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A Study on the water quality and improvement

program of the ponds in golf courses in Jeju Island

Chang-Ahm Kwak

Department of Construction and Environmental Engineering
Graduate School of Industry

Cheju National University

Supervised by Professor Ki—-Ho Lee

Summary

Ponds, natural purifying structures in golf courses, provide
various functions such as water hazard for golfing, aesthetic
course feature, water storage for irrigation and blockage of
pollutants leakage. Especially in Jeju Island where more than 40
% of rainwater 1s stipulated to be recycled according to its
related regulations, the importance of water quality management
of the ponds could not be over—-emphasized.

However, the ponds of which flow 1s relatively slow or
stagnant are gradually exposed to water pollution, eutrophication
caused by the inflow of nutrient-rich runoff from golf courses,
and water bloom, a final phase of abundance of algae at or near

the surface of the ponds, which leads to the loss of their



aesthetic value.

On this context, this study has gone through the research on
the use of rainwater and consumption of chemicals and fertilizer
for the purpose of understanding the water quality of the ponds
in golf courses. The monthly research on water quality of the
ponds equipped with water purification system has been also
accompanied.

Additionally, in order to study the water quality of water
purification system, comparative analysis in terms of COD, BOD,
SS, T-N, T-P has been conducted on the samples collected twice
from the four ponds installed with water purification system (two
ponds with Ozone Generator System, two ponds with NAC
System and Activated Carbon-applied Tank System respectively)
and the two ponds using Simple Circulation Method. The results
thereof are as follows.

1. The rainwater recycling amount in golf courses in Jeju
Island wvaries in relation to regulations on storage capacity and
rainwater utilizing facility, year of completion of golf course,
precipitation, turf type. According to the research on the use of
rainwater spanning from January to September 2009, although
there was a deviation from course to course, an averaged 66.3%
of rainwater has been recycled, which i1s far above the stipulated
limit. The consumption of fertilizers has shown a variance

according to turf type. While turf of cold climate needs much



fertilizer in spring and autumn, turf of mild climate needs in
summer.

2. According to the water quality analysis, the non-system
ponds have shown data two—fold in BOD and T-N, seven-fold in
SS, fivefold in T-P, in comparison to the water purification
system installed ponds, revealing a wide difference between two
groups.

3. According to the water quality analysis, the water quality of
the ponds where Ozone Generator System was in normal operation
or water hyacinth was planted with NAC System operating has
shown superior grade of I to III in the Lake water quality criteria.
The ponds of which water purification system was In improper
operation have shown a grade of III to VI in the Lake water
quality criteria, almost same to that of the ponds with no water
purification system.

4, The inflows from individual sewage treatment facility into
the ponds has a significant influence on the result of water
quality analysis. The water quality of B golf course where its
individual sewage 1s treated in connection with Sewage
Treatment Plant has proved higher grade while that of A, D, F
golf course of which individual sewage directly inflows into the
ponds has shown much higher level in T-P and T-N
measurement.

5. In order to improve water quality of ponds in golf courses,



followings should be implemented : 1) proper operation of water
purification system through the regular monitoring on water
quality 2) minimization of fertilizers and chemicals 3) legislation
of water quality management guideline specific to Jeju Island as
the case of USGA stipulating the recycling of water in ponds for

irrigation.
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ratio(96)
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Tee
Fairway
etc.

Area
TG OBIEE ) HISIRIE Y, 1983.3, HEEREEH)

Hoju, ele]
#o] oF 60.5% 7} Fo ¥ i

Green
Rough

=

=

Table 1. Pesticide consumption of golf course area in Japan

2ol
(Data :



S EEge A% Folf Fefol Arhiid LRHE AE FHOER Ay

W vhga gk

FRV AT (19002 AEE LW Table 291 2o d5Eo) ool uAE3
EEAE~15md] 5753 2} Azes Fvige] 458 A0R vehgel

Table 2. Result of pesticide residues amount analysis of green soil and green
effluent of golf course

