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Relationship between rural watershed characteristics
and stream water quality

Hong, Seong gu

- I L

4 & Foex
- Kwun, Soon kuk

Abstract

In interpreting stream water quality data, scientific or statistical mehtods should be
employed. Classical parametric statistical methods may not be adopted in analyzing water
quality data, due to the violation of normality. In this study. nonparametric statistical
methods, such as Kruskal-Wallis test and Mann-Whitney test, were used in comparing
water quality data from several monitoring stations. Water quality data used are those
collected in Bokha watershed, located in Ichon-city, Kyonggi province. Based on the test
results, domestic sewage is the major pollution source. A couple of sub-watersheds with a
large number of livestock do not show significant differences in water quality parameters,
It should be noted that comparison of mean values of water quality parameters is difficult
to relate water quality with watershed characteristics, The results also indicate that
livestock farming does not significantly affect the water quality.
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Fig. 1 Watershed boundary and monitoring network
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Table 1 Methods of water quality analysis

Methods Reference
EC Portable EC meter(Orion
Model 9107 potable meter)
Electrometric pH meter
pH (ORION Model 9107 po- |APHA 4500-H
table meter)
BOD [5-Day BOD Test APHA 5210 B
COD | KyCr:0y APHA 5220
APHA
NO3-N | lon Chromatography 4500-NOs
APHA
NHj3-N | Phenate method 4500-NHa
TKN | Peroxide digestion method
T-N | NO2-N+NO;-N+TKN
PO4-P | Ascorbic acid method
T-P | Persulfate digestion method | APHA 4500-P
SS GF/C filtration APHA 2540 B
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Table 2 Landuse characteristic for the sub-watersheds

Landuse (ha) Landuse (%)
Sub-watershed| Area (ha)
Paddy Upland Forest Other Paddy Upland Forest Other

WS# 1 1522.99 178.57 145.54 1052.03 146.9 117 9.6 69.1 96
WS# 2 507.82 58.02 49.45 389.37 11.0 114 9.7 76.7 2.2
WS# 3 576.7 80.07 63.58 394,88 38.2 139 110 68.5 6.6
WS# 4 1401.37 22447 156.09 927 41 934 16.0 11.1 66.2 6.7
WS# 5 155.26 40.96 23.16 68.79 224 26.4 149 443 144
WS# 6 103.02 19.08 2397 433 16.7 185 233 42.0 16.2
WS# 7 2164 63.11 15.76 110.04 275 29.2 7.3 50.9 12.7
WS# 8 278.56 64.16 32.87 1315 50.0 230 118 472 18.0
WS# 9 269.63 64.43 17.58 148.16 39.5 23.9 6.5 549 14.6
WS#10 873.4 75.7 103.15 585.73 108.8 8.7 118 67.1 125
WS#11 972.18 184.8 77.39 641.15 68.8 19.0 8.0 65.9 71
WS #12 476.73 104.17 46.67 242.23 83.7 219 9.8 50.8 175
WS#13 519.96 118.93 51.28 289.09 60.7 229 9.9 55.6 117

Total 7874.02 | 1276.47 806.49 5023.68 767.4 16.2 10.2 63.8 97

_58_



off
F]’N’
£
82
Jn

A stdsA e BA

Table 3 Population/sanitary sewage treatment and livestock status

. Population Sewage Sanitary sewage
Sub- Population density No- Treatment ) Treatment Septic
watershed (98) (p/ha) treatment Plant Collection plant system
WsS# 1 2,117 1.39 2,117 2,117 0
WS4+ 2 315 0.62 315 235 80
WS# 3 261 0.45 261 227 34
WS# 4 1,701 121 1,701 1,576 125
WS# 5 529 341 529 502 27
WS# 6 1,648 16.0 0 1,648 0 1,648 0
WsS# 7 126 0.58 126 111 15
WS# 8 962 345 962 866 96
WS# 9 190 0.70 190 190 0
WS #10 747 0.86 747 715 32
WS #11 840 0.86 840 840 0
WS#12 601 1.26 601 601 0
WS#13 426 0.82 426 426 0
A 10,463 8,815 1,648 8,406 1,648 409
Table 4 Sizes of livestock and types of animal waste treatment
Dominant Cattle Hog Chicken
Sub- treatment
watershed type ‘96 98 | (%)* | 96 ‘98 (%)* '96 98 (%)*
(solid/liquid)
WS# 1 LA/LA 38 40 105.3 0 1,000 - 8,000 35,000 4375
WS# 2 - 40 0 - 1,550 0 - 35,000 0 -
WS# 3 LA/NT 75 0 - 570 700 122.8 10,000 0 -
WS# 4 LA/TT 579 715 | 1235 | 3167 3,879 1225 0 0 -
WS# 5 LA/LA 0 30 - 976 1,400 1434 0 0 -
WS# 6 - 6 0 - 0 0 - 0 0 -
WS# 7 LA/LA 145 178 1227 821 0 - 30,000 45,000
WS# 8 LA/LA 164 70 426 0 0 - 0 0 -
WS# 9 - 20 0 - 55 0 - 0 0 -
WS#10 LA/LA 457 754 164.9 871 300 34.4 | 109,000 0 -
WS#1l LA/TT 461 612 132.7 0 0 - 30,000 0 -
WS#12 LA/TT 415 870 209.6 2,589 6,514 251.6 20,000 0 -
WS#13 LA/TT 293 846 288.6 280 1.578 563.5 | 115,000 47,700 414
Total 2496 4,115 10,879 15,371 357,000 | 127,700

