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Abstract

Activities on golf courses are believed to contribute to the degradation of water quality in receiving waters due to the excessive
use of farm chemicals including fertilizers and pesticides. The objective of this study was to collect basic data that could
explain the characteristics of non-point source (NPS) pollution discharged from a golf course. Twenty seven water quality
monitoring was conducted at a golf course during the rainy season of 2008 and 2009. The results indicated that the ranges of
the Event Mean Concentration (EMC) at the golf course were BODs 1.8~11.3 (ave. 5.6) mg/L, CODy;, 19.2~51.4 (ave. 39.6)
mg/L, TOC 11.0~31.0 (ave. 16.8) mg/L, TN 1.545~16.098 (ave. 5.623) mg/L, TP 0.230~4.528 (ave. 1.525) mg/L, and SS
2.2~57.3 (ave. 10.1) mg/L. The unit loads of the golf course estimated were BODs 3.35 kg/km®/day, SS 6.43 kg/km®/day,
CODwiy 30.00 kg/km?/day, TN 4.04 kg/km’/day, TP 1.14 kg/km/day, and TOC 12.16 kg/km?/day. Golf courses are currently
classified as a grass field in which the unit loads are different from golf courses. Therefore, it was recommended that golf
courses need to be separated from the grass field when the surveys and modelings for Total Maximum Daily Load (TMDL)
development and the evaluation of TMDL implementation were performed.
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Fig. 1. 3ketch of the golf course location.
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Fig. 2. V-notch weir.
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Table 1. Frequency of daily rainfall at Cheongju city

(Table. 1). AFAHS 30d HF F Z$EFL 1,256.3 mm
2 YEser, 100 mm 0|49 B v7h @Ag ¥EE |
dol o 133 E Hste Aoz Jebdth 0~10 mm AT
o] 8132 7} B RS2 YEREI, 50 mm °|5 10
mm B¢ ZAAFTL 28 o4 2AF Aoz yehgt

Rainfall Annual Total class Rainfall Rainfall Annual Total class Rainfall per
class average rainfall per event class average rainfall event
(mm) frequency (mm) (mm) (mm) frequency (mm) (mm)
0~10 81.07 205.1 2.5 120~130 0.17 213 127.5
10~20 13.70 196.9 143 130~140 0.07 8.9 133.5
20~30 6.80 167.3 246 140~150 0.07 9.7 145.9
30~40 3.87 136.2 352 150~160 0.10 15.4 153.8
40~50 2.90 130.2 44.7 160~170 0.00 0.0 0
50~60 1.30 7.7 55.3 170~180 0.03 58 172.6
60~70 1.20 77.0 64.1 180~190 0.00 0.0 0
70~80 0.60 45.1 75.2 190~200 0.03 6.6 198
80~90 0.50 42.5 85.8 210~220 0.03 72 217
90~100 0.33 313 94.1 220~230 0.03 7.5 224.7
100~110 0.33 34.6 103.8 260~270 0.00 0.0 0
110~120 0.23 26.2 1122 290~300 0.03 9.8 293
Sum 113.40 1,256.3
Table 2. Description of storm events
Total Rainfall Avg. rainfall Total Runoff Runoff
Evert g ; ; : Runoff
dte rainfall duration Intensity run[;ff duration depth .
(mm) (hr) (mm/hr) (m’) (hr) (mm)
08. 06. 02~13 15.0 5 3.0 20.20 5 0.37 0.024
08. 06. 08 11.0 4 2.8 22.57 6 0.41 0.037
08. 06. 18 30.5 12 2.5 31.68 7 0.58 0.019
08. 06. 18~19 28.0 6 4.7 101.65 27 1.85 0.066
08. 07. 17 18.0 7 26 38.59 7 0.70 0.039
08. 08. 13~15 58.5 7 8.4 92.07 7 1.67 0.029
08. 08. 15~17 46.5 9 52 141.88 41 2.58 0.055
09, 03. 13 19.2 15 1.3 25.38 13 0.46 0.024
09. 04. 20 20.6 14 1.5 47.26 6 0.86 0.042
09. 05. 16~17 50.5 29 1.7 847.93 23 15.42 0.305
09. 05. 21-~22 322 14 23 530.92 32 9.65 0.300
09. 06, 03 9.0 2 4.5 69.50 9 1.26 0.140
09. 06. 09~10 28.5 14 20 65.19 23 1.19 0.042
09. 06. 20~21 14.5 7 2.1 5323 23 0.97 0.067
09. 06. 29 115 14 0.8 8.75 0.16 0.014
09. 07. 02 6.5 2 33 6.64 6 0.12 0.019
09. 07. 07-08 39.0 6 6.5 375.70 24 6.83 0.175
09. 07. 09-10 82.0 17 48 2,082.34 32 37.86 0.462
09. 07. 11~13 67.5 22 3.1 1599.71 40 29.09 0.431
09. 07. 13~14 5.0 7 0.7 86.99 20 1.58 0.316
09. 07. 14-16 65.5 11 6.0 1440.35 39 26.19 0.400
09. 07. 17-18 11.5 6 1.9 148.33 25 2.70 0.235
09. 07. 19 16.0 8 20 71.08 32 1.29 0.081
09. 08, 11-12 32.6 13 25 125.52 19 2.28 0.070
09. 08. 12-13 364 18 2.0 839.53 40 15.26 0.419
09. 08. 27-29 41.2 9 46 725.62 20 13.19 0.320
09. 10. 17 13.8 6 2.3 15.34 15 0.28 0.020
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BolA ] AT gy, AFFALLF7) 02
2N ZRol g% FFo] B F §F/ AUA g2 ¢
Al A7 2389 4 SFEHUI] G 297 S mm
ytol @Astr] ot &0 WS F2F9 F4F
Et SS9 BODs 13 CODwd AS$ %719 §&54
AN E2 8L BIAT AANFe2 FEFEY W5Eo
a7 gL Ao Yegon, T.N# T-P 281 TOC §
9 FEL 79 g3 9 M3t 3R g2 ez
b T

