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1 ~ 8 : Water sampling sites
@ ~@ : Sediment soil sampling sites
@®~® : Paddy soil sampling sites
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Fig. 1. Locations of sampling sites.
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Table 1. Changes of chemical contents by distance from the inlet of spa sewage in spring
Distance’ EC PO~ SO2- CI NO;-N NH;-N Ca Na COD
(m) PH  (us/em) (mg/l)

10(St. 1) 7.45 589 0.23 58.1 28.9 0.9 4.6 35.6 40.9 28.0
100 (St. 2) 7.62 599 0.26 52.7 26.8 1.5 3.3 32,5 42,5 18.1
500(St. 3) 7.73 500 0.21 49.9 25.1 1.5 2.3 41.6 37.2 18.9
Unpoll. *(St. 4) 7.53 244 0.10 20.1 20.7 2.1 0.2 15.2 11.3 34
1,000 (St. 5) 7.67 444 0.20 44.6 30.2 1.7 2.0 22.1 26.0 16.3
1,200(St. 6) 7.58 352 0.16 45.7 24.4 2.1 1.2 23.8 24.0 11.9
1,500(St. 7) 7.46 359 0.16 23.3 19.0 2.6 0.9 19.2 184 7.4
2,000 (St. 8) 7.37 305 0.21 15.8 17.7 2.7 0.7 13.3 13.1 4.9
Average 7.55 424 0.19 38.7 241 1.9 1.9 254 26.7 13.6

Criteria” - 1,000 - 50 250 20 5 - 250 50

J: Distance from inlet of spa wastewater p: Unpolluted site J9: Criteria for agricultural usage
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Table 2. Changes of chemical contents by distance from the inlet of spa sewage in summer

Distance’ H EC PO SO,2 Clr NO;-N  NH,-N Ca Na COD
(m) p us/crn (mg/l)
10 7.17 586 0.42 57.9 30.8 0.6 6.2 33.3 34.6 28.4
100 7.27 573 0.31 55.2 29.5 1.0 5.4 32.0 32.9 24.5
500 7.28 594 0.26 60.2 29.5 1.1 4.2 33.9 32.2 14.7
Unpoll.? 7.18 285 0.08 20.1 16.7 1.6 0.2 12.6 8.6 3.5
1,000 7.13 368 0.12 34.6 21.2 14 14 25.5 16.5 11.9
1,200 7.15 338 0.17 384 217 1.7 1.3 20.3 18.4 10.4
1,500 7.19 368 0.12 27.3 20.8 2.8 1.1 17.0 13.1 4.5
2,000 7.18 309 0.09 18.9 181 2.7 0.9 13.3 11.93 5.9
Average 7.19 428 0.20 39.1 23.5 1.6 2.6 23.5 21.0 13.0
}: Distance from inlet of spa wastewater »: Unpolluted site
Table 3. Changes of chemical contents by distance from the inlet of spa sewage in autumn
Distance’ H EC POgs- SO,2- Ct NOs;-N  NH;-N Ca Na COD
(m) p us/cm (mg/l)
10 6.98 601 0.43 64.3 23.6 1.8 4.2 324 57.9 26.9
100 7.28 605 0.39 62.6 26.4 1.9 3.8 32.6 57.2 19.9
500 7.22 607 0.27 59.1 29.8 1.9 3.6 32.7 55.1 20.1
Unpoll.? 7.10 404 0.05 33.1 21.8 2.2 0.1 20.9 214 5.3
1,000 7.09 460 0.37 37.8 24.0 2.0 2.5 21.9 27.2 12.1
1,200 7.13 276 0.24 40.0 24 4 2.0 0.7 22.3 22.5 6.2
1,500 7.01 451 0.08 28.2 20.5 1.2 0.3 21.1 23.5 11.3
2,000 7.51 371 0.07 14.9 13.3 0.7 0.3 18.2 13.9 7.1
Average 7.17 472 0.24 42.5 23.0 1.7 1.9 25.3 311 13.6
}: Distance from inlet of spa wastewater »: Unpolluted site
Table 4. Changes of chemical contents by distance from the inlet of spa sewage in winter
Distance’ H EC PO S0,2- Cl NO3;-N  NH,-N Ca Na COD
(m) P ps/cm (mg/l)
10 7.56 1142 0.52 98.8 38.4 0.7 45 39.2 50.0 25.6
100 7.99 1193 0.48 97.3 39.4 0.7 4.2 38.0 415 17.6
500 7.98 1122 0.42 96.4 29.3 0.8 4.0 42.2 44 4 12.0
Unpoll » 7.78 441 0.07 20.6 16.9 0.8 0.7 10.1 10.0 3.6
1,000 7.97 1185 0.34 69.1 34.5 0.8 3.0 26.8 30.9 10.8
1,200 7.61 1193 0.36 74.0 34.3 11 2.8 31.3 35.0 8.4
1,500 7.55 896 0.31 59.1 31.8 1.5 2.2 24.7 28.9 8.8
2,000 7.40 330 0.14 42.8 27.5 2.0 1.3 28.5 15.7 5.6
Average 7.73 938 0.33 69.8 31.5 1.0 2.8 30.1 32.1 11.6

