 120m 7.48 0.22 13.24 5.64 45.27 19.08 40.9 471 0.2
5 | Jungri E 131m 7.83 017 36.15 4.67 60.62 24.01 33.8 49.7 6.95
6 |DaemyeonE| 131m 7.4 0.27 7.72 3.61 23.16 11.66 15.97 349 2
8 |GunamH| 130m 7.28 0.18 38.9 1.59 86.58 27.57 75.5 82.05 2.95
9 |TaeguE 130m 7.67 0.7 22.06 2.54 35.34 9.63 725 56.67 1.2
11| Borri E 131m 7.95 0.21 9 1.76 27.53 16.2 30.9 113.7 1.35
13 | Kyungsang E|  115m 7.65 017 19.47 1.43 81.54 23.24 84.1 57.4 1.3
14 | NamsanE| 131m 772 0.18 34.94 1.96 93.2 31.98 111.9 70.3 1.6
23 (DonginE | 130m 713 0.18 26.15 9.63 37.73 7.49 37.3 46.3 171
Range of average 713 0.17- 5.56- 1.27- 9.53- 2.72- 7.2- 20.7- 0.2-
Panyaweol formation 7.95 0.29 3890 9.63 93.20 31.98 137.2 1137 17.1
(Total average) (7.59) (0.20) | (20.50) (3.1.2) (48.50) | (16.58) (49.71 (53.67 (3.25
No|  Site Depth pH Eh ~ Na K Ca Mg Cl S0s NOz
7 |DongsanE[  130m 7.37 0.21 17.08 1.91 64.08 25.77 62.8 58 3.1
10 [ Bangchon E|  112m 7 0.21 13.35 5.54 331 9.37 21.7 67.03 22
12 | Beomeo E| 135m 7.63 0.21 22.09 1.69 57.81 17.56 39.3 45.2 6.8
15 Duksung.E 130m 7.48 0.21 21.39 2.28 91.04 30.17 75.5 48.03 12,3
16 | KyungsangH | 130m 7.06 0.2 23.25 2.1 64.78 26.38 64.07 304 6.1
17 | Sinam E 130m 6.87 0.26 65.26 10.39 62.71 18.96 88.47 64.97 25.2
181 Inji E 132m 7.43 0.19 2547 1.93 87.19 27.6 137.2 48.6 4.3
19| Yihyun E 130m 76 0.19 27.36 2.1 70.07 34.56 99.5 152.6 5.6
20 | Ayang E 130m 75 0.21 46.41 275 34 9.03 41 116.7 4.8
21 8SinamM | 130m 713 0.19 31.32 277 56.72 18.71 42.8 47.5 34
22 |DalsanE | 130m 7.33 02 34.89 4.84 75.33 21.03 497 97.3 4
24 | Bokhyun M| 130m 7.73 0.19 22,71 3.01 64.58 27.5 59.7 494 24
25 | PyungriE| 130m 7.35 0.19 24.52 3.62 54.08 31.87 71 56.8 2.6
Range of average 6.87- 0.19- 13.35- 1.91- 33.10- 9.03-| 21.70- 30.4- 2.2-
Harnan formation 7.73 0.26 65.26 10.39 91.04 3456 | 137.20 152.60 12.3
(Total average) (7.34) 0.20) (28.85) (3.46) 62.73 (22.89) | (65.60 (67.89 (6.37
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26 factory 8.0 0.18 78.89 2.26 87.26 29.37 56.61 19.54 436
p 1 ‘

27 factory 75 0.18 10.84 3.49 20.40 6.29 470 19.54 1.44
p. 2

28 dyeing 75 0.20 63.28 1.79 86.8 19.87 20.04 31.04 0.54
p.2 .