3.2, EMC, 28 535lzF A 9]

FU e FFgoA Hhss LHdYe AR AHE B
W gRE =93 HE 323 EYY {718 & 59
B A7 APo] HIAL ¥, B AF A9 Fo] F
o 93 FnFoAM WjEHE LFELY 5H& EHT
AH7E ITHOIEF &, 2008; 3129 &, 2009). webA 2
AFelM =A% Ade FEZZNA Z9A B HA
2HEZY YERFVNEFE dF 54L& motsed

2 9ozt Aok FEFNA Hhse eFEDY EMC &
4 ZI+ Table 35 2} 488 EMCE BODs 1.8~11.3
(B 5.6) mg/L, CODy, 19.2~51.4 (BF 39.6) mg/L, TOC
11.0~31.0 (B 16.8) mg/L, T-N 1.545~16.098 (HF 5.623)
mg/L, T-P 0.230~4.528 (B 1.525) mg/L, SS 2.2~57.3 (B
 10.1) mg/Le] W2 Jebgth A€ EMCY HHE
A3 2E CODw,® TN, TP 223 TOC 59 F$ %A
(AL ZAY 7JEr2A)NA B sts FHAEEC ¥ 3§ of
=4 44 8 48 & 7 U o= HEE 5(2009)°]
PAga 2P el L4sE EMCE 24 29
B3-S 9 T-NZ TOC B5ES AT ZE A
ZxFo] #4295 WA F2 Aoz Yo, A
B8 5(2010)0] AFHeA EAshs EMCE 24T 279}
Hastg e o $2EEE7 AAFor FxPo] 2 AL
& F Ak AGTH2002)o stH FZFA LAFE
FETE FIAFRE 559 $Y8&S 2 SFAHAC F
7} Q=F stojof foia FHon, HEFHOR wEHE
#24%= BOD 5 ppm ©|at2 AAHI g2 . o

