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The Analysis of the Effect of Spatial Variability in Land Use and Pollutant Source on the
Stream Water. Jung, Kwang-Wook, Seung-Jae Lee*, Sang-Woo Lee and Jung-yoon Han
{Department of Environmental Science, Konkuk University, Seoul 143-701, Korea)

For effective watershed management, we must understand the complex and dynamic
relationships of land uses and water quality. Despite numerous studies investigated
the relationships between water quality and land use, there are increasing concerns
on the geographical variation and lack of spatial integrations in previous studies.
We investigated the relationships between land use and water quality characteris-
tics in the Hwa-Sung estuarine reservoir watershed in Korea, which has spatially
integrated land uses. The spatial variations of these relationships were also exam-
ined using zonal analysis. Water quality parameter were correlated positively with
residential and forest and negatively with paddy and upland especially during base
flow in the near buffer zone. During storm flow, correlation between land use and
water quality was less apparent. Population and livestock density was correlated
well to water quality parameter than just number of population and livestock. Rela-
tionships across zones, distinguished by distances from streams, were inconsistent
and erratic, suggesting that the relationships between remote land uses and water
quality may be affected more significantly by sub-basin characteristics than by the
land use itself. The watersheds studied are mainly non-urban and their land uses are
similar to typical watershed of other estuarine reservoirs, therefore, the correlation
developed in this study might be helpful to manage other watersheds of estuarine
reservoir. This methodology could be applied to other areas where the watershed
characteristics are not significantly different from the study area.

Key words : land use, land use planning, pollutant loading, water quality, watershed
management, non point source
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E A7 dAAG g /9 o] g AR
A BIZA] AZEA S AWM FAHSA o] o
3} AL 23 e ol HIEA AZFAG ] A3}
frEelu AeFA] g3 §4E BgS5 o3 3}
i 2 g3y #Ad 4= glv}(Jeon ef al., 2001).
ol2¥ £9 ot fo el Ex|o| 47 Z& A
7F ivks A37t ®3us3 9loh(Gburek and Folmar,
1999; Tong and Chen, 2002; Zalidis et al., 2002). 524
2] Ex|ol 43 LA 71e) Al 7ol E 7Fg-el
o3 2= 22 8 29B8AS He= oFAT
) Fof] A s}=1), Lenat and Crawford (1994)2} Fisher
et al. (2000)2 7] Ex|o]fo] A9} 9 Zo
Q2R sE %L oy wushgon, Tong
and Chen (2002)2 F7A 93} 44A9, 281 59A|
A9l EAo]go] A4l 9l, T8 T fecal coliforme]
=9 A o] vt i)

92 Seidee o9EPAE wUsd ATel 24
A7, 34 A, B4, P, A9, 292 H4Ag
5 T Ang 9979 Dele LAt ME R
oz st olgshm orh AnshEel s
2 g Aol Bash dEd AT 9 Frhole

M R Folgls Al e]ut. o]Fo) v=A|
> 29EAL wiETFarl viad dslr] Wil
A SAHFT e 71 29U ABE o] 43}
el A3t Hrph o= A= s Aow FAHH
FrHAugo] F N =AlRY, B3] AJu]7} o] Fe]
A&} AR AR EAA o] g o2

23 {718 Fol Bl HAF A=
ol & Atolo| A= dAT ARAYE 2T A
o2 ¥ 18t 9k (Hooda et al., 2000).
oA} fecal coliform®] %X 3O ZRE] ®A]
FEA, T, FEE, a8a AF3tze] Al
7] w2l Aol wl#H st L Q13 FagE
o] AArsle] L3193} (Kelsey et al., 2004). £.4
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QoznE sl QA8 2FE WA (gen-
eration load) o]} gt} w233t 2 277 2A14
& B3l AE F fdoz wiEdH: dEAFS
vl &3-31 (discharge load)o]2} 81w, W& F3832 &
3 AAE 53l SAFLAA =2HE FAAA AA
Hol A Zased £AZA =29 B3 f2F
&)=k (delivery ratio) 0.2 A 2Jsle] HAl L2hie} o9
g xol| olg3ty UTHEHIA ALY, 2002). 2
= o= REjY Ayl delA4F A, A, 17
a1 g3 5o BEA el 2ste KA EAEHE
29U o] EAEA Hel F2 Ao v|A=
o] Z2o]E5x, A NAM S A=t F7hE Foll A LA
v &tk ZE)F 2go] dod 4 U ATt Al
o] W FolA dAHE e gRs g2 offs
Z Aoz AT 4 vk