I

Types of treatment :

. percent mcrease compared to value of '96
LA-land application, NT-no treatment, TT-treatment
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Table 5 Description of industries with over 20 m'/day

water use
Sub- Types of Water use
watershed manufacturing (m%/day)

WS# 1 [communication devices 20

WS# 4 starch/sugar 80

WS# 8 beverage 1.340
seasonin 200

ws#ll etc. ) 300

3 F9 9goA AHE=EZ J= AA e tH(Table
3).

A8 AEE 199633 199839 23)o] A A
ZAEATh 19961 13k ZAF oo H]shA] 1998
e g9 ATl IA 24 i, =ix9
29 AEESFE A S7MEEeE € £ U
o 2F9d 19983 A 2EE ASFESFE
Table 44 vebd wiel oo diREe a4y
7h A SRR AE WHOZA EHugete FX
#9837 AUk

4 g4%o0] 20 m*/day ©)43 PAE Table 5
o UEhd vle} 7bo] WS#1, WS#4, WS#8, 1
g WS#lldl fx&3z sk B3 WS#sH
WS#112 o &30 thE Af90 uvja] A
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A A olslg 4 Atk Ty Exolgolu ¢
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dgg e APy ANAE FARH
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FAREY 42 M= HAFED FAEH
ARWHE Medidol gt kAR dg o
S5 243d ZA (parametric test) S ZH&3817)
A= RE7F Gaussian £ ATERZE 1A
ofshl 3 S E A 134 & A4t
Bt whebd SRR AXAY GFEEe 7
Aol 27HA ¥+ ¥WESF HA Y (nonparametric
test) & ol &sloftch 54 dHolEe o) o]
&7 Iyt Be A FAYEL £9 F:
£ 71 F gl7] gEoltt dE Eo WS#19
BOD+¥ log-normal ¥ 30 wtEciy #od £ gl
HFigure 2). @l £3 dolee] HgXof o
A Bty fEiME iy HRExg
7HI3E ¥eR 3R g vETEH FdAWYE o

gaheio} woh

a o L) ~ ®

No of obs

oo = N w

.01 1.01 2.0t 3.01 401 5.01 6.01 7.01 8.01
BOD(WS#1)

a) Frequency distribution

No of obs

I
AR

801 101 201 301 401 S01 601
BOD(WS#1)

b) Cumulative distribution

Fig. 2 Distribution of BOD at WS#1 for log-normal
assumption.
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R 52 A4 (nonparametric test) 7HEEl
27} BEEE vinde Wi deled &d&
o] &3l «$1% (Wilcoxon rank sum) ZHAeut
H 549 (Wilcoxon signed-rank) HAE AT%
F ot FI3EY 2RSS BHXAZ weled o
& PYaAE HAAsisd ol4% & Utk W
9% AR 24 xRo2RE 23 =39
ZAgY WFAE v, AAsEY o) 4Pk &9
§ AAS KA FAHwEAE Mann-Whitney
AAe) Ak 278 ool HEo| tiE HF M
DollE 24F ARNYPOEZA Tukey AAYoIY
Duncan AAY & °14¥ F Jon, HESFH
71M e 2 Kruskal-Wallis Z & olv} Jonckheere-
Terpstra 23S °]&& % 2AcH(Hollander and
Wolfe, 1973). 271 o]4e] Fd st ARHES
Agaty gEY ojol A FEE BIEE
otk Ha £3d 2 FHd O 9549
Qe v 2ty ¥ ", Kruskal-Wallis 49 AF
A3 dysid-e oda 2o