Table 3. EMC value each of the events (Unit: mg/L)
Event app Rl BOD:; CODy;, TOC i) sS N
(day) (mm)
08. 06. 02~03 2 15.0 113 475 23.2 1.719 11.8 4.171
08. 06. 08 2 11.0 8.7 42,6 244 1.561 10.2 3.309
08. 06. 18 9 30.5 6.2 50.6 310 2.003 5.8 2.802
08. 06. 18~19 9 28.0 6.2 46.3 25.0 1.685 36 2.494
08. 07. 17 0 18.0 7.8 429 25.8 2.375 10.2 2.755
08. 08. 13~15 0 58.5 4.6 425 24.1 3.075 6.0 5.406
08. 08. 15~17 1 46.5 32 289 14.1 2.399 2.6 1.981
09, 03. 13 7 19.2 719 375 14.1 2.167 12.8 2.994
09. 04, 20 5 20.6 6.7 514 19.0 1.092 5.6 12.265
09. 05. 16~17 3 50.5 5.0 40.1 149 1.045 6.8 1.545
09. 05. 21-22 4 322 10.0 514 15.8 4528 6.3 16.098
09. 06. 03 11 9.0 6.8 512 16.5 2461 573 8.305
09. 06. 09~10 3 28.5 6.1 37.7 14.8 1.607 4.6 5.142
09. 06. 20~21 6 14.5 5.1 30.1 13.5 1.265 6.1 5.373
09. 06. 29 4 11.5 7.0 35.2 13.6 0.230 11.2 4.856
09. 07. 02 4 6.5 48 19.2 11.0 0.833 76 4.709
09. 07. 07~(8 5 39.0 9.6 41.0 13.2 1.011 414 8.095
09. 07. 09~10 2 82.0 3.3 424 133 0.773 10.6 4.847
09. 07. 11~13 1 67.5 28 335 13.9 0.677 il 6.612
09. 07. 13~14 0 5.0 2.1 46.5 14.5 1.112 8.5 8.318
09. 07. 14~'6 0 65.5 1.8 377 13.6 1.679 4.1 5.939
09. 07. 17~'8 0 11.5 24 40.5 14.8 0.995 6.8 4.877
09. 07. 19 0 16.0 2.1 39.8 13.7 0.900 5.8 5.247
09. 08, 11~'2 3 32.6 6.1 453 14.1 1.098 5.6 6.049
09. 08. 12~ 3 1 364 1.8 41.7 13.7 1.274 22 6.786
09. 08. 27~'9 7 41.2 6.6 27.6 144 1.159 9.0 6.581
09. 10. 17 4 13.8 29 19.6 12.6 0.442 83 4.257
Maximum 11 82.0 11.3 51.4 31.0 4.528 573 16.098
Minimum 0 5.0 1.8 19.2 11.0 0.230 22 1.545
Average 34 30.0 5.6 396 16.8 1.525 10.1 5.623

" ADD: Antecedent Dry Day
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Fig. 4. Pollutant loads each of the event.

Table 4. Load as unit area
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oA AstE NALAY U FEE BRI 9 43
@ 9.7} 9ok

AE42007) 9shE 7)1E AR EHE 999 dEF
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ok A3 E 999 @2 Table 49 #o] BODs 3.35 kg/
km’/day, SS 6.43kg/km’/day, CODw, 30.00 kg/km’/day, TN
4.04 kg/km’/day, TP 1.14 kgkm’/day 223 TOC 12.16
kg/km*/dayZ Febstth o] e A2 ERFHIY Sz
2 71& F1EFY A= ERE 9999 984 ¢
< #E5E4E Y2 eSS € F A4 "y 2
LPEFASG R92d FFH 22 FZPo| XFH Ae
9o @ ZAFE & Aol fAYvid 295488 €
g A& A A SZFE FESIY FESA FEL
dFFaA NN ALEHIL e A9 FU9E 183
oz FEsia, HFLEd AFAAEY FEAEH 7P
A 5ol A8soF & Aoz wod

33. 27|9&54 B4

Fagolq wAsE MdedEds) 2 MAERE ¢
Ag7198 2799 2 Z9Ag et TR
% $A%E2Y a9ze EqAT. 3 2799 B9
g F sS G B9 1499 2ANHTH Yo
H, o] § Z7IMFEIHIT F3lo] Jerd 44(E-5, 10, 12,
179 Z$AHgl de 2ATE derickFig 5). TG
S B5¢ A T2 $AFTAME 243 8H} §
Qe YehtA gttt ol S $59) B9 FxgolA
TAEE 298 m2A Mse] A AAE Wao)
golgle EAL} R38R0 390 g8 450 274
Hadst yed Aoz wddc £ Fig 5d9 e)olA
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(Unit: kg/km?/day)

BODs

SS

CoD

T-P

TOC

Reference

This study

335

6.43

30.00

4,04

1.14

12.16

Previous data

0.96

0.76

0.03

Ministry of environment, 1995
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Fig. 5. Cumnlative mass and volume curves from golf course.
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Aol - Hx - ZBE - YK - JEE - ASY - LFH - HBY

Table 5. Correlation of runoff coefficient

Total Rainfall Rainfall | Antecedent
rainfall duration intensity dry day
Runoff 0.606 0.490 0.106 -0.278
coefficient (0.001) (0.009) (0.598) (0.160)

