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Contamination of the Mushim-Cheon and its

Countermeasures
L. Analysis of the Water Samples in Summer

Jae Koo Lee, Kee Sung Kyung, Hak Nam Kim, and Kyeong Seok Oh

Abstract

In order to disclose the contamination of the Mushim-Cheon by pollutants in August and September
of 1989 and to establish countermeasures, the collected water samples were analyzed to obtain the following
results -

1. The water temperature of the period ranged from 25.8 to 30.8C acceptable for the growth of microorgani-
sms and algae to allow the self-purification of the stream.

2. The pHs at the sites during the same period ranged from 6.5 to 8.5 which fall within the allowed values
for the first grade water supplies except for site 14.

3. At site 18 which is the confluence of the sewer of the excretion disposal facilities and the main stream,
the DO was observed to fall down to 0.7 ppm in September.

4. The BOD value reached a maximum of 62.1 ppm at site 18, which far exceeded the limit of 40 ppm,
the allowed value for the discharges from the disposal facilities. In addition, the SS values were 200
and 520 ppm in August and September, respectively, which were three to seven times as high as the
allowed limit of 70 ppm.

5. The high NH3-N value of 46.2 ppm at site 18 in September suggested that the water was heavily contamina-
ted with excretions.

6. The BOD load of the sewage from site 12, the Sajik-Dong Sewer, in September was estimated to be
about 0.306 ton/day.

7. The contamination of the influents, the family wastewater, and the discharges from the disposal facilities
was greater than that of the main stream.

8. In the samples collected from site 12, the Sajik-Dong sewer at an interval of every two hours, a close
correlation was observed between the pollutant load and the life cycle of the nearby inhabitants.

9. Compared with the results obtained from the water samples in 1979, it was observed that the water
was heavily contaminated at site 12 (the Sajik-Dong Sewer, under the Chung Ju Great Bridge) and
site 15 (Under the 2nd Uncheon Bridge) over the last 10 years, with little difference at site 9(Young
Un-Dong water supply source).
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Table 1. Location of sampling sites for the water analysis of the Mushim-Cheon.
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Fig 1. The location map of the Mushim Cheon
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Fig 2. Map for the water sampling Mushim—Cheon.
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Table 2. Date and time for sampling.

2
4

2 oq Adest 2 wAA

@n

Sampling Ist 2nd Sampling Ist 2nd
site sampling sampling site sampling sampling
No. August 26 September 8 No. August 26 September 8

1 14 : 30 11:00 11 12  00* 13: 09
2 1505 12121 12 12 . 15* 13: 24
3 1530 11:10 13 12 © 30* 13 28
4 16 © 20 11: 31 14 13 : 00* 13:41
5 16 - 35 11° 40 15 13 © 30* 14129
6 17 .30 1152 16 13 © 40* 14 : 38
7 18:15 12106 17 14 © 00* 14 © 50
8 19:02 12:35 18 14 : 40* 15:00
9 19:50 12149 19 15 © 10* 15117
10 11 30* 13102 20 15 : 50* 1528

* Sampling date : '89. 8.
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Table 3. Water temperature in situ and pH

#ata $F2 sHehdste pHell 24 9=z
2o 2d® FAA F2 FFo] Ao}, 2449
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2. E&442HDissolved Oxygen, DO)

DO 5 A& &3 3714 oA & 2%
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of the water samples.

[ Ttem\Month\ Site No]| 1 2 3

5 6 7 8 9 10
Water 8 289 | 273 | 282 | 279 | 256 | 274 | 288 | 262 | 284 | 286
temp.
© 9 249 | 225 | 247 | 265 | 242 | 264 | 259 | 263 | 262 | 279

pH 8 6.8 6.7 7.2 7.3 73 72 72 70 7.3 75
9 7.1 6.6 6.9 73 6.9 74 76 74 7.7 7.7

Item\ MontR\ Site Nof| 11 12 13 14 15 16 17 18 19 20
Water 8 285 | 258 | 287 | 297 | 297 | 289 | 302 | 308 | 301 | 27.8
temp.

(T 9 278 | 247 | 276 | 287 | 281 | 255 | 279 | 275 | 273 | 262
pH 8 7.4 7.2 8.1 88 7.8 72 7.7 79 74 7.1
9 7.4 75 78 78 79 74 7.6 7.7 72 75
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Table 4. Water temperature and pH of water
samples of St-12 collected at an inter-
val of every two hours.

