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Hydrogeochemistry of Supply Water in the Daedeok Campus
of Chungnam National University, Korea

Chan Hee Lee*, Hyun Koo Lee* and Jong Chang Lee*

ABSTRACT : This study was undertaken to evaluate the drinking water quality based on physicochemical prop-
erties and chemical compositions of the supply water in the Daedeok Campus, and to verify the analytical
reliabilities of ICP-MS and IC equipped in the Central Research Facilities at Chungnam National University,
Korea. The supply water belongs to Ca?*-(HCO, +S0,%) type, whereas the original water from the Dae-
cheong lake belongs to (Ca**+Mg®*)-HCO;™ type. Generally, temperature (14.1°C), pH (6.95), Eh (0 mV),
electrical conductivity (117 puS/cm) and TDS (86.975 mg/l) of supply water were higher than those of origi-
nal lake water. Results using WATEQA4F revealed that potentially toxic ions of the supply water might exist
mainly as free metals (M?*) and a small amount as CO;2~ and OH™ complexes. Also, the water composition
belongs to the kaolinite field. Calculated average enrichment indies of the supply water normalized to lake
water for anions, major cations, toxic cations and total ions are 1.05, 1.56, 13.05 and 1.17, respectively.
Those values of the groundwater in the Daedeok Campus showed 1.71, 4.78, 5.71 and 2.49, respectively.
However, contents of all constituents of these waters are within the drinking water standard. All samples
were filtered before the chemical analysis. Pale yellow or yellowish brown colored materials of colloidal par-
ticles coated the filter paper to thicknesses of 0.02 to 0.2 mm. These are mainly Fe-Cu-Zn compounds with
traces of Ni and Pb, the net weights of which compounds range from 0.01 to 3.20 mg/l. Most elements did
not show any conceivable filtering effect except of Cu, Fe and Zn. Especially, mean concentration of total Fe
decreased considerably from 168.52 pg/l to 42.58 g/l by filtering.
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Ag. 1. Sample locations in the Daedeok Campus of Chungnam National University, Korea.
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Table 1. Instrumental detection limits and calibration lines for water sample of ICP-MS and IC analysis of the Central
Research Facilities at Chungnam National University.

cations standard 1 standard 2 standard 3 slope R SD* of IDL**
(1 ppb) (10 ppb) (100 ppb) blank (ppb)

Al 16040.0 899422 843404.0 84403 0.9999 5314 0.1889
Ag 251370 244790.0 2442400.0 24424.6 1.0000 13.5 0.0017
As 7124.3 70733.3 703320.0 7033.6 1.0000 37.2 0.0159
Ba 374154 341108.0 3679080.0 36764.4 0.9999 674.4 0.0550
Be 497.0 4966.7 50358.3 503.5 0.9999 6.0 0.0359
Bi 62872.9 608206.0 6429160.0 64257.1 0.9999 164 0.0008
Ca 1400.9 3981.2 71731.5 714.2 0.9970 1371.5 5.7607
Cd 12424.6 119149.0 1205650.0 12055.1 0.9999 15.6 0.0039
Co 27116.4 25978.0 2755660.0 27540.9 0.9999 26.3 0.0029
Cr 12018.6 164147.0 2340070.0 233304 0.9995 219.0 0.0282
Cs 53949.7 507838.0 5421570.0 54181.7 0.9999 134 0.0007
Cu 14287.1 129498.0 1263430.0 12637.6 0.9999 36.0 0.0085
Fe 373.8 5938.6 67069.4 669.9 0.9999 122.9 0.5508
Ga 27336.6 259073.0 2745650.0 274412 0.9999 95.5 0.0104
In 69935.6 671274.0 6903150.0 69012.8 0.9999 11.6 0.0005
K 213274 212574.0 2164480.0 21641.0 0.9999 3213.7 0.4455
Li 1926.5 19551.2 196240.0 1962.3 1.0000 309 0.0473
Mg 5961.8 49918.4 494954.0 4950.1 0.9999 51.6 0.0313
Mn 32582.8 31500.0 3394720.0 33922.9 0.9999 2114 0.0187
Na 284343 186574.0 1590740.0 15935.8 0.9998 365.8 0.0689
Ni 13927.5 131040.0 1317090.0 13170.3 1.0000 171.4 0.0390
Pb 42023.8 388920.0 4057430.0 40557.8 0.9999 74.5 0.0055
Rb 43000.8 412569.0 4392220.1 43859.7 0.9999 20.7 0.0014
Se 769.6 7495.1 76388.3 763.7 0.9999 196.6 0.7721
Si 6557.3 38894.6 368312.9 3685.5 0.9998 495.3 0.4032
Sr 57094.5 554254.0 5973520.0 59692.2 0.9999 224 0.0011
Ti 51629.5 497647.0 5265100.0 52622.4 0.9999 20.3 0.0012
U 6363.0 65960.6 631317.3 6316.0 0.9999 74 0.0035
\% 24347.0 234053.0 2611700.0 26089.9 0.9999 54.6 0.0063
Zn 5536.9 50145.6 502509.0 5025.0 0.9999 41.1 0.0245
anions standard 1 standard 2 standard 3 slope RZ SD* of IDL**
(2 ppm) (25 ppm) (50 ppm) blank {(ppm)