(unit : mg/L)

Sample Sand Original

Thatch Surface soil _
(AT B2 =) | (2] 5 ~ 15em) (15~35cm soil Effluent

Pesticide ol &}) (50cm ©]3})
Thalonil 11 7 trace trace 24
Trichlorfon 0.68 0.02 " " 4=
Captafol 0.34 0.11 ” 4 Sl

(Data @ ] #eA-E 99 #AH, ASZ, 1990, e=H A+ 42)

trace : 1 =3HA o] &

ws TP AATHAAN 2ZHFY EY Y, AX FolA IRrEFS 4
3t A3} Table 33+ %] Daconil, Dicofol, Orthocide 5] Ztt], B < FoA
HEd Aoz ZAEY. 8la, 199193 19929 Al B3k E059

E, IH, &5 A 7714 sdREHS

s
3 AFT Table 49+ 7o) AB Dujo]A] v]Z(MEP)% o] A&% Aoz e

oJ@s Fzel AEAIL Y FFES ATE ARUE A4 FEY 54

3
S A=A FgIrpa & 5 Sl

_12_
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Table 3. Result of pesticide residues analysis( 1)

(unit : mg/L)

Classification Turf Soil Pond Fruit-Vegetables
AF3H:0.017 ~0.781
Daconil EE~1.76/ 27 = ~0.0046 24 11:0.001 ~0.214
2.0]:0.007~0.523
Dicofol 24E 45 ~0.7470| &34 = ~0.0007
Ab3}itrace ~0.781
Orthocide e 272 ~0.0078 S 11:0.005~0.236
=7]:0.004~0.132
: : . : AF3H0.06 ~4.540
Captifol = H=E - =HE 10,003 ~ 0.245
Dimeton-S-methyl| E3% BH= BEd=
(Data @ %It] @225 9138 @ FH, A10%, 1992, sh=zir]d+-4)
Table 4. Result of pesticide residues analysis(II)
(unit : mg/kg)
Year
) ) 1991 1992
Sampling point
Soil ND ND
Green
Grass MEP : ND~0.13 | MEP : ND~0.2506
Ora C.C ) Soil ND ND
Fairway
Grass ND ND
Out, Water ND ND
Soil ND ND
Green
Grass MEP : ND~0.10 ND
Jeju C.C Fa Soil ND ND
WY | “Grass | MEP : ND~0.30 ND
Out, Water ND ND
Soil ND ND
Green
Grass MEP : ND~0.98 | MEP : ND~0.4267
Jungmun G.C Fai Soil ND ND
airwa
Y| Grass | MEP : ND~0.045 ND
Out, Water ND ND
ND : Not Detect
— 1 3 —
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Table 5. Guideline of fertilizer consumption in Japan

(unit : g/m/year)

Area N P20s Remarks
Tee 23.0 16.0(6.98)
Green 19.0 10.0(4.36)
Fairway 10.0 5.0(2.18)
Rough 6.0 4.0(1.75)

(Data @ IIEE a7 a-2@HER BREPENAES, 199. 2, gt &S

Table 6. Amount of fertilizer consumption and absorption in golf course green

(unit : kg/10a)

N P20 K20
Classifi- - ’
cation : ) ) ) ) }
consumption|absorption|consumption|absorption|consumption|absorption
Green 375 22.5~26.3 27.5 3.0~39 30 10.5~12.0

(Data : A14d, sk=r&32 2] wlg, 1996.)