B AFdME ARG 37 FeshHd FoF, A
obA, ZEja o2 e FAAER 747 4749 buffer
zone 02 F-E3}o, RN ARE EA|0] 8 25419
Ao wel #A4Ald v g s AR
ok B A= s oV 34AE sk AR}
9 AARE] EAo| 43 7|2eHdY AT o83
of Al&sln sk f9E Hriske whgel A& &
7N8}az} gt

>

1. 72 4

QPR & HAAHA T ARFFHeR FH
126° 45’ ~126°55", %] 37°10'~37° 159 £x8t31 9l
o, o7 M9 sHHe] FeIE FYHE SAE M
3 vk AR A ARG AAY EX L=
BARNA A TF= 1:25,0005F o] &ste] B3]
o} (Fig. 1).

299 FEE USEPACIA s BihpAldte] =
2720¢] BASINSo|A 43z =" (Digital Elevation
Map, DEM)#} 3lH =& o]43sle] 3709 FasbHl &
oFdell 27, AlgbAell 37, 2Bl o 2He) 3742 A
ZAAAE A= TN Afdor FEI]H(Fig.
1). DEM2 37 RN AFs F& A5E AMSA Y,
BASINSol|4]2] DEM-L Automatic Delineation Utility
g o83 2fY B o4t A= A4
A AR B A 2E ] A2 E AFH-519] 5L, BASINSe| A
9] s}A =X Automatic Delineation Utility®] Burn in
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optiong A4 o) AL8-3l%c}. Ex]o| 4% Landsat
Thematic Mapper (TM; 30-m resolution)?} Indian Re-
mote Sensing (IRS)-1C panchromatic images (5.8-m
resolution)®] 19991 5% 2193} 20004 29 209 =}
25 o83l FAAY, =, AR, 223 7)el(&A),
A, A2 Bisloh

e A, AGH, T3]3 o] 23 o] S )
F9 A stHez G AL A4A] BAZ,
e FMF A8 Qo Fokd s} Ak el |
77} 1,664 has} 3,505hao] Az ZAsg)t} o
& ey, AokARe As) deldlon AL
1,798 haolt}. Fefxe] N2x|L 3.45%2] AALE 717
T Qer 2R E1AGS At ke 57Ad
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Fig. 1. Study area and monitoring stations.

2. Bx)o] &3 2498

3} FH9 EAolg el FAA) 9.3%, = 37.0
%, M 17.9%, A 29.1%Q) AHAQ W2 Fefolck,
Hokd el N13k N29| Algw AL zbzt 43.9%$) 51.4%
2 Hge] & b =9 WAL 747 25.8%9) 14.8%
2 %o uge ehyglon], Ak J2e) A
< 52.7%2 ko] W& v)&E& Vel let (Table 1). F
ARG WAL N1} J2, J39) wlgo] BA vehde
o, N1A o2 47t 7P g2 wbgde]] v FAHA
o2 2 JFUES NAZFT gl FAX G 59
A AAA e mAE Fo 2409 dRelm
sk 58l A G el sk

THEARE T N2A| Y 7159 AR8-F42(16,483112])
o} AHHA ]S (13.42%) 0] 7P BRI, J2A] 9 A
AN (1.74%)2 ha A3k 7159 471 74 =)
Skeh. olR& AABAEA AL ASH A7} o] Folx]
T AT ME Fesded AR ¥ HE
2 QBAE B, N2 ] 0B el BE
< &% 5 glek