29  dyeing 7.3 0.24 98.12 2.31 154.21 28.04 23.65 33.54 0.47
p. 1

Range of average 7.3 0.18- 10.84- | 1.79 20.40- 6.29- 4.70 15.54 0.4-

industry area 8.0 0.24 98.12 -3.49 | 154.21 20.37 -56.61 33.54 4.36

(Average) (7.6) (0.20)

E = elementary school, M = middle school, H = high school

b) trace elements unit: ppm

No Cu Pb Zn Ni Co Cd Mn Fe HCOs
1 0.016 0.060 0.520 0.031 0.0086 0.003 0.050 ND 89.1
2 0.014 0.049 0.089 0.035 0.0114 0.004 . 0.047 0.016 384
3 0.007 0.038 0.181 0.025 0.0077 0.003 0.034 0.017 40.3
4 0.008 0.044 0.991 0.034 0.0092 0.004 0.025 ND 90.3
5 0.007 0.036 0.036 0.042 0.0055 0.005 0.036 ND 150.7
6 0.007 0.050 0.082 0.01 0.0064 0.008 0.004 ND - -
8 0.001 0.029 0.019 0.006 0.0087 "ND 0.069 0.022 134.2
9 0.003 0.033 0.013 - 0,032 0.0075 0.004 0.027 0.017 -
11 ND 0.032 0.038 0.021 0.0078 0.001 0.018 0.025 89.1
13 ND 0.020 0.072 0.029 0.0037 0.002 0.043 0.021 93.9
14 0.001 0.046 0.223 0.038 0.0085 0.001 0.040 0.011 30.6
23 0.009 0.036 0.066 0.017 0.0094 0.003 0.034 ND 36.0

average 0.006 0.039 0.194 0.027 0.008 0.003 0.035 0.011 66.8
No Cu Pb Zn Ni Co Cd Mn Fe HCOs
7 0.005 0.034 0.166 0.038 0.0079 0.003 0.016 0.022 130.5
10 0.001 0.027 0.030 0.022 0.0086 0.006 0.005 0.022 32.3
12 0.003 0.019 0.064 0.022 0.0141 0.002 0.046 0.024 921
15 0.002 0.043 0.027 0.007 0.0177 0.004 0.034 0.022 111.0
16 0.011 0.041 0.070 0.042 0.0145 0.003 0.029 0.038 114.7
17 ND 0.032 0.655 0.015 0.0078 0.001 0.046 0.027 159.8
18 0.004 0.030 0.043 0.026 0.0122 0.005 0.039 0.016 140.3
19 0.003 0.037 0.024 0.017 0.0047 0.002 0.043 ND 157.4
20 0.007 0.039 0.031 0.012 0.0093 0.007 0.016 ND 96.4
21 0.004 0.029 0.109 0.015 0.0079 ND 0.021 ND 96.4
22 0.006 0.028 0.038 0.022 0.0069 0.002 0.040 0.044 158.6
24 0.014 0.050 0.032 0.019 0.0036 0.005 0.046 ND 133.0
25 ND 0.032 0.456 0.022 0.0031 0.002 0.047 0.020 100.0

average 0.005 0.034 0.133 0.021 0.009 0.003 0.033 0.018 116.9.
26 0.09 0.13 0.07 0.09 nd 0.03 0.09 0.07 93.3
27 0.11 0.15 0.14 nd 0.04 0.03 0.05 0.09 18.3
28 0.09 0.14 0.08 nd nd 0.03 0.13 0.1 123.5
29 0.09 0.16 0.83 0.06 0.08 0.04 0.1 0.11 110.5

average. 0.095 0.145 0.27 0.037 0.03 0.03 0.095 0.095 86.3

Samples of Nos. 26-29 from industry area are in Haman formation.
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E o AR FRAM sHEEFLE(No.3, 2,
23, 17, 22) X8y 2 ¥aE B9 Table
5-ac)Aq Re ulst #o] Na, K, Ca, Mg &
F& dAZ FRAN B} dFolA FolAle
AFS Hojd), ol 53 At A&}
ool gElEE AR Azpact @3 F1 2
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njerit}, digE dAdo] FAe vA e dFS
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& B APdA WA dig) Zo] ItFET)
Ca®t Mg@e] ETH(Table 1).
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o Wiz HyH B M E(Reid and Mc-
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gZo g AZEtHCherry, 1984). e A4
79 £34, d5ze] ¢E 5o v wHEA
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SHEXY U vlojelE x[5i4:

nud29 28349 Y Ads5e 1834
o o] R a4l vlale] 4] A ol
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e o ol ¥ dt.

