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A Study on the Characteristics of Water
Pollution in Rural Areas

Han-Tea Kim, Soon-Kuk Kwun

Abstract

The objective of this study is to understand the status of the water pollution in rural areas and to furnish
a basic material for the management of the water pollution in rural areas. For this purpose, the Bokha river basin,
Ichon-Gun, Kyungki-Do considering as a typical agricultural area was selected as a representative experimental
watershed. The characteristics of water pollution in streams of the Bokha river basin was revealed by investigating
and analyzing data collected for the source of pollution, water qualities in reaches of the stream, the degree of
contribution to the river contamination by pollution mass produced from each source, and the status of the self-
purification at the main stream.

The most important source of the water pollution in investigated watershed was livestock, and the next important
one were in the order of population, land use, and industry. The water quality of the Bokha river was relatively
favorable judging from the BOD and COD concentration, however since the concentration of T-N and T-P showed
significantly large values, it was concluded that the river was seriously contaminated by the nutrient material.

The main cause of the river contamination was proved due to livestock waste. For the T-N, both land use
and livestock were much more contributied to the pollution than any other source, which characterized the typical
water pollution of rural areas.

Run-off ratios for the Bokha river tributaries to the main stream were changed according to the similar trend
to the variation of discharges in the branch streams. For the value of the self-purification constant at the main
stream, it showed smaller value in the downstream reach than the middle-stream and upstream reaches, where

could possibly have smaller reoxidation action due to slower velocity and deeper water depth.

* ONEREE BREGHEBAE BTEH
Department of Agricultral Engineering, College of Agriculture and Life Sciences, Seoul National University,
Suwon, Korea.
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Table 1. The characteristics of stream in watershed
Drainage Stream Watershed Shape Stream Stream
Stream area length mean width factor density width Bed slope
A (Km) L (Km) A/L (Km) A/L? L/A (m)
Bokhachun 79.98 17.0 4.70 0.28 021 20-121 1/142-1/530
Sikgumchun 516 22 2.35 1.07 0.42 12- 25 1/23 -1/155
Jakchonchun 508 22 231 1.05 043 7- 25 1/34 -1/162
Kaunrichun 11.81 54 218 041 0.46 7- 30 1/63 -1/218
Haewaulchun 9.71 49 1.98 040 0.50 8- 40 1/50 -1/149
Maegokchun 9.84 43 2.29 0.53 0.44 10- 30 1/67 -1/182
Danchunchun 5.14 31 1.65 0.53 0.60 12- 30 1/103-1/167
Dongsanchun 6.68 36 1.86 052" 0.54 9- 31 1/104-1/286

~=—= Boundary of watershed

Boundary of subsptershed
~{ Sampling polnts of main streas
Sampl Ing pointa of branch rtrems
tershed
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Table 2. List of water sampling point

Name of Location Admistrative region

sampling Sampling point

point in stream Gun Myon Ri

1 Main stream Yongin Neesa Chewgae 5km from watershed boundary
2 Main stream Ichon Majang Yanchon Before conflux point of B
3 Main stream Ichon Majang Ochun After coflux point of C
4 Main stream Ichon Majang Duckpyoung 1| After coflux point of WS-6
5 Main stream Ichon Majang Duckpyoung 2| Before conflux point of WS-8
6 Main stream Ichon Hobop Magok Before conflux point of E
7 Main stream Ichon Hobop Jumi Under the Jumi bridge
A Sikgumchun Yongin Neesa Sikgum End of Sikbumchun
B Jakchonchun Ichon Majang Yangchon End of Jakchonchun
C Kaunrichun Ichon Majang Hoeuk End of Kaunrichun
D Dukpyoung Ichon Majang Duckpyoung 1| End of WS-9
E Maegokchun Ichon Hobop Maegok LEnd of Maegokchun

Note :

main stream is Bokhachun
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Table 3. Treatment of nightsoil for each subwatershed

(unit : capita)