ME2 HAA N1, N2, J1, J2, J3, E1, 283 E29] 7
N A"eA 20039 119 ~20059 129%5<F 25 744
°2 AFHsP A, 7F$Adl= N1, N2, J1, E1, Z78]5 E2
57 AAelA F27} el Bt 1~447} Hh oz A
& AFAH 2 B35S 25, pH, EC, BOD;,
COD, turbidity, SS, TN, NH,-N, NO;-N, NO,-N, TP,
PO,-P, 18] 31 the microbiological index (total coliforms,
fecal coliforms, E. coli)o]®] X% Standard Methods
(APHA, 1998)¢)] 2} E-A = ¢)c}(Table 2).
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Table 1. Land uses classification in monitoring station for statistical analysis.

Residential

Other

Sub- Paddy Upland Forest Total
basins Area % Area % Area % Area % Area % area

N1 40.7 9.3 112.7 25.8 90.1 20.7 191.5 439 1.3 0.3 436.2
N2 124.6 10.1 181.7 14.8 257 20.9 631.2 514 34.1 2.8 1,228.6
J1 7.4 1.7 175.6 41.0 17.6 4.1 225.6 527 1.9 0.4 428.1
J2 205.3 11.8 599.9 344 192.8 11.1 666.2 38.2 77.5 45 1,741.7
J3 85.9 6.4 535.3 40.1 253.8 19.0 3444 258 116.7 8.7 1,336.1
E1 112.2 10.9 366.7 35.5 308.5 29.9 187.5 18.2 57.3 5.6 1,032.2
E2 146.1 19.1 281.2 36.7 112.5 14.7 226.3 295 0.1 0.0 766.1
Total 772.2 10.4 2,253.1 32.3 1,232.3 17.7 24727 355 288.9 4.1 6,969.2

Area in ha.
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Table 2. Population and livestock number per unit area (ha) in the sub-basins.
Sub- Population Dairy cattle Beef cattle Pig Total livestock
basins PP PP/A DC DC/A BC BC/A Pig Pig/A TL TL/A
N1 2,461 5.64 326 0.75 170 0.39 1,769 4.05 2,265 5.19
N2 7,039 5.73 2,293 1.87 1,155 0.94 13,035 10.61 16,483 13.42
J1 1,446 3.38 1,013 2.37 413 0.96 611 1.43 2,037 4.76
J2 3,975 2.28 1,161 0.67 473 0.27 5,159 2.96 6,793 3.90
J3 3,705 2.77 1,898 1.42 355 0.27 13,517 10.12 15,771 11.80
E1 2,652 2.57 1,701 1.65 458 0.44 2,445 2.37 4,604 4.46
E2 9,031 11.79 1,205 1.57 543 0.71 3,817 4.98 5,565 7.26

PP: Population; DC: Dairy cattle; BC: Beef cattle; A: area (ha)

Nam-Yang Stream

Ja-An Stream

® Monitoring station
N Stream
m Zone 2

...... o ZOne 3
{4 Zone 4

Fig. 2. Buffer zoning of sub-basins in the study area.

zoneg TE3}9] on, 3709 buffer zoneS )3 o 7 HE]
747} 400 m 2| 717 o], zone 4% zone 32] &30 2]

o]t} (Fig. 2).
$A% et 244 z=z 789l SPSS (Ver. 12)2
o] 8-3}ed AFFE-A o] o] Fojx{ch @%—%@13 ¥ W4 A

o|8 A9 H=E ZA 3ty 2HsHE
AL WA S @S F HPZEY A
ebll s A =mo|w, 16| +14be]9] g zhev)
#Hel A$= E Atele] A7) vl e BA
o) &hn] oFe) %k—"— ] & 3}eq Z‘-ﬂﬁFt— e
Wt r-ghol fo8E 1% el 9l
N e 941116}5'_, FPE 5% HM] uow HE
ARR[AE AR, 528G F A= ARRAIL A
HEA gdevta Bl oh(Ott, 1988). =3 EA] o]
HE-ET AL v g2 e BRA )] £AE