Br 16310.0 214216.0 444436.0 8823.8 0.9994 86.0 0.0292
Cl 67989.0 744606.0 1536584.0 30547.0 0.9995 162.0 0.0159
F 130643.0 1321041.0 2930459.0 57466.0 0.9957 224.0 0.0117
NO, 41908.0 438640.0 896444.0 17856.0 0.9997 28.0 0.0047
NO; 22794.0 259227.0 528271.0 10527.0 0.9988 147.0 0.0419
PO, 7647.0 120906.0 250892.0 4980.0 0.9993 113.0 0.0681
SO, 27088.0 330241.0 687398.0 13640.0 0.9993 313.0 0.0688

*SD=standard deviation, **IDIL=instrumental detection limit
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Fig. 2. Diagrams showing calculated instrumental detection limits and calibration lines for some elements of ICP-MS and IC
analysis in the Central Research Facilities at Chungnam National University.
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Fig. 3. Plots of T, Eh and EC versus pH of the supply water.
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@ Lake Water
O Supply Water
A Ground Water

Fig. 4. Trilinear diagram showing some major chemical
compositions of the supply waters.
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Ag. 5. Plots of EC, total anion and cation versus TDS, and
SO,, Cu and Zn concentrations versus total Fe of the supply
waters.
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HSO, 7} ¥l&=3t shko g &R o] dAdgct.

AFtd A8oA FHFE B S0l AR
o} AoHte-8 Yol vx WATEQ4AFE o83l &
A FrES =E3AT Orever 1988; Nords-
trom, Munoz, 1986). Ztzte] AEA ALE §5
Ca0, K0, MgO 2 NaOsh ALOsSi0,H,0 A=
F3HEE 9984 oYY (Helgeson, 1969; Nesbitt,
1977 AFAIES] FEEAS ZAISK] HSIth o]
AREL dutdel ¥4 d X sl fASHA 2%
4] (kaolinite)?] <(F GGl EFEH =AFHATH
(Tardy, 1971; A9 &, 1994).
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e Bol gHE tiFEe] oleE2 S8 7
| & 2T Gou, T et viud
o ok FelE 54 Zeth 53] FAE ol Tl
2] HCOy, F- 2 Mgt* o] SelA of7h & o]
3, BE FAR olREL ATk EAA FalFo]
o} vFdA HAEES dH 3 £ Hsle
= & (Al=14.16 ugl, As=028, Ba=1520, Co=0.08,
Fe=42.69, Mn=2.05, Se=041, U=nd ¥ V=021l
A Ggront, A vjEkdae] Hadd (Cd=0.02 pgl,
Cr=144, Cu=3766, Ni=0.72, Pb=0.19, Rb=0.17,
Sr=73.63, Zn=38.67)2 ‘4= oM =Stk
Table 4. Enrichment indices (EI) of the supply water at

Chungnam National University, normalized by lake water
composition from the Daecheong lake.