133

Subwatershed Septic tank Collection Others Total

WS-1 115 1656 529 2300

WS-2 0 97 65 162

WS-3 33 39 122 194

WS4 16 55 476 547

WS-5 57 57 1033 1147

WS-6 20 68 310 398

WS-7 197 455 863 1515

WS-8 0 11 218 229

WS-9 30 202 1184 1012

WS-10 0 23 210 233

Ws-11 50 123 7 944

WS-12 34 84 720 838

WS-13 116 87 376 579

WS-14 28 39 484 551

Total 696 2996 6763 10455

Table 4. Pattern of livestock waste treatment
(unit: head)
Subwatershed Cow Pig

Total A B C D Total A B C D
WS-1 190 0 126 64 0 1666 1358 295 13 0
WS-2 48 0 43 5 0 26 0 26 0 0
WS-3 80 80 0 0 0 48 0 48 0 0
WS4 41 0 9 32 0 1170 674 450 46 0
WS-5 397 0 335 62 0 2912 1750 1144 18 0
WS-6 17 0 0 17 0 300 0 300 0 0
WS-7 102 0 102 0 0 1905 1750 155 0 0
WS-8 25 0 12 13 0 350 0 328 22 0
WS-9 42 0 40 1 0 15 0 0 15 0
WS-10 44 0 30 14 0 103 0 103 0 0
WS-11 643 100 221 146 176 1159 258 335 40 526
WS-12 544 52 402 90 0 221 0 185 36 0
WS-13 264 0 205 59 0 2731 2069 611 51 0
WS-14 353 142 141 70 0 661 0 647 14 0
Total 2790 374 1667 573 176 13267 7859 4627 255 526

Note : Type of A is cattleshed = wastewater treatment plant —>discharge
Type of B is cattleshed — septic tank — discharge
Type of C is cattleshed = discharge
Type of D is cattleshed — septic tank — wastewater treatment plant — discharge
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Table 5. Wastewater discharge from industries in each subwatershed

Textile Beverage Machine Others
Sub-
Watershed No.of Discharge No.of Discharge No.of Discharge No.of Discharge
factory (m7day) factory (m7day) factory (m7day) factory (m/day)
(unit) (unit) (unit) (unit)
WS-1 3 11 0 0 3 30 4 7
WS-5 0 0 1 10 0 0 0 0
WS-7 0 0 0 0 0 0 2 2
WS-8 2 13 0 0 1 20 0 0
WS-9 0 0 4 1150 0 0 1 156
WS-11 0 0 0 0 1 1 4 55
WS-12 0 0 1 160 1 20 2 10.5
Total 5 24 6 1320 6 71 13 181
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Table 6. Pollutant mass unit produced from population

(unit: gr/capita/day)

Reference BOD T-N T-P

Survey report on the agricultural 395 10.8 1.9
irrigation water pollution(1991) *’
Enviromental pollution in estuary reservoir
and establishment a prevent measure of 44.0 10.8 1.9
eutrophication.( 1)(1987) ™’
Model analysis of water pollution 43.0(16.0) 8.6(7.15) 1.22(0.68)
(1986): Japan *'
Survey report on the water quality and
pollution source in Daechang dam watershed 43.0 9.75 1.68
(1986) ©'
Development on the technique of
enviromental management in Han river 46.6(24.0) 8.11(6.78) 1.15(0.89)
basin, (1) (1991) ®' :

Value applicated 43.2(20.0) 9.60(7.0) 1.60(0.78)

Table 7. Pollutant mass unit produced from livestock

(unit: gr/head/day)

BOD T-N T-P
Reference T
Cow | Pig Poulty Cow | Pig Poulty Cow | Pig Poulty

Survey index of enviromental | 600 200 - 290 40 - 48 25 -
reservoirs(1982); Japan"' |
Survey report on the
agricultural irrigation water 640 1256 - 128 20 - 72 16 -
pollutionl(1991) '
Enviromental pollution in estu-
ary reservoir and estabilshment | 640 125 125 128 20 25 72 16 14
a prevent measure of eutrophic-
ation, (1)(1987)""
Survey report on the water qua- f
lity and pollution source in 640 125 4.5 125 21 0.96 72 16.8 0.78
Deachang dam watershed(1986)°
Development on the technique
of enviromental management in | 638 167 4.1 219 38 1.36 40 13 048
Han river basin(1991)°"