2 oo Addl ddd & No.2% 23, 2
23 W o) 9 Ad5EH No.9sh 13& 4ld
Bo] 71 442 MadEY Na geke 274
A Bolut Azle EAd) vEld KEFL =
3w Cash Mg e 2e A3E Hol
e, ol AR AFEGE odd AP 9
g ol W) WRolth, Cash Mgdl #33
= No.9%t 13 Aat44 DIANE B % &
U, o|AX A8 Ade g HEle Azle WA
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NOs, SO&, Clghgs A4 2133 No.2,
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ngEas dae gese ¢ay A3
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ol AAE & o8 o9 122la FAE A
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o, AF7), oA ME &

FETe] FEF AR 3o 2 SR
Fetae] S i) WEe] ohdr} AzEn.
Ca, Mg@¥4e B39 Asa7t wolds
9o NepHt g A%E Holed MgdEFe
FMe] G dAsh CaBde ELA g
A ol Age A3 RN 4 A
Foohdee) @3 9zl He g Hela
Qqonz ke AspeelX Ca, Mg Tl
A vehdes A2 a7 s ¢ 24
57] HUE #t5o] Wl SR AgHeR
G Ao 917] wiFol uwtopdFe] g B
2 A0 AZEHY vl oA & vholdF
e Qe dEE wE AeZ A4
th, w7 HAZY Aok £AL e
A Aste T wet fildol
asojol Ha AARD FEE HAdAE A
= £A9 vart 488 Aes A7
NOs, SO, ClI'e 74 F948 npirA 2
gropgdZolA Mo Fekd Alstrold wA
Ehted ol FHAY g FRANIL F2 &
HEA el 2R 7] WEoR AzhEn,
n@gaddie Fdide iz vopd
% Er} oA @A dehded ol R
Adoz 25s A 4 F2d {2 239
A 9 AAgA 279 W s)dHe Ao
AR 2 2 9 HYdRe 442 '

2

2]
IS

of AASE A WA AL A Hd
HEA JEE W) WiEd FEsdce A
2 it sl x|a2 BE AAE £ A
th.

HCOs2t Ca &=kl A

HCOs ke gutd o Ca I3y 4T
BAE 7R Ed 2 o Asise A4 2 &

- 7h 9@ B8 Bolvt Table 69 ©l3HA

HCOs 7} 130ppmelde] He Asrid s =
F 80 oF 6707 §RFEA R AR B
Ca &% 60ppmeo]del Hed HCOs7L
40ppmeldte] A&tsd Slle B deld S
9x38ta, Ca %S No.14 Ask5H-& A9 st
1 B F 40ppmeo|dtoltt, jx EetFel 4
71 67 XEEEE e ol E Askea
T5 FAZA G § x| gt

ol’gel AldolM RE FHIAY AdrY
Ca¥tFe 29 AT Bite ¥
BAES & & ik aElm AFe] we Zd
Qe Fotzel AdErt woldEETE =&
Ca$t HCOy g Holn] 2 AFoME 1
AzRy 3709 Adee f5ol 2 HE
1EZoR WEH AFe Ash4rt HCOs ¢
Ca &¥o] w2 A4S Bt

Table 6 Comparison of HCOs and Ca contents in groundwaters. unit - ppm
Element 5 8 7 19 18 17 22 24
HCOq (>130ppm) 150.7 134.2 130.5 157.4 140.3 159.8 158.6 133.0
Ca (> 60ppm) 60.6 86.6 64.1 701 87.2 62.7 75.3 64.6
formation p p il h ha ha ha ha

2 3 10 14 23 h=Haman formation
HCOs {«40ppm) 384 40.3 32.3 39.6 36.0 p=Panyaweol formation
Ca (<40ppm) 37.2 9.5 331 93.2 377 ha/pa=alluvium area
formation pa pa pa pa- pa of Haman / Panyaweol formation
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UFA Adeel B4 2del E Az g

Aot wE2| AMA s

A FHe AdE W5E dolrs] Y3t
o 3& F4e 29, 99 293 v2& 34
av 29, T8, 999 24 AFEAe vx
HESRH, B8 Aslg +4L AE5FAY &
Fo ofste] APHes 2 JFL WxE Yo
U B dorlz o] 2aky stdEe o
A9 deA B 9 Zd QA4 g A
HA o] v 9oy, 4 $hdxEe X
E59 {50 Fee 3329 45 e
PP, F39 5549 21, FHA 9 33
Aol eAzte] ala AeHg: AMgFe] T
o W2 AEF 7%

Agtpe] FEL AAE Jgg uA 9 Aoz
Az,

371 234 g AdF de gl
T oy Za sHos Ree 92, xAzA
of theted FAL9) AMA WEE B ohea)
2t} (Table 7).