Sample major major toxic total

number anions  cations  cations ions
990113-00 1.00 1.00 1.00 1.00
990115-01 1.05 1.48 25.82 1.20
990115-02 1.05 1.46 271 1.15
990115-03 1.06 1.47 2.18 1.16
990115-04 1.07 1.48 55.63 1.17
990115-05 1.07 1.51 10.71 1.18
990115-06 1.08 1.54 13.04 1.19
990115-07 1.05 1.53 2.63 1.16
990115-08 1.04 1.50 16.80 1.15
990115-09 1.02 1.50 13.98 1.13
990115-10 0.97 1.56 16.55 1.11
990115-11 1.02 1.58 8.69 1.17
990115-12 1.21 1.58 8.28 1.17
990115-13 1.02 1.57 0.82 1.15
990115-14 1.02 1.59 0.20 1.16
990115-15 1.06 1.58 0.82 1.18
990115-16 1.04 1.59 5.75 1.17
990115-17 1.04 1.59 16.71 1.17
990115-18 1.07 1.57 2.39 1.19
990115-19 1.00 1.59 1.24 1.14
990115-20 1.08 1.63 28.29 1.20
990115-21 1.09 1.61 61.35 1.22
990115-22 1.06 1.58 1.86 1.18
990115-23 1.14 1.53 1.20 1.23
990115-24 1.03 1.52 1.24 1.15
990115-25 1.05 1.55 3.00 1.17
990115-26 1.03 1.58 11.82 1.16
990115-27 1.05 1.59 20.08 1.18
990115-28 1.08 1.69 20.82 1.23
990115-29 1.07 1.71 35.78 1.21
990115-30 1.06 1.70 1.20 1.21
mean value 1.05 1.56 13.05 1.17
990115-31 1.71 4.78 571 2.46

°}% W& FPAA £HE BE FFE L
gdE Ao Ao BFISIE Az FaAF
(enrichment index; EDE Fsith ¥3A+E i
F ARE WA F)7] 98 W Nimick, Moore,
19910 2 AlEHAARE sIgich. w1 o] A9
= H3= 1 ok dFoE UEs £ Utk A=
ol 858 HaAre HuR= A4, F9E 50
2=1.05 FAHE Yol&=156 54 Yol (Cu+
Ni+Zn)=13.05 ¥ €509 F¥=1.17 °|t} (Table
4). B2 ABAA dwrEel S8e] FAES 29
ke 9= gy, A HE AEo] Ark B
Al #3hE]o] ok 3] Cu+Ni+Zne] go] 459
Fold 212 ol ARt o] v & F4Ee] A
Hofl oJgt ¥k Aot
© AEe] IR mEERt 2y Askee B3R
= FAAE Sol2=171, FE Fo|&=478, =4
%ol (Cu+Ni+Zm=571 ¥ §Fo|£9 FH¥=
249 oIt} (Table 4). B3 Aol e B 2 4
F= B vstd =& #§FFe Co0.90 pgh, Cr
(4.43), Fe(66.25), Sr(223.46), UG.17) % V(0.63)7}
AEEHA2Y, S8 FAVES 23R gt
o] Aege FAAE Yol Lol ¥ 2 AF
o2 Hol TS AEF EE AT B3 A9
e 3184 s gk Aot

259 oizat

gise] duRle AGE B2 4884} 28
S2 olgslm ok, 2 olRE AXES A
A g AR AlE A$E A9 gl Roltt. of
E od $IUSE Yo} ASE o) EAL B
A Zar] WEQ AL 9 Rolth. makA 2%
5] Ee AFIAS o1 8am] thERe] PgA
=29 22 npE Aot 8 e 2o sjst
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A Afd AAAE ol8ald FhEe 9
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H7Hale] B3 AWEB) FAHe Y& AL
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Fig. 6. Microphotographs of scanning electron microscope for the metal compounds and minerals filtered from the supply
water. A; irregular shaped particles of the Fe-Cu-Ni-Zn compounds (fe) and quartz (qtz). B; colloidal Fe-Cu-Zn compounds
and irregular shaped quartz grains. C; colloidal groundmass and tiny globular aggregates (fe) of the Fe-Cu-Zn compounds. D;
colloidal groundmass and tiny particles (fe) of the Fe-Cu-Zn compounds, K-feldspar (fd) and mica (mi) grains.
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Fig. 7. Results of energy dispersive X-ray microanalysis for the metal compounds filtered from the supply water. A; the