10

A3 Heo] 9lom E. coli ¥ o] 10~ 150,000 MPN
(most probable number) 100 mL '] W ¢lz A7k #}
o|7} wi$- =7) Wil log3tate] AFHEA it

dzn o 13
1 34f9e] +AEA
dubd oz 744 RS wre ARl o6
W o) vdLedd fos sl ose
sA| 5k 343 f-ee) N1, N2, 22]31 E3 232 344 o
A" FARGH A Fe) ALt fUow s 5
o] ofgtdl Aoz 7oA 271H% Folt 2319 3}

7+ ¢)t}(Jung et al., 2006).
$ WA A

2 QA7A9e) BeA S4e) FAA 4anc} COD
oF 1.54), SS oF 34|, TN ¢F 2w}, Total coliform ¢F 64},
Fecal coliform ¢F 6vl], 28] 1 E. coli ¢F 59 =2 7&
oF 4= ¢lem, BOD;, NO,-N, 28] TP fAR3E 4%
01915, NH, N5} PO,PE 71 ghe] BolE Aoz e
Gk ol el B3A 289 sert 2 274}
A% ¢ 4 g, e9ue $UAE sebin B
ZukebS e ol Al Aol (Table 3).

2. Buffer zoned EXjo|43 43 A4 7}

Table 404 zone EAo]47} FASAA|F 2] 4
AR 7ve] AHAE Pearson AM#HAlSE Z¥39] 1,
F& FHE 1%9 FA5ElM, 71€Y FHE 5%9
fro)gFol A AR E 2=t FAX A F zone 164

7)o NOg-N7 SSE A3 »E fAlstEe] 0.1%

T2



“ HYL - olaAH - ol - BIHE
Table 3. Water quality characteristics of the study area.

Water quality characteristics Min. Max. Mean Std.
BOD; (mgL?) 0.2 116.8 15.3 22.7
COD (mgL™) 2.1 119.6 29.7 23.9
SS(mgL™) 0.5 102.0 25.1 19.9
TN (mgL™) 1.7 67.7 12.0 10.3
NH,-N (mgL™) 0.1 23.9 3.7 4.5

B;‘jfifolgw NO,-N (mgL™) 0.1 8.5 2.3 16
TP (mgL) 0.1 5.3 1.2 1.3
PO,-P (mgL™) 0.1 15.5 0.4 1.3
Total coliform (MPN 100 mL™) 3.5 160,000 22,191 33,602
Fecal coliform (MPN 100 mL™) 4.5 160,000 16,635 26,746
E. coli (MPN 100 mL™?) 4.8 144,000 5,561 14,614
BOD; (mgL™Y) 1.3 47.9 13.4 10.8
COD (mgL™) 4.3 160.0 43.9 271
SS (mgL™) 5 381.3 69.6 67.2
TN (mgL™) 14 98.0 21.4 12,5
NH,-N(mgL™) 0.1 19.0 1.9 3.4

S;‘;L‘.‘;g"w NO,-N (mgL™) 0.4 10.5 3.0 2.1
TP (mgL™") 0.1 6.2 1.2 1.0
PO,-P (mgL™) 0.1 0.7 0.1 0.1
Total coliform (MPN 100 mL™") 2,300 1,900,000 136,736 314,623
Fecal coliform (MPN 100 mL™) 1,150 1,600,000 92,775 218,547
E. coli (MPN 100 mL™Y) 500 500,000 27,000 66,995

o FAAG ] APl A k2 FIgE WA
A& g 4 e

FANA Y T ALE AsA e o] Wl "ArY
(NO3), o}dAFE (NOy), 2w (NH,HFH AEAFH(N,)
ez A8 Aae Feg M= 2999 8304
71l whet Wsly] dEel AaYeE T3 H2dolt
g fyel AT F7E FsEA e gHbd
22 NHE AdANE 2oy $A19] Aalst §7)
o} Br)EzRE whAsR|ul 1 oke zpom Akl
7k, 283 Al 5o o999 el 9siM
WA AR ARGl ojs] Aakst A4S AA™ Ak
o} oAt oz WiFdt) whebA zone 1914 FA%]
A7} NO,N A o] P2 olf+ 3oz AH {9
He A4 Yel7l NH-Neo|32 zs}zu 28} 74 o)
WAs7lel s 2] Art 777 WEQ Aoz @
eI