4} 3% 44 F M B84 Mge ¢}
2 Y2 vgle] $70 AEE 3 Fuko] 7}
A s Asieels 1 g3kl 43 & vk
gt & QoMe A9 BE AaAdn 2d

o

=
-J—‘j-l__.

%o U Az ue}

Table 7 Content ratio of groundwater(Sep/Feb)
a) Groundwater near Sin-stream and Keumho-river.

o sl 9o ZHaso) ehdrl Cag dig
F AAlel Bo] #iso] U7l B $7)o &
Aoz 502 RE 47 2394 =
E Mg?E Z484E Hola ¢tk Na, K
- W53 F447) opug Ca¥th: 9%
o Agled @ Wddet SOFE WEA9) 3
Fo& Ao Qg g9 2avt 4 ¢
B Agol A= CIETh 840] A8 Aot}

AR /37 Q5o E A3 1070
A & 5718 (No.10, 20, 3, 17. 22)0] $7)e]
TF5712 A9 Na, K. Ca, Mg kol
ARAA) =e 95 (F37 248 Ao
LElta glont A4y ghe] x)alg (et
4 No.7. 12! Wk ZoH No.9, 13)&
Mgs Agstiis ¥ 93 st 2iae

Ao & 4 o8 939 oRlel $elE B
Aot 4 QHFAE FREel Ak 2

22 A% PolUz}l e wde] xE
o #5% 4834 4= Az Y=y
(Table 7-a, b)

TR F7 ek @z HxE o
Fgo2A = 343 No.49 No.6oA o}
E 7 el 4 AdeR e Mg $32)

Stream/river No Na K Ca Mg Cl 804
Sin-stream 3 0.63 0.64 0.88 0.50 0.77 0.98
17 0.05 0.15 0.22 0.15 0.04 0.98
22 Q.5 0.31 0.54 0.92 1.1 0.92

2 1.4 0.81 1.3 068 - 1.1 791

23 1.3 1.1 14 0.99 1.0 1.1

Keumnho-river 10 0.83 057 1.0 0.84 0.99 14
20 0.12 1.5 1.1 0.78 0.31 0.77

16 1.6 0.65 1.1 063 1.2 1.2

21 1.3 19 0.94 0.54 0.76 1.0
24 1.2 0.80 1.3 0.60 0.99 0.89
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b) Groundwater of Sin-stream.

Formation No. Na K Ca Mg *h S04
Harnan 7 1.5 14 1.7 067 1.0 0.86
12 1.1 1.2 1.1 0.61 0.92 0.82
Panyaweol 9 1.1 1.8 0.55 0.44 0.14 0.44
13 1.2 1.0 1.1 0.61 1.0 0.89
¢) Groundwater near andesite.
[Formation No. Na K Ca Mg Cl S04
Panyaweol 4 0.66 097 0.98 0.66 0.94 0.89
6 0.75 0.67 0.73 074 1.3 0.68
d) Groundwater of residential and industry area.
Area No. Na K Ca Mg cl S04~
residence 13 1.2 1.0 1.1 0.61 1.0 0.89
14 1.2 0.56 1.2 0.67 0.98 0.96
industry 18 1.5 0.90 0.5 071 0.98 28.2
g5l Na o] 448 2ol chim 7ol A Asfiel BH4E Fn A%eed TH
ohston BE Na dtio] e AEFe % o He 4R A7 A zAd FHRE F

o

o golog Fgo] vo} A Aoz HAHT
(Table 7-c). No.13. 149 No.183t] Hol=
Fakxtol No.18& SGAIUY o] opdrt

A7bgcH(Table 7-d).
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