composition showing particles of the Fig. 6A. B; the composition showing particles of the Fig. 6C. The Au peaks are coating
effects.
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A3) BB 1 pm vlge] Folsy Mg Az} °
7F ME2 FARHY e AL B 4 v (Fig 6). o zo.s- §°° ° 200
B AlgdME 5~10 um A=) HFE Mg, % s o °
q g eRAY LS FUY FEE YAPHE BT 0o : oed— -
drh, $EL A0E ZE FFBE] AH 24 00 03 0s 0 190 300
& Fe-Cu-Zne] E3lslstEo}, BEHo= Np| A& 8007 o Fe (ugh) Mg (mgfl) .
9% St (Fig. 7. AT ARME PhAEE) 5 | o vl
= st4r) sRMEEe] ¢eRAlE 0.01~3.20 mgle z o o8& .
eI b2 1.0 mgl Mo Aso) 6oy Jpeete ot Po |
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o} s}Ezg S i‘}it}. 81 g 0 Zntugl) ©
ol Moz Ay 3l FUAE 167H°ﬂ o
tele} edakade) zgwste Easich gy g 4q° 250 -
AR 48 vlEAE gate] o R **éﬁﬁ} 089%; o o ©Og4 Q
E 99lou Cu, Fe 2 Zne 9j3dix] &2 AlRolA 0 : Y - ,
954 ®o RS 20} (Tble 5). 53] Fe oloe 0.8 F:v 3.2 0 ;l:.x 260
A3 & Bl B 16852 pglollent ot © Supply Water 4 Ground Water

g M= 4258 ugl=Al B e AAHEE A
o2 vt a3y g o)|LEdXEe Adanst
‘EE%}XI B AoR FAHAC (Fig 8). 53] =
F3led Cues B 2816 pgl/t ZnS 7 2298
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ozl W 5383 SEhislE Bolx) st
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Fig. 8. Diagrams showing the concentration variation of
some elements between non-filtered water (NFW) and
filtered water (FW) from the same sites of the supply water.
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Table 5. Selected cation constituents for both filtered and non-filtered supply water at Chungnam National University.

Sample Al (ug/ly As (ug/l) Cu (ug/h Fe (g/) Mg (mg/l) Mn (ug/h) Zn (ug/l)

Number Fw NFW FW NFW FW NFW FW NFW FW NFW FW NFW FW NFW
990115-01 20.06 22.06 038 040 12571 12576 60.02 137.16 2.237 2346 280 184 539 578
990115-02 2279 2570 050 034 812 974 48.12 8136 2232 2300 226 163 481 513
990115-04 17.05 20.03 033 0.24 27541 337.11 5656 88.16 2.360 2452 132 193 825 55.02
990115-05 544 1796 022 026 1020 583 38.82 602.04 2409 2424 640 945 4370 5695
990115-06 11.00 2033 024 054 31.14 103.61 38.12 38585 2322 2253 1.68 653 3479 4729
990115-07 1606 2259 028 033 402 337 33.00 5962 2423 2410 3.03 144 880 281
990115-08 1639 2130 027 025 1414 928 3684 6566 2384 2403 185 164 7087 81.98
99011509 10.80 17.23 026 026 336 2.88 34.89 18344 2376 2414 098 437 68.03 113.67
990115-10 14.47 20.89 023 030 27.82 3597 4341 110.65 2462 2420 108 182 5645 69.26
990115-11 1531 2177 027 028 3135 4555 31.10 5681 2.526 2422 1.17 190 1332 887
990115-12 1579 2207 021 030 3565 27.11 33.13 6677 2.567 2435 091 188 499 441
990115-13 1722 2221 033 028  3.19 399 4783 66.67 2567 2408 483 197 098 172
990115-14 659 2477 021 025 64.31 38292 37.39 596.60 2.655 2442 096 6.19 25042 483.83
900115-15 1608 22.01 022 045 299 563 3682 7351 2637 2410 101 154 089 821
990115-30  7.10 128 0.4 016 1732 749 6625 7381 3.119 2675 230 173 1249 875
990115-31 1640 33.61 027 041 251 1.62 3901 4826 2856 2349 149 157 218 047

FW; filtered supply water by 0.45 um pore-size cellulose nitrate paper, NFW;

of FW

non-filtered supply water of the same as those
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