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This study was performed to provide the basic information on characteristics of groundwater pollution in
Gyeongsan city. Forty two groundwater samples were collected, and pH, DO, COD, NH;-N, NO;-N, T-N,
PO43'-P, Cl, Ca, Mg, hardness, evaporate residues and others were investigated. And, ANOVA analyses were
carried out to reveal the differences in water pollution indicator values of by industry, commerce/residence and
agriculture areas.

The results were as follows.

1. The mean values of pH, DO, COD, NH3-N, NO;-N, T-N, PO43'-P, Cl, evaporate residues, Ca and hardness
were 6.9, 7.9 mg/ £, 04 mg/l, 244 mg/l, 2.73 ng/Z, 6.06 mg/ £, 0.82 mg/ #, 32.72 mg/ £, 381.67 mg/ 4,
41.53 mg/ ¢, 177.17 ng/ £, respectively.

2. As groundwater became deeper, the values of Cl, Ca, Mg, Na, hardness and evaporate residues remarkably
increased, but those of COD, NH;-N, NO;-N, NO,-N, T-N decreased.

3. The values of COD, Cl, Ca, Mg, Na, hardness and evaporate residues were very high in industrial area,
and those of NH;-N, NO,-N, T-N were very high in commercial/residential area, and those of NO3;-N were a
little high in agricultural area.

4. The correlations between depth and each value of Mg, Na, Fe, hardness and evaporate residues were high-
ly positive, and those between DO and each value of Mg, Cu, Fe, hardness and evaporate residues were highly
negative.

5. According to ANOVA analyses, the differences in three area groups (industry, commerce/residence and ag-
riculture) on the values of NH3-N, T-N, evaporate residues, hardness, Ca, Mg, K and Fe were significant at 1%
level.

Key Words : Groundwaters, ANOVA analyses, Pollution indicators, Correlations
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Table 1. The pollution characteristics of groundwaters

in Gyeongsan city (n=42) (Unit : ng/2)
Jluti n val Drinking

ndioaion  Range Mea ppive (rater

pH 52-83 6.9+0.7 58-85
(3)

DO 33-11.1 79421

COD 00-16 04105

NHz-N 0.00-6.30 2.44+1.84 05
(36)

NO» -N 0.00-1.26 0.94+0.31

NOs -N 0.00-7.67 273+1.85 10

T-N 1.48-11.00 6.06£2.52

POS P 078-1.15 0.82+0.06

Cl 355-102.82 327242711 150

ER’ 40-1350  381.67+311.275 500
(12)

Ca 2.4-164.33 41.53+42.44

Mg 0.06-81.47 17.80+17.30

Hardness 16.00-71576  177.17+159.29 300
(6)

Na 3.84-7658 2743+1882

K 0.02-0.66 0.34£0.29

Pb ND ND 0.1

Cr ND ND 0.05

Cu 0.00-0.11 0.03£0.02 10

Zn 0.00-0.75 0.12+0.15 1.0

Fe 0.02-047 0.15+0.10 03
(3)

ER' : evaporate residues, ND : not detected

( ) : the number of samples which exceeded drinking
water standards
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Table 2. Mean values of groundwater pollution in-

dicators with vertical depth  (Unit : mg/#)
Pollution I SOI\II/fean Valuet?élg o
. . < —
indicators 730 10
pH 6.9+0.7 6.910.6
DO 7.9£2.0 81124
COD 0505 0.3+03
NH3-N 2.71+1.74 1.79+£1.98
NO: -N 0.98+0.27 0.86+0.40
NOs -N 297+2.09 2.12+0.85
T-N 6.58+2.33 4.77£2.62
PO -P 0.82+0.03 0.83+0.10
Cl 29.31+2358 412413410
ER 334248 502+420
Ca 35.28+35.26 57.15+55.35
Mg 14.39+11.82 26.33£25.22
Hardness 147.59+110.06 251.11+232.99
Na 24.89+16.36 33.78+23.51
K 0.37£0.28 0.28+0.31
Pb ND ND
Cr ND ND
Cu 0.02+0.02 0.04+0.02
7n 0.11+0.16 0.12+0.11
Fe 0.12+0.07 0.22+0.13