Zone 298] 79 H47)ell= TNube] 0.05%) $-o4F
oA &9 J'L" < Jehd=1), zone 180} A o] oF
3 =) ol ez RE Ast dejde| wet 3}
A A vAe Qo] Feplvty #II 4 it
Zone 3%} zone 48] 7ol 29 ARTAE JIAA H
Ed ol: FHozRE We ezl X FARYo
Ao ZAA e nH 3 Qo) ne stAe

2EE oA FAR 7} ZlER AHge] WEEE
2R8I §l7] w Bl FAR G JgFe] FA YEpAA]
ol Aoz AAEY 2ejm 7}e7)e F4r| 8} zone
15} zone 29] AAHA o] A elded, ol 77t A
£EHA FARY g8 AAYEH 2wA 7“°¥l
otod ke w| XA B& & & Uk A zone 12] 7
GAPAlol wis] ARA 7L A FrrEAEH, ole W
ko] 7e-z Qs Aol FAE et Asjeln
o). Zone 2% FAA 9 w2 A e RS o
el ¢).om BOD; (r=0.39, p=0.01), TN (»=0.17, p=0.05),
NH,-N (r=0.18, p=0.05), NO;-N (r=0.42, p=0.01), L&
3 POP(r=0.37, p=0.01)o| A ¥ AFRA-E el
o} 747t AT Aol §Eol ofsf A Hale]
g wed AAos 9 29 FAAY LGEA
= oJgke wieoy Hrh & $ 9ot weby EA 149
#2)E B9 A4S BuEy] feAe 3 FHe
2 FAXEE $AAFV] B A ARE F2
AYshe 7Zo] $£AT FHse &L WY &
et

=2 e AFAE)] o LHEAE MEse 29
Yoz YAt QYA H47) zone 12) SSE A YT
BE gEoA 29 ARBAE Jepliglen, E. coli
(r=—-0.20, p=0.05)2 A| e} TE 1%2] §-2]|5F0
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Table 4. Correlation analysis between land use of buffer zone and water quality.