Sampling Water temperature pH
time (©
2000 243 6.5
2200 26.3 6.6
24 . 00 252 6.8
02:00 242 73
04 200 245 75
06 : 00 245 7.6
08 : 00 249 72
10 : 00 252 73
12:00 24.8 74
14:00 244 75
16 . 00 243 7.3
18 : 00 244 6.9
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Table 5. DO, BOD, and COD of water samples.
. (ppm)
Item\ Month\ Site NoJ| 1 2 3 4 5 6 7 8 9 10
8 104 | 82 | 107 | 126 | 81 | 117 | 128 | 29 | 123 | 26
Do 9 84 89 84 9.0 79 | 120 | 130 | 86 | 126 | 20
8 43 39 25 39 2.1 7.3 51 | 147 | 37 | 462
BOD 9 16 35 2.3 43 31 19 | 395 | 90 49 | 536
8 362 | 564 | 491 | 765 | 403 | 644 | 322 | 1128 | 4.83 | 3946
cop 9 161 | 322 | 201 | 563 | 443 | 241 | 161 | 1248 | 322 | 3785
(ppm)
Iter\ Month\ Site NoJ| 11 12 13 14 15 16 17 18 19 20
8 42 52 16 | 212 | 127 | 34 | 130 | 87 56 | 107
Do - 9 238 42 6.4 127 7.2 42 53 0.7 0.8 9.8
8 232 | 225 | 26 | 276 | 216 | 26 | 208 | 3885 | 155 | 86
BOD 9 232 | 238 | 138 | 150 | 141 | 162 | 338 | 621 | 594 | 630
8 2738 | 2456 | 1389 | 1691 | 2255 | 2641 | 2497 | 39.87 | 1892 | 8.05
COD 9 2658 | 2497 | 2497 | 2899 | 2658 | 16.11 | 26.58 | 53.76 | 50.74 | 5.76

Table 6. DO, BOD and COD of water samples
of ST-12 collected at an interval of
every two hours.

(ppm)
Sampling DO BOD COD
201 00 28 406 42,68
221 00 42 392 4025
24100 33 286 3141
021 00 39 172 2053
04: 00 58 153 13.69
06 : 00 6.0 144 1328
08 : 00 50 224 27.28
10 1 00 5.1 228 27.38
12 00 47 310 29.98
14: 00 36 336 3241
16 : 00 39 32.4 3403
18 : 00 36 342 35.64
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Tabel 7. Comparison of the water qualities of the Mushim-Cheon at some sampling sites between

the year 1979 and 1989.

Item |Water temp. pH BOD COD DO NH;-N

Month (t) (ppm) (ppm) (ppm) (ppm) (ppm)

Year| Sampling site 8 9 8 9 8 9 8 9 8 9 8 9
A+%F AT | 305 175 | 792 744 | 461 502 | 444 508 | 542 532 | 030 09
1979 | AHAF HFO)EL] 315 170 | 755 761 | 470 563 | 672 642 | 480 521 | 130 16
A2 w 32 18 750 727 | 513 685 | 607 743 | 1.87 279 | 660 2.7

Site 9 284 262 | 73 77 37 49 | 483 322 | 123 126 | 023 012
1989 | Site 12 258 247 | 72 75 | 225 238 |2456 2497| 52 42 | 874 885
Site 15 207 281 | 78 79 | 216 141 |2255 2658| 127 72 | 414 920
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Table 8. Total nitrogen and organic nitrogen of the water samples.

(31)