Yelgth 729459 A3F53edse SAFez 3
F#A7} gle Aoz EAHAD HEF 52009 1F
A ¥ A9 {FEET ZRAAE AloldA 2 FBEA
7} YA gsitha By, HEF 5(2010) 4
B QoM F$BEF 2SR 7T 2 AREATL
yehdda 25t o]AH EX o] wat §Fe 7|
daE 7]43R1A7F g2t AE gujsi, £ AFA Y
Ae & 2930 718 2 9% JA=Z 88 F U+t
Table 62 ZAdEE 438 FFN5Eds8EE A
ol9] F@HE #A57] $15+H Pearson FT{HTA BN E
AAsac. $A¢EE 5 EEsEE AAFE
2 Z#4ol YeAE 4k FFF 0.05914 BOD;s
FE2 TOCSHY FEAF7F 0392, CODyy FF2 TP ¥
29 A#AF7F 0435, TOC FES TP TE9] JBAF
7} 039622 HEA 32 FRPATL e Ao2 e
. $95F 001914 CODwS TOCE 053422 {9
o] 000101311 #A vebd o FFAF HF w2
Aoz eyt AAdFoz w2 @A Yed 32
FEo] 7] o] & AFAHY ZAdE +3M5H

Table 6. Correlation of EMC

FAFE Alololls @Al vj§ F2 AR #odn

Table 72 ZAHE e@Fste 718 94 H&EUA9
AEPAE BASAY. dFEY £2 2NN F FE
Z, BFAZAL, & 182, FF ASATF Z3EAT
AE Aoz EAHZLH, ZLEESG AYRFLYATE
2 9Fo] = ALz YEt. SS FEL BLAEAT
Hr} Ze74xd o 2 4840 yees, fEA&AT
L £ 94Fo] g Aoz A ol vE 2 F
2y} 8§ FES A9AEd o & 9FE e ez
#ad +

4 2 2

2 dTodAe FEL9FTAL FAALY] fgsn
e FATG =N B LFEEY FFAHA
ATE Hs Al g vFLLFERY FEEHE =4
Stk 9723 EMCE CODwyo TN, TP 283 TOC
59 F¢ ZAAAZRAY Z182A)A EYde 5
sEo) 5t i =A HFHUT qEN FHALATH
AY Fgol A S 2dgd dg FrE A8 o
ZLIZE AR PO FF B2 23 28E 5 AV
o FZATG G2 2ANAN LAsE HPLEd
TES B89 39 43 & "avt ol £ AFeA 4t
F8 =g 999E BODs 3.35 kg/km’/day, SS 6.43
kg/km’/day, CODy, 30.00 kg/km*/day, TN 4.04 kg/km*/day,

BOD;s CODws» TOC TP S8 TN
BOD | 0.369 0.392 0.375 0.370 0.173
(0.058) (0.043) (0.054) (0.058) (0.387)
0.534 0.435 0.230 0.356
con k (0.004) (0.024) (0.248) 0.068)
0.396 -0.065 -0.234
e : (0.041) (0.748) (0.240)
- l 0.084 0.322
(0.676) (0.101)
ss ! 0.192
(0.338)
TN |
Table 7. Correlation of pollutant loads
Total rainfall Rainfall duration Rainfall Intensity Total runoff Runoff duration Antecedent dry day
BOD 0.739 0.483 0.274 0.863 0.462 -0.064
(<.001) (0.011) (0.166) (<.001) (0.015) (0.751)
CoD 0.821 0.564 0.259 0.990 0.614 -0.251
(<.001) (0.002) (0.192) (<.001) (0.001) (0.208)
TOC 0.844 0.579 0.281 0.998 0.624 -0.241
(<.001) (0.002) (0.156) (<.001) (0.001) (0.226)
™ 0.675 0.435 0.270 0.788 0.627 -0.208
(<0.001) (0.023) (0.173) (<.001) (0.001) (0.298)
ss 0.642 0.252 0.429 0.742 0.348 0.001
(<0.001) (0.205) (0.026) (<0.001) (0.076) (0.995)
™ 0.733 0.461 0.248 0.913 0.649 -0.215
(<0.001) (0.016) (0.213) (<0.001) (<0.001) (0.281)

TEHEHE =gt Etax| Mt AHes, 2011
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