Value applicated 632 148 7.0 178 28 1.60 61 174 0.89
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Table 8. Pollutant mass unit discharged from livestock waste

(unit: gr/head/day)

Livestock Item A B C D
BOD 54,75 503 632 121
Cow T-N 26.70 148 178 99
T-P 6.44 55 61 30
BOD 18.75 71 148 28.4
Pig T-N 5.35 23 28 154
T-P 2.40 15.6 174 7.7

EXgHE oz MEys edEde Foded

Zol dAS AN EE AXNA g WHEHEZ 09
B4 W29 LEEE Y9 #& 12
AbgE T BEXERE 2AsEE 2dEdy el
9ot o FHE At HEEES AHEE THE
AATLy SdggE B a3 Agsgden B
Aol &¥2 YehlH BODE =] 5.18kg/km7Yoln,
W 456kg/km%Y, Yoke LOkg/km74, 71E} 0.96kg/
km?7Y. T-N& = 895kg/km¥Y, ¥ 9.24kg/km¥ Y, Yok
464kg/km?Y, NEF 464kg/km¥Y, T-PE = 0.39kg/
km%%, ¥ 0.28kg/km7%, UoF 0.021kg/km7Y, 71E
0.027kg/km¥Q ot}

B A7 ggAdFde AT FFEE AAH
BAEE #3T 9lon FF¥45 BODFEE Hi
20mg/ ¢ & ZAME Y BODSY wj&d99E
Frol MEFE Fao AAHHHT T-NY 2$ dF
AZAA 3569 ¢/Y/m® SFEF AR 15869/ /m’
718} 35.74g/9/m? T-PE A% AxAH 345¢/9/m’
SERE AXAN 734g/Y9/m’ 7]EF 1147y Y9 /mE =
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189 69%% AA I om, Hgslsrd o w2
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HP 74%, TEAH 21%Y To2 WEH D gl
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Table 9. Pollutant mass discharged for each subwatershed
(unit: kg/day)