(ppm)
Item TKN Org. -N
Month.
Site No. 8 9 8 9
1 1.08 0.72 0.85 0.60
2 144 043 115 0.20
3 4.03 - 2.38 351 1.58
4 0.29 0.72 0.06 049
5 1.87 0.36 1.64 0.13
6 6.34 0.33 6.11 0.21
7 3.60 047 2.39 0.24
8 5.90 6.05 1.53 2.03
9 1.30 0.29 1.07 0.17
10 20.31 13.65 11.74 9.63
11 13.25 26.36 8.31 17.28
12 19.44 16.49 10.70 7.64
13 8.71 14.70 6.58 5.50
14 8.71 15.19 .5.49 7.14
15 10.26 10.80 6.12 1.60
16 11.74 11.31 6.44 3.15
17 12.24 13.32 8.54 4.24
18 39.32 96.20 23.46 50.00
19 12.96 22.25 721 10.55
20 2.09 1.84 0.71 0.58
Table 9. NH3-N, NO--N and NOs-N of water samples. (ppm)
Monthnoite 1 2 3 4 5 6 7 8 9 10
Item
8 0.23 0.52 0.23 023 0.23 121 0.29 4.37 0.23 8.57
NH-N 9 0.12 0.80 0.23 0.23 0.12 0.23 0.23 402 0.12 4.02
8 | €0.001 0.015 | <0001 | <0.001 | €0.001 | <0.001} <0.001 0.021 0.002 0.013
- NH-N 9 0.001 0.038 | <0001 | <0001 | <0.001} <0.001 0.001 0.024 | €0.001 | €0.010
8 0.20 0.51 0.08 0.05 0.26 0.24 0.16 0.46 0.36 0.60
NO:-N 9 0.23 0.50 0.12 0.03 0.10 0.50 0.29 0.40 047 0.34
(ppm)
Month\Site 11 12 13 14 15 16 17 18 19 20
Item
8 494 8.74 2.13 3.22 4.14 5.30 4.70 15.86 5.75 1.38
NHe-N 9 9.08 8.85 920 8.05 9.20 8.16 9.08 46.20 11.70 1.26
8 0.007 0.008 0.005 0.007 0.007 0.006 0.007 0.011 0.005 0.003
NH-N 9 0.007 0.010 0.008 0.008 0.009 0.018 0.011 0.008 0.008 0.002
8 0.39 0.34 0.35 0.52 0.27 0.17 0.30 0.32 0.46 054
NOs-N 9 0.30 0.31 0.20 024 0.23 1.08 0.30 0.88 0.33 049
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Table 10. TKN, NHs-N, Organic-N. NO;-N, and NO,-N, of the water samples of St-12 collected at an

interval of every two hours.

(ppm)
Sai?;:“g TKN NHs-N Org-N NOs-N NO-N
20 00 22.61 10.69 11.92 031 0.011
22100 2117 10.69 10.48 0.30 0.012
24100 20.66 11.38 9.28 0.22 0.015
02 : 00 17.71 943 828 0.18 0.007
04:00 13.39 7.13 6.26 051 0.005
0600 20.30 8.16 12.14 0.65 0.005
081 00 3247 17.24 1523 053 0.015
10°% 00 22,54 12,07 1047 024 0.015
12% 00 1253 10.69 184 0.17 0.007
1400 1843 10.34 8.09 025 0.011
16 % 00 19.94 10.34 9.20 0.29 0.006
18 00 2167 12.07

9.60 0.32 0.012

ofo}elsl i NO;-N-& 10ppm °©)8l&E FAH2=e] 9]
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o} 4 Z+zb 1359 147 7NTUEA 714 =9t

7. ¥4 (Chloride)

FF9 CI¢ F2 NaClelA A0 Hgare)
CIe <A "Bashc}l, =5 <F 250 ppm A=Y
ClsEdA 237e F+= kg Yo $-2 ety
L84 7124 150 ppmeldE ATz Yt
ZAA Aol 2] Cl-e E1l9A4 B ulel o] St
1-7 % St 92} St 8(d-+A) = St 10(FskH) =
Ze AAF} 2 FFAGANA o %o St 20
A gdel vlE A FAo = Ugtou} gl
20.85ppm>2 St 1—8, 9x.t} o Eokvh. =¥ 24
A7} Fqk 2X17 A o2 A4 St 12904 CI7 &
E1241A 2 uie} Fe] oF 70— 140 ppme et
Wt



Table 11. Turbidity, chloride and total phosphate of water samples.

o]

FIFAA 4 oo Adest 2 AN

(33)

(ppm)
M Turbidity(NTU) Chloride Total phosphate
Site No 8 9 8 9 8 9
1 3.04 1.00 13.90 12.71 0.06 0.06
2 16.33 145 1340 13.90 0.10 0.07
3 13.61 2.25 13.40 13.40 0.34 0.23
4 9.25 115 2531 14.85 0.08 0.07
5 5.60 200 13.40 11.92 0.07 0.06
6 1.05 0.70 13.40 11.42 0.12 0.11
7 443 0.95 13.90 13.90 0.09 0.06
8 9.00 12,756 74.45 51.62 0.59 0.56
9 9.98 1.65 19.36 18.36 0.13 0.09
10 39.25 13.90 67.00 82.89 131 0.73
11 30.50 10.85 50.62 57.09 0.79 0.74
12 64.4 13.60 52.61 53.10 2.08 1.53
13 12.75 8.50 42.68 55.59 0.70 111
14 13.08 8.40 49.63 53.60 0.81 1.07
15 19.87 10.55 47.15 56.07 1.02 0.94
16 3729 22.65 45.66 50.63 1.21 113
17 12.55 14.55 65.51 67.00 1.26 1.20
18 135.00 147.70 43.18 136.49 2.85 5.05
19 17.90 12.80 20.59 69.49 111 1.84
20 490 2.65 0.95 20.85 0.34 0.21

Table 12. Chloride; SS and Surfactant of the water samples of St-12 collected at an interval
of every two hours.