2

H 'ty =t =1t3=_ =71]

H, : Not all equal for | T, T3 = T

Mann-Whitney A& z}zh thgx 2o}

Ho:tl =12
H 1 # 2

HoEhe WS *@Zh% i %19.‘4. o]
fFoFE a o w7t AHYAL F, a
31 A7) W Eo} wEsH shHe o)
& o] &&of 3,

B AFoMHE 259 7 358 452 A
ojo} theled Kruskal-Wallis 7
ARANE FAHo2 BAsden AFEHE v
goz #82d FARTe F5Ae) BAE
AR st £ tiFHES A3 £ ANOVA
2 post hoc A2 2XM Duncan® oEB|ZHA

Table 6 Descriptive statistics for BOD

WS # No. of Mean {Median| Minimum |Maximum
samples

WS 1 37 3.05 2.70 105 8.20

WS 2 37 | 240 | 230 051 460

WS 3 37 247 2.20 0.60 590

WS 4 36 3.54 3.10 0.60 11.70

WS 8 30 8.46 6.35 0.80 28.50

WS10 36 2.51 2.40 0.20 8.87

WSI1 36 2.72 2.80 0.90 5.30

WS12 26 3.31 3.50 1.40 6.23

WS13 15 3.13 3.00 1.65 5.20

2 g AAE 7E nlgsigd, B A3
M olE HAL StatSoftAle) Statistica release 5.0
£ ol&3gic

2 #2Y BIsEo| Hlm ¥
S SMTel 2

7t. BOD

269 WS#8olAe] Hy@ BOD 846 mg/LE
Aoaty Uma AfgddME 24 - 33 mg/Le
M2 vep 3 gtk (Table 6, Figure 3). &7
WS#82] BODYHSI+= 08 - 285 mg/LEAM EF
Hat =3t o E {Fool vsA il =Udd

BODoll tisiA Kruskal-Wallis AAZAs #AF7L
Aol 7]ztso] EAUA 97F AR Alole] zlo)
7b o Aoz JeElgtip=00129). &%9 7t
v ZE &7 9dsiM 2FoR o] EHFY Z
#, WS#1, 2, 39 37) &2/ WS#10, 11, 12,
139} 470 2H 94 E 5% FE94 HF BOD
Fx xoprt gle R2E etk v oF
770 AFdel diM wxd Ad AR
WS#127F vyl f9 nigiy o3 (Exd) A
o2 vebgth

9 7k dojd vz E 9% Mann-Whitney

A3 A3 Table 790 Webd vreh 21(95% 2
HAEFE). OFEAE B Ay F /97 37 §
9o Aolo] fHojAe] A&FE dehdth &FY

8

_61_



Py T A M43d A3E 20019 59

BOD

30 I Min-Max
1 25%75%
O Median value
24

Conc. {(mg/L)

Géﬁéé LELE

WSt WS2 WS3 WS4 WS8 WS10 WS11 WS12 WSi3
Watershed

Fig. 3 Box-Whisker plot of BOD for watersheds

WS#42 125 A%9 WS#2, 3, 1001 H|EA
BOD7} &3 WS#8RUE woul UMz {99z
B ogEx @ ez Jgnt d¥ 4A&Y
WS#10S WS#4, 8 1201 visia wou vz
F9a3E 24 ¢85S ¢ F AUtk

Table 7 Significance of differences in average BOD
concentration by Mann-Whitney test

WS1 | WS2 | WS3 | WS4 | WS8 |WS10{WS11|WS12|WS13
WS 1 ¢)
WS 2 olo o
ws 3| oo o
WS 4 oo
s § ololo]oe
W10 0
WSI1
W12
W)

© :significantly different between two sub-water-
sheds(p<0.05)

‘"?}fd H5HEE 54 ANOVAE 28 §9
= Q?_]-}J’_ (F=9214), A1FHARLR
A Duncan ZAE 8% A#= Table 8o Yt
¢ oubel ok E=OE AAEEALRA oldd
Tukey ARANME £2FF WS#8 o] {5t
Uz §93 Zolrt e AOE el

Table 8 Result of Duncan’s multiple range test

WS1 [ WS2 | WS3 | WS4 | WS8 [WS10| WS11|WS12| WS13
0

WS1
WS 2 0

WS 3

WS 4

WS 8 0|0
WS10 0|0
WSl

Wws12

WS13

0|0
0

(<R eReR{e)
o

o
(<]