Watershed Item Watershed Item

source Source

number BOD T-N T-P number BOD T-N T-P

Pop 545 6.5 2.1 Pop 53 0.5 0.2

Liv 126.9 45 190 Liv 384 121 6.9

WS1 Land 282 83.0 14 WS 8 Land 6.9 153 04

Industry 218 18 0.5 Industry 0.0 0.0 0.0

AF 17 03 0.0 AF 0.0 0.0 0.0

Total 233.1 136.1 23.0 Total 50.6 279 7.5

Pop 37 04 0.3 Pop 237 2.7 0.8

Liv 18.0 7.8 31 Liv 15.0 6.5 26

WS 2 Land 75 26.7 0.3 WS 9 Land 4.8 149 0.2

Industry 0.0 0.0 0.0 Industry 65.3 24.7 12.8

AF 0.0 0.0 0.0 AF 0.0 0.0 0.0

Total 29.2 349 37 Total 108.8 48.8 164

Pop 48 0.7 0.2 "Pop 54 0.5 0.2

Liv 78 32 1.3 Liv 25.2 9.3 4.1

WS 3 Land 18 6.6 0.1 WS 10 Land 6.0 118 0.2

Industry 0.0 0.0 0.0 Industry 0.0 0.0 0.0

AF 0.0 0.0 0.0 AF 0.0 0.0 0.0

Total 144 10.5 1.6 Total 30.6 216 45

Pop 131 15 0.4 Pop 223 2.7 0.8

Liv 74.3 220 11.6 Liv 228.6 849 376

WS 4 Land 15.6 29.6 04 WS 11 Land 19.7 55.8 09

Industry 00 0.0 0.0 Industry 03 0.1 01

AF 0.0 0.0 0.0 AF 15.0 29 05

Total 103.7 52.5 124 Total 2859 146.4 39.9

Pop 272 3.3 09 Pop 19.7 2.3 0.7

Liv 257.3 90.8 412 Liv 200.0 716 314

WS 5 Land 26.5 72.3 15 WS 12 Land 29.3 576 0.9

Industry 05 0.2 0.2 Industry 79.8 32 2.1

AF 35 0.6 0.1 AF 24,1 44 0.8

Total 3150 166.5 439 Total 3529 139.1 35.9

Pop 9.8 11 0.3 Pop 14.8 2.5 0.7

Liv 320 99 49 Liv 189.1 674 30.8

WS 6 Land 37 94 0.2 WS 13 Land 17.8 305 05

Industry 1.6 1.2 0.3 Industry 0.0 0.0 0.0

AF 0.0 0.0 0.0 AF 0.0 0.0 0.0

Total 47.1 216 57 Total 221.7 100.4 320

Pop 373 54 16 Pop 13.0 16 05

Liv 4.7 28.0 13.2 Liv 142.7 524 233

WS 7 Land 42 10.2 03 WS 14 Land 19.0 44 09

Industry 0.1 0.1 0.0 Industry 0.0 0.0 0.0

AF 0.0 0.0 0.0 AF 0.0 0.0 0.0

Total 116.3 437 15.1 Total 164.7 984 24.7

Note: Pop is Sewage + Nightsoil
Liv is Livestock waste Total 20748 10484 266.3
AF is Accommodation facilities
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Table 10. Results of investigated water qualities from the main stream

Item Site 1 2 3 4 5 6 7
Water
Temperature 18.1 19.6 215 21.6 212 22.5 229
(t)
pH 6.1 6.5 6.3 6.4 6.3 6.8 6.8
DO 9.0 93 9.1 82 95 8.8 10.5
(mg/L)
BOD 12 1.05 0.8 1.5 1.65 1.0 1.0
(mg/L)
COD 3.7 34 28 4.0 5.0 2.8 35
(mg/L)
SS 35 0.8 14 4.0 51.1 6.3 44
(mg/1)
TKN 0.541 0.444 0.467 0.630 0.420 0.327 0.467
(mg/L)
NO:-N 0.054 0.037 0.028 0.033 0.024 0.019 0.026
(mg/L)
NO:-N 3494 2.754 2.365 1.492 2.092 1.593 1.625
(mg/L)
T-N 4.088 3.235 2.860 2.156 2.536 1.939 2.078
(mg/L)
NH:-N 0.117 0.031 0.065 0.054 0.085 0.131 0.038
(mg/L)
PO4-P 0.267 0.227 0.267 0.280 0.175 0.188 0.280
(mg/L)
T-P 0.563 0.531 0.569 0.692 0471 0.581 0.555
(mg/L)
Electrical
Conductivity 0.129 0.115 0.124 0.132 0.138 0.144 0.134
(dS/m)
Note : Average value from the measurements of three times.
Qovf i 252 A3 oA BPS Holn gtk Mee $A4% Gl ged o) BHqce ¥
pH(F Lol &5 E)e A ZAMAHAAM 18 #& Kol A5t BRE FY57) 2o o APED 24
Ao I EEE61~68010 DO F4E A Ao Yebd Ao AddEd,
B 85~105mg/Le 2 %EF Help 4iAHo] T-N# T-P9) v HAAHOE 19~40mg/l, 047~
AFEYG 2o ol A Ao 4t 0.69mg/L, A ZaFA71EY 7h3 9 g4 Vi
7t FrgHe] 5o £8L7 Wol £ARY OB o H3te] T-N9 g=e 13~278), T-P9 s 31

gt 2t A3¥W BOD 2 CODY HHle Aoz
2+7} 1.2~1.65mg/L, 28~50mg/LE A FHBAVE
I 58& UEse $ad FTo|th £ 4, 5HA3
o4 BOD 2 CODS ¥=7 ge2Ayrd & A
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Fig. 2.(a) The concentration of BOD, T-N and T-P

and flow rate in first measurment
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Fig. 2.(b) The concentration of BOD, T-N and T-P

and flow rate in second measument
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Fig. 2(C) The concentration of BOD, T-N and T-P

and flow rate in third measurment
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Table 11. Results of investigated water qualities from branch streams