Base flow Storm flow
Water quality
Resi. Paddy Upland Forest Resi. Paddy Upland Forest
Zone 1 (0~400m)
BOD; 045 -0.38 -0.15 -0.11 0.48 -0.33 0.26 -0.31
COD 0.35 -0.23 -0.06 -0.23 0.13 0.01 0.10 -0.22
SS 0.11 0.09 0.10 -0.38 -0.09 0.18 0.04 -0.11
™ 0.53 -0.43 -0.31 -0.10 0.13 -0.06 0.19 -0.12
NH,-N 0.60 —-0.52 -0.27 -0.10 0.20 -0.20 0.05 -0.04
NO;-N 0.09 -0.34 -0.21 0.51 0.29 -0.56 -0.17 0.34
TP 0.36 -0.32 —-0.23 0.00 0.17 -0.12 -0.03 -0.09
PO,-P 0.38 -0.38 -0.22 0.04 0.24 -0.42 -0.06 0.23
Total coliform 0.43 -0.38 -0.21 -0.07 0.13 -0.14 —0.06 -0.01
Fecal coliform 0.36 -0.29 -0.20 -0.10 0.10 -0.10 -0.08 -0.01
E. coli 0.23 -0.20 -0.12 -0.06 0.08 -0.09 -0.09 0.01
Zone 2 (400~800m)
BOD; -0.11 0.10 0.04 -0.06 0.39 -0.04 0.33 -0.11
COD -0.06 0.17 0.01 -0.18 0.04 0.15 0.01 -0.19
SS -0.05 0.33 0.05 —-0.41 -0.13 0.19 -0.12 -0.17
TN -0.19 0.14 -0.17 -0.04 0.17 -0.02 0.19 -0.05
NH,-N -0.12 0.07 -0.04 0.00 0.18 -0.09 0.16 0.05
NOs;-N 0.10 -0.54 0.06 0.62 0.42 -0.61 0.35 0.55
TP -0.15 0.07 -0.10 0.02 0.10 -0.01 0.02 -0.02
PO, P 0.00 -0.12 -0.03 0.17 0.37 -0.48 0.32 0.42
Total coliform -0.09 0.06 —-0.04 0.00 0.05 -0.04 0.02 0.03
Fecal coliform -0.10 0.10 -0.09 -0.05 0.02 -0.01 -0.02 0.02
E. coli 0.04 -0.02 -0.02 0.03 0.01 -0.02 -0.03 0.03
Zone 3(800~1,200m)
BOD; -0.33 0.04 -0.12 0.09 0.11 0.08 0.29 -0.13
COD -0.19 0.16 -0.04 -0.08 0.13 0.18 0.05 -0.19
SS -0.08 0.38 -0.14 -0.32 0.09 0.18 -0.08 -0.16
TN -0.31 0.06 0.00 0.04 0.05 0.05 0.13 -0.08
NH,-N -0.34 0.00 0.00 0.11 -0.05 -0.07 0.09 0.05
NO;-N -0.01 -0.56 0.33 0.49 -0.11 -0.55 0.37 0.46
TP -0.27 -0.01 -0.08 0.11 0.16 0.02 0.16 -0.06
PO,-P -0.12 -0.14 0.19 0.15 -0.04 -0.40 0.34 0.32
Total coliform -0.25 -0.01 -0.04 0.10 -0.07 ~0.06 0.00 0.06
Fecal coliform -0.18 0.03 -0.04 0.04 -0.04 ~0.04 0.00 0.04
E. coli -0.01 -0.04 0.06 0.04 -0.01 ~0.04 0.01 0.04
Zone 4 (1,200~ above)
BOD; -0.26 0.46 -0.02 —0.40 0.28 0.25 0.37 —-0.29
COD -0.16 0.40 0.08 -0.38 0.05 0.22 0.20 -0.23
SS -0.03 0.49 0.21 —-0.53 -0.04 0.18 0.10 -0.17
TN -0.28 0.32 -0.15 -0.24 0.14 0.07 0.14 -0.09
NH,-N -0.27 0.36 -0.13 —-0.29 0.08 0.00 0.05 -0.01
NO;-N 0.06 —-0.64 -0.31 0.68 0.23 -0.60 -0.30 0.55
TP -0.21 0.20 -0.13 -0.12 0.10 0.06 0.10 —0.08
PO,-P -0.09 -0.01 -0.19 0.05 0.24 ~0.44 -0.18 0.39
Total coliform -0.18 0.28 -0.13 —-0.22 —0.03 0.01 -0.02 0.00
Fecal coliform -0.15 0.26 -0.11 -0.21 -0.03 0.02 -0.01 -0.01
E. coli 0.05 0.06 -0.10 -0.06 —-0.02 0.00 -0.02 0.00

Bold values are statistically significant at p<0.01, italics at p<0.05
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Table 5. Correlation analysis between major pollutant of each buffer zone and water quality.