(ppm)

Sampling Chloride ss Surfactant(LAS*)
20 . 00 119.11 105 6.19

221 00 102.24 123 6.41
24100 138.97 64 5.16

02: 00 83.38 62 291

041 00 69.48 129 0.40

06 1 00 7643 04 110

08 : 00 113.16 122 2.80

10 : 00 10423 97 5.05

121 00 87.35 95 651

14: 00 134.00 95 655

16 00 137.97 102 7.08

18 00 134.00 115 555

* Linear Alkyl Sulfonate



(30)

8. Z} Hejy ol

Ato]l & A Al o8 E4e EA3te
VAR Fxe, ALA, B, v, A4
9 E4lol % A9 oy vhaky
A 5443 (Eutrophication) ] FU o]
L0 xR} sl s B Be AHRPES
3 glon FAAAS dFHs] el F
1 g#Fe] 2—3 ppm, #7122 05—1.0ppm #
7109 e YA ALY Fal gt
D4 ESE W g AAle]r] 1 Eol

S| A

o
_\9. —{U
>y

Rl g Bk b

A9 A1z (1990)

EAH 299 Fo% A E} A2

34L& E119 4 B vlel 2ol St 1—99}F St 20
(P14 §FA ) el A o) 3+ 1 ppm o] sl g o}
St 10—19< 1 ppm °]doId 2 53] Ab= S8l (St
12)9} FuAgra (St 18)e FAE Y
B Ex 9 Aol g8 eg=gy glee ¢
Ttk =2 ER P4 A 1304 B
upe} Fo]l E<QlE oF 1—3 ppm, EFUS & 1-2
ppm, &L 2F0.6—1.7 ppm, H71A0-& ¢ 02—0.
7ppme Yeb 2 25 08 : 0041l 2% 7 e
F2& Jeligich

o
XX T

Table 13. Total-P, Condensed-P, Dissolved-P, and Organic-P of the water samples of St-12 collec-
ted at an interval of every two hours.

(ppm)
Sai?nliléng Total-P Condensed-P Dissolved-P Organic-P
2000 1.97 1.59 1.39 0.38
22 .00 1.71 131 1.15 0.40
24 .00 1.50 131 1.09 0.19
02 : 00 1.59 0.99 0.87 0.60
04 : 00 1.29 0.98 0.55 031
06 : 00 118 1.02 0.62 0.16
08 :00 2.67 1.98 1.68 0.69
10 00 1.62 1.37 1.25 0.25
12 00 1.32 1.10 1.00 022
14100 146 1.07 0.95 0.39
16 : 00 149 117 0.95 0.32
18 1 00 1.61 1.34 111 0.27

9. 722 (Suspended Solid, SS)

FREAS A FE EAske HEAN B R F
714 B4 9 34 £, %5 A2 3E Plank-
ton3} 718} W3 E, EASeY 4% A AeHdd
of A% dFEA, F5 Frid A% A
A B T2 A9, dEE FLAA 4
o Ap(qdh)A4E TR st AA A
£4E 7tHeH 8- FAAAE HEd #
Z|A7E BHEA ARt Eel e 2EA
244 £5& WHste 5 £E 23 FHA
Fag 9fr) g Zech.® felvele 83 1EYR

SS9 A+ 1, 2, 3F A5 E 25 ppm ©)&h F
4% 100 ppm °) 32 HE T glon spEaa
2o WFFE 70ppm ©lFHE A &z 9ok 2
ZALA 2] SSE E14ol B wie} o] St 5
(&) g Adstie L5 44959 #4A4E
Z23%st3 9on £33 PnAegd (St 18)&
2005} 520 ppm 224 HFFBHAY WHFF
3422 70 ppm-& 3—-7v) 2T o] sHEt
BixA s} AlFeie] 2424 2 2 A5 51129
ASolE E 12604 BE ule} o] vS Fe P
g el gt



ol I FAA A 29 Aeet 1 W (35)
Table 14. Suspended solid (SS) of water samples.
{ppm) (ppm)