ER’ : evaporate residues, ND  not detected
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Table 3. Mean values of groundwater pollution in-
dicators with land use of Gyeongsan city
(Unit : mg/#)
) Mean valuetS.D
Pollution Industry ~Commerce and  Agrcylture

indicators ned Rersllzdfélce 0=20
pH 74202 6906 6.7+0.8
DO 51+1.0 79423 85217
COD 06203 0.30.4 0506
NH3-N 1.20+0.15 4224126 1.10£0.81
NO: -N 1.01+0.09 1.04£0.02 0.8420.44
NOs™-N 1.84+0.74 2.20+0.75 3.37£2.44
T-N 4.05+0.67 7.35+1.70 5.312.84
POS-P 0.79+0.01 0.84+0.08 0.82+0.02
Cl 5849+4480  30.72+1884  29.35+28.19
ER’ 9504374 375291 247+177
Ca 1182444990 2385:2135  42.10+£39.38
Mg 55942042  16.74+1312  11.13¢847
Hardness  52559+17558 12845+87.98  151.33+120.21
Na 50.99+13.03 287042023  21.58:14.72
K 0.02+0.00 0.25+0.29 050+0.22
Pb ND ND ND
Cr ND ND ND
Cu 0.06£0.01 0.02+0.02 0.02+0.02
Zn 0.130.07 0.06+£0.07 0.16:0.19
Fe 0.30+0.11 0.15+0.09 0.12+0.08

ER’ : evaporate residues, ND : not detected

Table 4. Correlation coefficients(r) between pollution indicators of the groundwaters in Gyeongsan city

Depth DO NHs-N NO3-NNO;-N T-N __ C

Ca. Mg Had ER Na K Cu  7Zn Fe

Depth 1000

Do 0079 1000

NH:-N -0141 0161 1000

NOy-N 0184 0200 0176 1000

NO;-N -0004 -0085 0439 0081 1000

T-N 0283 020 066" 063" 04%" 1000

Cl 0230 -0089 -0061 -0064 -0202 -0108 1000
Ca 0382 -0378° -0315° 0021 0073 -018 055"
Mg 0479" -0439" -0008 -0216 0152 -0129 0468"
Hard®  04688" -0447" -0214 -0080 QL7 -0181 054"
ER’ 0473" -0318" -0032 -019 0200 -0165 04%"
Na 045" -0245 0006 0284 02% -0221 0313
K -0069 058" 0005 0151 0229 -0005 -0.080
Cu 034 -0376" -0274 -01% -01% -0345" 0250
Zn 0125 003 -0247 044" 01% 01% -0163
Fe 0452" -0520" -0150 0960 -0002 -0281 0.4

1000

0597 1000

093%™ 0843" 1000

0697 065" 0740 L1000

0411" 0365 0437 0802" 1000

0183 -0311" -0260 -0332° -0492" 1000

039%™ 03607 044" 0368 0392 -0431" 1000

0048 -0025 -0044 -0103 -0102 -0050 -0051 1LOOO
0507 0410 0521 04417 0380° -0512 049" -0003 1000

Hard* : hardness, ER* : evaporate residues
* © significant at 5 % level, *+ : significant at 1 % level
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Table 5. The results from ANOVA analyses of three
area groups (industry, commerce/residence

A

and agriculture) (n = 42)

ilrjlgﬁ:l:tls;ls F-value Probability
pH 157 0.2201
DO 496 0.0120"
COD 0.79 0.4623
NHs-N 48.89 0.0001™
NO; -N 214 0.1315
NOs -N 2.57 0.0897
T-N 551 0.0078"
PO/ -P 1.81 0.1779
Cl 212 0.1335
ER’ 12.15 0.0001™
Ca 12.73 0.0001™
Mg 23.68 0.0001"
Hardness 17.12 0.0001"
Na 494 0.0123"
K 11.62 0.0001*
Pb ND ND
Cr ND ND
Cu 414 0.0234"
Zn 2.48 0.0967
Fe 5.28 0.0094™

ER

* 0

. evaporate residues, ND : not detected
significant at 5 % level ** : significant at 1 % level
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