Item site A B C D E
Water
Temperature 18.3 19.8 21.8 24.5 213
()
pH 6.5 6.3 6.5 80 6.8
DO 94 1.0 95 44 7.7
(mg/L)
BOD 16 1.0 6.5 10.3 09
(mg/L)
COoD 5.7 2.3 13.6 34.5 2.6
(mg/L)
TKN 0.187 2.250 0.280 4.062 0.700
(mg/L)
NO: -N 0.037 0.037 0.093 0.403 0.027
(mg/L)
NO:-N 1.130 2.630 1.295 1.212 2775
(mg/L)
T-N 1.533 2.710 1.668 8.164 3,502
(mg/L)
NHs; -N 0.074 0.170 0.031 3.561 0.031
(mg/L)
PO, -P 0.241 0.670 0.161 8.888 0.148
(mg/L)
T-P 0.489 1.050 0.623 6.359 0.522
(mg/L)
Electrical
Conductivity 0.115 0.103 0.145 0.710 0.130
(dS/m)

Note : Average value from the measurements three times.
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Table 12. Runoff ratio for branch streams
1st Measurement 2nd Measurement 3rd Measurement
Watershed Item ° Discharge
(Site NO) loading Flow Inflow Runoff Flow Inflow Runoff Flow Inflow Runoff
(kg/day) rate loading ratio rate loading ratio rate loading rate
(m¥s) (kg/day) (%) (m¥s) (kg/day) (%) (m¥s) (kg/day) (%)
Pyoung BOD 233.1 0.043 6.7 29 0.214 24.0 10.3 0.164 5.7 2.5
chang T-N 136.1 0.043 10.7 7.9 0.214 34.1 25.1 0.164 106.9 78.6
n T-P 23.0 0.043 0.6 2.6 0.214 0.7 3.0 0.164 21.2 91.7
Sikgum  BOD 29.2 0.020 2.8 94 (0.142 134 45.9 0.094 9.7 33.2
chun T-N 349 0.020 31 89 0.142 20.7 54.3 0.084 89 255
(A) T-P 3.7 0.020 04 10.8 0.142 0.036 1.0 0.084 11.0 297
Jakchon BOD 103.7 - - - 0.087 45 4.3 0.098 12 12
chun T-N 52.5 - - - 0.087 13.9 26.5 0.098 32.7 62.3
B) T-P 124 - - - 0.087 0.5 4.3 0.098 17.3 139.5
Kaunri BOD 3150 0.018 20.0 64 0.197 88.4 28.1 0.154 18.6 59
chun T-N 166.5 0.018 4.8 2.9 0.197 19.1 11.5 0.154 10.7 64
©) T-P 439 0.018 0.3 0.7 0.197 1.7 3.9 0.154 21.2 48.3
Maegok BOD 3529 0.011 1.7 0.5 0.124 54 15 0.180 4.7 1.3
chun T-N 139.1 0.011 35 2.5 0.124 214 154 0.180 75.6 54.4
(E) T-P 35.9 0.011 0.2 0.6 0.124 0.04 0.1 0.180 20.5 57.1
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Table 14. Self-purification constant of main stream

Deoxygenation Reaeration Self-purification
Reach coefficient coefficient constant
(kv) (k2) (03}
Upstream* 0.160 2.77 17.31
Middle stream** 0.134 1.27 947
Down stream*** 0.113 0.58 5.13

Table 13. Reaeration coefficient of main stream

Equation Middle Downs-
applicated | Upstream® | stream™ tream™**
k2
(/day) | OConnor 2.77 127 0.58
Isaacs 399 273 0.67

* Upstream : Sampling point (U~(3
- Middle stream : Sampling point @~®
“**  Downstream : Sampling point &~
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