© :significantly different between two sub-water-
sheds(p<0.05)

AARANE FNAM 23 H, AR WS#4,
8, 12& ©& d:T"r"—“M] Hls] BOD H# =7t 4
ez oty F Aok A5 WS#H4, 8,
120 A f S-S AuEy AFYEsE 747
1.21, 345, 126 ¢/haZA yojA] o] HSHA
AR ez gon FAX &S 7z 271, 348,
31.7% 24 UeA] f9e vzl th Frh olE
9 WS#4, 8 120] & FAEFE & ST
F7F zZ+2+ 715, 70, 870F°13 SR AlEERSE
2tzt 3879, 0, 6514°]ch ol8ld FHE%ES BOD
B s #AE AuEY {99 AFIE
o HE FHo) YL ¢ & Urh N
9 WS#49 129 AS siAY A&FEFIL
gyog w3 WS#89 AL I3 n9gS
& g g2y /9 W st F9 BODe
%9 AISFS Hoe AFHUE T2 AFsrs
Fdo] Juiz BT F Yok EE WSHB &
Aste AAAe 9Y £5%F0) 1,340m’e1 22 o
ZREY $AHE egRIEE AAE £ YA,
gas AzdAzE e AWstA diRFol A
Fozg e AL AAsior@dch 4f9
WS#4%} 129 BOD Hd =7t & F94 )
M Aodezr g2 AR #
T YAe Agsied] s A
=3

nE‘-

3o oz b

AW Ee A7
o
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Lt. SE 2 (TN) ™

ZAr HE FEE AFY WSH8Y 6384 o —
mg/LE MEH BF 32-407 mg/Le) W £ mores
A R fAEA et (Table 9). Figure | T
g4 BE wrsh Zo] e TN ¥59 WHst 2=
EH*“ FAEIY 53] median @& Ao A=A gzo

T 9ee ¢ & Uvh Kruskal-Wallis 23 A3t " T

TNS) 2% %9 2ol TN Hae M2 gax g 0 JDDL[_ﬁL [
2 Zoz Jelwt (p=05708). 2F9 WS#HS W81 WS2 WS3 WS4 WSS WS10 WS11 Ws12 ws13
ol u = ) g;] o W&l o B watersheds
onio ol E] ; j—,_s}iq; = ;—L J_}] E]]_H '_:*‘: 92 Fig. 4 Box-Whisker plots of TN concentrations for
NS Aol7h @ RO et w B watersheds
TNel A9l WS#33 WS#8 94 g2 ae o Zel (TP)

S8 e o) &fe AMGl e Kruskal-Wallis A3

Kruskal-Wallis 4843 Af% 7+ TNY =z
b gle Rez uERgr] W &f9 T 1l
N7 E 9% Mann-Whitney A& "aAL ¢l
Rk, EA median ol HAQY AFY WS#3%
FHF9l WS#10o1 thal A Mann-Whitney A2
3 p el 0.0532.2A4 90% Al FTAXME Aol
b oz @ 4 Utk digEd ¥ ANOVA 2
FolME  Kruskal-Wallis A F 7t w27t 2
TN HaFeTol glolM KA ol EA3A
g Aoz Yehyn

Table 9 Descriptive statistics of TN concentrations

WS# s?;p?;s Mean |Median| Minimum | Maximum
WS 1 37 3404 | 2326 | 0.084 15.790
WS 2 37 3.241 | 2213 | 0.110 14.540
WS 3 37 2934 | 2110 | 0.060 14.650
WS 4 35 3.298 | 2250 | 0.065 14.180
WS 8 31 6.384 | 2.460 | 0.094 51.990
WS10 37 4066 | 2972 0.047 26.870
WS11 36 3.676 | 2.625 0.026 16.686
WS12 26 3.201 | 2357 0.029 15.880
WS13 16 3.897 | 2.553 0.097 16.285