ite No
MNW§‘\12345678910

ite No
Month 11112(13{14|15}16{17|18(19]20

8 28156(34(40 |2.2] 34 |52(34 (52|82

46156 (72 | 68 [100[200]| 56 | 56

11[29]10{14.5(2.5{29.5| 11 |34 (34 {173

80
63 |70 |67 |59 |38 |58 [520|94 | 59

10. A &AM F|(Surfactant)

FAAAE 34 29z A% AF LA 713
Z Y4qle] = ofol, o] &(ABS & LAS), M|
o2 A FAMAZ wiEdrl. o F g Bel At
£} & Zlo] ol A AAZN AAAYQ
ABS(Alkyl Benzene Sulfonate)v #A3A4AF 713
7t o8y 2o A4 F RAEAHeE B
87} A= QAA Y LAS(Linear Alkyl Sulfo-
nate) & AE2 QJc}.? =3 FAAAE 1 ppm
At g FHAR AEFS dode o
2, YA 271F A2t F Sl 44
e TS A A st Y A3 24§ vl sk
TAREY AFo) e w2 g9 &8
2] ABS 34¢EE 05 ppm olth. AAF 35
Toll A 24417 Fok 2417 AH o g A5 A8
4 & 12004 Be vhef 3Fo] 041 0041 & A7
EE A8A 1 ppm olAelzlen, 16: 004l
7.08 ppm 22X 713 Esich,

11. BOD £33 &3

BOD #3+3-& &3 3}7] H3) 38 24 (1989
94 2 12 : 00) & AHAF (St 12)2 % 3.2m,
o] 21m A steBoR R o] R UL
0.085mel X HFdH%°] 042m/sec 1o, whA
3 3t43F-& 9870.336 m'/day .29 od7)o] St 129
12 : 004 BOD%¢<! 31 ppm®& F3% A= BOD ¥
sheF-2 <F 0.306 ton/day 1wt & St 12914 12
0041739 BOD 14 %832 <F 0306 tono
ol <k 0.306 ton®] BOD E&o| A1A4% FT&
53t FAlA-e Fdsx eS¢ U

12. SUHEY T By Yot

Dol A AHE uhs} o] FAHE AT 54

s F e dUL Mg A Az §E2
¥ 23 sHAske &4 Vg 2 27 4
Folth. AFFHoz HH WFHIe TAASsE
AgHE 3 rlsHoR fedug RAlHe
297 JAALRE HFEo] i ot YA
Yo HAe AL Fsian =F3w 4
A& Bgste] 37 BAYo] FAslE N1ES A
28] Eader & Aold, WAIFAAE A
& AAF sof & Zolth, EF AW FAH
Az fE5o] A& 96 84 2 H=1=7BOD
30—50% & P73 H3jxs6mE 3] w4
NAs7] A zHE EEE A = e 274
A3tz Systems NYSHEE :Hof & ol
FEA AANE A4 2d9e 59 AA #4R
32 AL A 27 FEg Asde AEGS
7hX 2 A4 o fe2lo AL fANE £ s
ez Az},

i

V2

FAAY e el kAN e et $s)
o] 1989\ 8¥¥ 9¥ 239 ZAH ALY £AL
A3t g3 2L ARE dgir.

1. 8 949 F3 FA4A £ vAEH =279
ASol A Ae) g AL R Mol 258—308CEH
AAR5Hel sl AoE #AdFHA.

2. F 71F FAAFY pHE St 145 A48
& 65—85 WHelsd).

3. St 18(E=FMEA wifFe FARY FFA
A)ol A 99« DOZ} 0.7 ppm 7HA] 37 d Ao
#Ba= A,

4. St 18914 BOD7} 3= 62.1 ppm 224 £x
A4 vFr2 BOD #4312 40 ppm & ZA)
Zslgor, =8 SSE 8, 9¥dl zHzh 2007 520
ppm 224 LX<l 70 ppmE 3—74] E3} s
=5
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5. St 1841 94 %< NHs;-N°| 46.2 ppmol+} H&
AL Ex2 3A 29599 AL T3] Fo},

6. 94 F AMAE st BOD #shake <F 0.306
ton/day°) s o}

7. FAA BREcd FAMOE fFdHE AR
7Hd&eTE R Fuxd WFeda 295t
g2 Eokrh,

8. St 2(AHAF 8) 9 2417 R A5 AR
oA egEA Falge] AT FUY AYF) 9}
A4 FA7 UASE ¢ F A

9. 1979 AR 4 B4 Ao}l vlws) & o
AT AFAGt DAAE & A7 dded
AARE (A 2, St 12)8t A2 HR(St
15)AAE A2 10d F¢ Fdo] 14 ofstEy
+& ¢ F s

Ab A

¥ =5 19899% & A3} A dFuE
FPE Q79 dRoln F sl AlE EY
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