Base flow Storm flow
Water quality
PP/A DC/A BC/A Pig/A PP/A DC/A BC/A Pig/A
Zone 1 (0~400m)
BOD; 042 0.50 0.64 0.53 0.32 0.38 0.47 0.38
COD 0.45 0.30 0.46 0.33 0.19 0.01 0.06 0.00
SS 0.19 0.21 0.18 0.11 0.03 -0.14 -0.15 -0.17
TN 0.59 0.23 0.51 0.33 0.02 0.17 0.13 0.13
NH,-N 0.57 0.44 0.69 0.53 0.10 0.20 0.24 0.22
NO4s-N -0.25 0.01 0.00 0.12 -0.05 0.33 0.38 045
TP 0.36 0.24 0.41 0.31 0.19 0.00 0.09 0.04
PO,-P 0.26 0.15 0.31 0.25 -0.07 0.28 0.29 0.35
Total coliform 0.39 0.33 0.50 0.39 0.13 0.09 0.16 0.12
Fecal coliform 0.37 0.19 0.37 0.25 0.13 0.03 0.11 0.07
E. coli 0.16 0.09 0.18 0.14 0.11 0.00 0.07 0.04
Zone 2 (400~800 m)
BOD; 0.43 0.49 0.63 0.52 0.35 0.38 0.50 0.38
COD 0.45 0.30 0.47 0.32 0.21 0.02 0.10 0.00
SS 0.24 0.22 0.25 0.11 0.04 -0.13 -0.12 -0.17
TN 0.58 0.23 0.52 0.31 0.06 0.18 0.16 0.14
NH,-N 0.56 0.43 0.67 0.51 0.10 0.20 0.23 0.22
NO;-N -0.27 -0.02 —0.08 0.12 -0.10 0.31 0.29 0.45
TP 0.35 0.23 0.41 0.29 0.18 0.00 0.10 0.04
PO,-P 0.25 0.14 0.28 0.24 -0.09 0.27 0.24 0.35
Total coliform 0.39 0.31 0.48 0.38 0.11 0.08 0.14 0.12
Fecal coliform 0.36 0.18 0.36 0.24 0.11 0.03 0.09 0.07
E. coli 0.15 0.08 0.15 0.14 0.09 0.00 0.06 0.04
Zone 3 (800~1,200 m)
BOD, 0.42 0.18 0.34 0.15 0.39 0.26 0.40 0.30
COD 0.41 0.09 0.29 0.09 0.16 -0.02 0.11 -0.04
SS 0.12 0.01 0.10 -0.10 -0.03 -0.12 -0.07 -0.18
™ 0.59 0.08 0.42 0.04 0.07 0.17 0.15 0.11
NH,-N 0.59 0.18 0.45 0.14 0.14 0.11 0.14 0.17
NO;-N -0.05 0.25 0.07 0.24 0.16 041 0.28 0.57
TP 0.36 0.08 0.28 0.05 0.21 0.04 0.17 0.08
PO,P 0.34 0.14 0.26 0.11 0.12 0.38 0.26 0.46
Total coliform 0.39 0.09 0.28 0.07 0.12 -0.02 0.04 0.07
Fecal coliform 0.35 0.00 0.21 -0.01 0.11 -0.04 0.03 0.04
E. coli 0.16 -0.03 0.05 -0.01 0.10 -0.04 0.03 0.03
Zone 4 (1,200~ above)
BOD; 0.34 -0.21 0.21 —-0.24 0.32 0.11 0.34 0.12
COD 0.28 -0.15 0.17 -0.13 0.09 —0.08 0.04 -0.09
SS —0.02 -0.26 -0.09 -0.22 -0.05 -0.14 -0.10 -0.16
™ 0.41 -0.11 0.31 -0.21 0.04 0.11 0.11 0.07
NH,-N 0.46 -0.12 0.34 -0.21 0.11 0.07 0.12 0.09
NOs-N 0.09 0.48 0.25 0.29 0.25 0.57 0.44 0.64
TP 0.25 -0.09 0.18 -0.16 0.16 0.05 0.15 0.07
PO,-P 0.32 0.10 0.30 -0.03 0.19 0.49 0.38 0.52
Total coliform 0.30 -0.17 0.18 -0.23 0.07 —0.05 0.01 -0.01
Fecal coliform 0.24 -0.20 0.12 -0.23 0.07 -0.06 0.01 —0.02
E. coli 0.10 -0.13 0.01 -0.14 0.06 —0.03 0.02 0.00

PP: Population; DC: Dairy cattle; BC: Beef cattle; A: area (ha)
Bold values are statistically significant at p < 0.01, italics at p <0.05
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