Az, 9 7 HF TP x99 Hol7t EAst=
22 Jelgt (p=00001). WS#83 WS#13
o HF TP ¥=& Z+z 0426, 0197 mg/LEA
ANHez goton WS#8E Urz] o) 9
& o 3 Ve EEE& & 4 UtHTable 10). &
9 WS#83% 135 A3 Kruskal-Wallis
AR Ao §92 TP ¥x9 o= gl
' Ao g velgr} Figure 5914 yebd viep 7
o] median % F3 WS#83 130 T H{9q
HE A oh g4 AXET s & 5 AUt
Table 103+ Mann-Whitney 23 A3 (Table 11)
£ 49 B9 Kruskal-Wallis 23 ZAatel ohabs}
A2 WS#89 TP ¥5& UaA EE §d 9|
M FSE ¢ F Ao, WSH102 WS#1, 4,
8, 139 HlalA Rt AE ¢ F Utk WS#I3
< 0197 mg/Le TEE 71A WS#8 #9& Al
g UoA 96 vEA gy FHE £ 9l
o1} Mann-Whitney A A3, WS#132
WS#1, 4, 12 Hode= 037 28 = goh
WS#8Z 71Y w2 UTHUEE 27 9 Zd
BOD$} vizt7tx|2 TP 94 A¥sl-2 98 *
A vestty Bddc 3 OWS#139 A
WS#1, 4, 8% A Umz FHo nvislA
t AFY WS#132 AFgsrt Addidez ¥
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o 7tE AEFTS FRAY g0 A g2
Zo] EAelch 28y WS#130lA TP7F Ath 3
22 5 AAE HEY AS T A9 v
& wFolgt ‘:}1*31'71‘:— 23k 49 A9
ASE7E B2 WS#129F WS#139 AS TP
7t Y = -ﬁ’-@b} 27 7] dgFolct
ANOVA A3} 9A] Kruskal-Wallis 2443}
5934 Jetgoh Ducan AACME WS#83
WS#100) UHx §93 & ZAoE YEgL
o, WS#132 WS#33 WS#H11o] HvsiA z}o)
7 e AR JEwoh F WS#8E ur A

Table 10 Descriptive statistics of TP concentrations

WS # No. of Mean | Median jMinimum|Maximum
samples

WS 1 36 0.132 0.09 0.002 | 0.560
WS 2 36 0.115 0.08 0.012 | 0.450
WS 3 36 0.123 0.06 0.007 0.540
WS 4 35 0.151 0.08 0.022 | 0.804
WS 8 30 0.426 0.36 0.068 | 2.608
WS10 36 0.103 0.05 0.003 | 0.612
WS11 34 0.133 0.08 0.018 0.470
WS12 26 0.170 0.09 0.020 | 0.950
WS13 16 0.197 0.16 0.045 0.480

Table 11 Significance of differences in average BOD
concentration by Mann-Whitney test

TP

T I Min-Max
24 T3 25%-75%
O  Median value

conc (mg/L)

WS1 WS2 WSS WS4 wss WS10 WS11 WS12 ws13

watershed

WS1| WS2 [ WS3 | WS4 | WS8 |WS10|WS11|WS12|WS13
ws 1 oo
WS 2 0 0
ws 3] 0 0
Ws 4] o|o
Ws 8 ololo|o
Wslo| 0
Wstl| 0
Wtz
w3

© :significantly different between the sub-water-
sheds(p<0.05)

Fig. 5 Box-Whisker plots of TP concentrations for
watersheds

BE R0 vsiA TPEE7F 23 WS#102 o
2 EE /94 bl TPEE7F ¥z #ad
F Uth Tukey ZAAANME WS#130] 289
WS#10 & /et o8 ez el

2t 7S

A Dto| A

B2 (nonparametric) ZA¥MH<2 Mann-Whitney
AAF Kruskal-Wallis #AA ZAFE Faog
BOD, TN, 282 TPl thd #HaF X9 zlold
Fredol e H9 T FEEAL AuE Fs
FEsiA 9% £ UN" A4S BODS} TP9
AY JAFEE, & g3t dHT Bdo] A
e Folth #9 W Fitel 93 o) i
G Aoz Ix ¥ ALZ BuHEt)
7t% ARREF7E M B2 WS#H124014 BOD7t
g4 03 & $ o WS#8d) vls) won
AR RS AiRer AL A/Y9 WSH1H
WS#113+ o]zt §17) wiolh, gy gl 4
F7HA EHustE 23 $AHYCE HFAERE
A7) dEeR BaHy, §9 U 4ty
FAE L X2zAd weld 9%g
AuE EAbgprte] ¥ 3 LEFAE JUFHo

2 FAde AL vt

B AFolM Exolfx FAA FAE Ay
£ gk A9 AFus BE AFH
A 211-348% FEold, FAXAY ulgol 7+
¥ AfF9ol WS#80I7] W] T E 29

i
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e A

3 ZH M Aol s
V&9 AMEFFIF AdFHeR =
WS#4, 12, 139) 4% 3717 && 2% ol
O E FUI FHFITE olF 99 F 24
AL Fabgvte] g% Ao FAE & vt 1
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