J: Distance from inlet of spa wastewater ) : Unpolluted site
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Table 5. Yearly average concentration and standard deviation of Ni, Mn, Fe and Cr in the stream water by distance from

the inlet
Distance’ Ni Mn Fe Cr

(m) (ug/l)

10 13.8+18.2 5.0+4.8 41.8+18.3 32.8+48.2
100 20.8+15.6 14.8+12.0 56.3+38.6 34.5+53.6
500 12.0+13.6 6.0+9.5 61.0+24.0 4.0+6.7

Unpolluted site 5.0+10.0 60.81+94.6 70.8+52.4 1.3+£2.5
1,000 7.3+84 50+5.2 67.3+£37.1 1.0+2.0
1,200 31.5+36.2 8.0+10.2 72.5+40.5 6.56+13.0
1,500 8.56+14.6 15.5+29.7 67.5+29.8 4372
2,000 45%+9.0 20.5+27.4 74.5+£42.7 15.8+28.9

J: Distance from inlet of spa wastewater

Table 6. Yearly average concentration and standard deviation of Zn, Cu, Pb and Cd in the stream water by distance from

the inlet
Distance’ Zn Cu Pb Cd
(m) (ug/l)
10 30.0+30.0 19.5+27.3 10.8+19.6 0.0£0.0
100 29.5+41.8 23.3+29.9 2.5+£5.0 0.8+15
500 8.3+8.7 23.0+19.2 0.0£0.0 0.0x£0.0
Unpolluted site 17.8+29.8 19.8+28.2 0.0£0.0 0.0£0.0
1,000 11.3+12.3 17.5+27.2 17.8+29.2 0.0+£0.0
1,200 25.3+41.3 23.8+21.1 11.0+14.3 0.0£0.0
1,500 26.8+37.1 19.0+21.4 2.0+4.0 0.0+£0.0
2,000 27.3+36.7 22.3+23.3 3.0£6.0 0.0+£0.0
J: Distance from inlet of spa wastewater
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Table 7. Yearly variations of pH, EC and S concentra- Table 9. Yearly variation of Ni, Mn and Fe concentra-
tions in sediment tions in sediment (Unit : mg/kg)
Distance' pH(1:5) EC (us/cm) S (mg/kg) Distance’ Ni Mn Fe
(m) 97.2 ’98.9 97.2 98.9 '97.2 '98.9 (m) 97.2 798.9 97.2 '98.9 ’97.2 ’'98.9
0 7.3 7.0 119 167 59.8 64.7 0 147 122 37.7 39.7 305.0 308.0
150 7.0 7.1 110 120 55.7 56.2 150 0.74 070 557 245 56.2 524
350 7.0 6.9 91 76 384 433 350 028 023 301 1438 33.7 35.7
500 7.5 7.4 93 82 335 366 500 044 044 752 251 1287 641
J: Distance from inlet of spa wastewater J: Distance from inlet of spa wastewater
Table 8. Yearly variation of T-N, OM and P:0s concen- Table 10. Yearly variation of Zn, Cu and Pb concentra-
trations in sediment tions in sediment (Unit : mg/kg)
Distance’ T-N(%) OM(%) P,0s(mg/kg) Distance’ Zn Cu Pb
(m)  97.2 '98.9 '97.2 ’98.9 ’97.2 ’98.9 m) 972 '98.9 '97.2 '98.9 ’97.2 '98.9
0 0.18 022 161 196 1094 126.6 0 239 355 43 3.7 3.3 3.5
150 0.12 0.19 082 090 1050 1078 150 119 52 22 1.5 1.6 1.8
350 0.04 017 044 061 68.1 1793 350 2.4 54 0.7 1.5 0.8 0.64
500 0.04 019 031 029 40.0 50.0 500 6.8 86 1.7 2.5 2.0 0.79
J: Distance from inlet of spa wastewater J: Distance from inlet of spa wastewater
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Fig. 2. Changes of water temperature in spa sewage by flowing distance.

Table 11, Yearly variation of pH, EC and 'S concentra-
tions in paddy soil irrigated with spa waste-

Table 12. Yearly variation of T-N, organic matter (OM)
and P>0;s concentrations in paddy soil located

water beside spa wastewater
Distance’ pH(1:5) EC{us/cm) S {mghkg) Distance’ T-N{(%) OM (%)  P.0s(mglkg)
(m) 97.2 ’98.9 ’97.2 989 972 989 (m) 97.2 °98.9 97.2 988 ’97.2 '98.9
0 Top* 5.8 59 993 1079 709 723 0 Top* 0.18 020 228 248 1153 954
Sub 64 58 82.1 923 402 401 Sub 020 016 242 209 927 888
10 Top 5.8 59 887 919 605 63.1 10 Top 033 025 376 3.05 126.7 99.1
Sub 6.0 5.9 634 699 487 442 Sub 029 0.23 363 3.17 121.5 9238
20 Top 5.5 58 901 1066 68.6 664 20 Top 0.31 024 457 299 116.3 1049
Sub 55 58 839 613 683 64.1 Sub 0.38 026 444 349 1139 96.9
100 Top 65 56 1100 833 75.0 80.2 100 Top 026 032 336 312 107.6 105.6
Sub 5.7 5.6 82.9 748 675 632 Sub 024 031 3.36 250 1064 568
Top 58 55 913 674 529 557 Tep 030 0.19 3368 3.15 1449 1584

Control Control

Sub 56 57 962 527 547 503

Sub 0.25 0.19 3.63 293 141.3 1524

J: Distance from inlet of spa wastewater
* Top soil : 0~10 cm, Sub soil : 10~20cm
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Influence of Spa Sewage on the Water and Soil Pollution

and Restoration
I. Influence of Spa Sewage on the Pollution of Stream Water
and Agricultural Land

Yeun-Tai Chung, Deog-Bae Lee!, Kyeong-Bo Lee!, Mi-Youn Kim
Baik-Ho Kim, Min-Kyu Choi and Seung-Taeck Park

(Institute for Environmental Science, Wonkwang Univ., Iksan, 570-749, Korea,
National Honam Agricultural Experiment Station, RDA, Tksan, 570-080, Korea)

Abstract - This study was carried out to investigate the influence of spa sewage on water quality
and chemical contents in the paddy soil along stream from 1997 to 1998. Concentration of POy,
S04, Cl, NH4, Ca, Na and COD in the spa sewage were lower than standard for agricultural
usage, and were lowered as the sewage flew to the into stream. The concentration of SO, in spa
sewage was over the criteria for agricultural usage in the inlet, but was lower than criteria for
agrieultural usage by inlet of non polluted stream water. Concentration of pollutants in the sedi-
ment of water channel were the highest in the inlet site. There were no pollutants accumulation
in the paddy soil where spa sewage was irrigated. It may be resulted from nutrients uptake of rice
plant and self purification of paddy soil. On the while, considering electric conductivity and
nitrate in spa sewage, this results suggest that long—term irrigation of the spa sewage may be
required general management with some decreasing fertilization. [Spa sewage, Water quality,

Agricultural environment, Sediment].