Fxzso BUE 93 AETE NBE FE HGNERA PR B

A7 E5E 4 A Delo| AW Table 60149} o] AW AFI} BA A
o ogtel E ol g AL ohuth
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Fig. 1. Sectioned drawing of water—purifier tank in drainage basin.
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(2) 3}st A2

7F €3 2@ A (Coagulation and precipitation)

P SH 2

olt

AL CaZ*, Mg® Zglal PO4” o]& 58 AAsE WEe 2
[ Aluminium, Al(SOs)s - 1I8H:019F 32 (FeCls), 413 59 §aA
£ ol & AFUAES BAAGFANA dAEC] AR TH 2 277 AXA A4
o] JhetekAl sk BRS e dgdAEe] 2We WE dArjdew 54
A7) Y5 FoH0.001-1m) A7|de =z N2 Jhddls
gt o] kA FHjelA Jx=7) 7 A4 = 9
ol o3 Hdolt} o3 5 L gre] A™E ThAe 93
e7t Zhesiinh olg g de s A&3ste] A4S st Wil 3%
ol
Ax o] AeE A&t Fuel ¢l AAE o A (Phosphoremover) A]Z&8l-&
ARg3EaL QLT

T3, AFAY CxExAdes WED P ZxAd ZRsHREA A A NAC,

ot

Nature Alive Cycle System)s A*| - 9% 28 NAC System< A 7}¢+

(2~371H 0.2 NAC &390 oto] A4, 92 Basls, 44 58 8oz

kel

SEe ooz Fo &fATE VAL GAZN oAT]oA LA zu]A
712} FHA ] 2ol ot 5o RRFEASS)E FEHAA AAS = HHY
ol t}.
e dAREY FAR] TR EE A

fFr71&E& AAAA T-N, T-P, BOD ¢ 7f4e] 7hsshe, 20006 19 HaH
HEEE A A3l Testol ¢3H#, BOD 889%, COD 82%, SS 91.3%, T-N
75.7%, T-P 96%2] AA&E&S Hon, NAC System?] 7| Q=9 AA] oA =
= Fig. 29} Zt}.

_21_



o U
o
=
2
N}

)
[
o
[NIR{N]
=

o
)
o2 [o
N

8

Ha
0
(2]

POND Size
MODEL F=3=3
s HARE A B T
K- E1000{ 100 /hr 20isHE 8,000 a,nun|5,ssu|
K- E2000( 200 /hr

or3ph-53€  [10,000[10,000] 5,650 |

K- E3000| 300 /hri

250~ 70t5H E [11,000]11,000] 5,650 |

SY Ui LINE

T
NAC sverM\ \ AEE pox

= INLET

Fig. 2. Overview of NAC system and its installation.
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F Tl = olojdolgel wel FFESE ool olH(Surface Spray
Aeration System), FHEALE o] o] gl o] 5 (Horizontal Aspiration System)¥} A
HEZ7)8 o o] o] (Bottom Diffusion). & ZA UH™ FA4¢ 7JL2LE* Fig.
33 2t

OZONE SYSTEM PLAN LEGEND

SVMEOL DISCRIPTION

OZONE LzENERATOR(CD?OUOXAEA)
80g/hour 220V, 1Ph 18

.. — — OXYGEN GENERATOR(OXS!OOXAEA)
B0SCFH 220V.1Ph 1SET
L

EUUE S HEAY 0l010IE
SUB-POSEIDON 5HP 8SET

L} POWER CONTROL PANEL

OZONE TUBE
———— POWER CABLE

I8 : 380V, 3Ph 40HP(30kw)
220V, 1Ph 8HP(6kw)
BR2EY 1 1£/0.075ma/day
(& 8IIE : 11/0.035mg/day ~ 0.075mg/day)
L

e &

A. OZONE GENERATOR

B. OXYGEN GENERATOR

C. CONTROL PANEL

O. 2 ¥AHH 0i0f 2 0l EISUB- POSEIDON
E. OZONE TUBE

F. POWER CABLE

Fig. 3. Flow sheet of Ozone generator system.
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Table 7. Present situation of ponds by water purification system
Maxi Result of
Water System : :
Golf e : ~ |mum/| Barrier observation
course pu;rlf;%gcrllon H;St%g depth|  wall with naked Remarks
Y (m) eyes
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Photo 1. Images of water—samplinged ponds
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Table 9. Present situation of rainwater use in golf courses in Jeju Island from

2007 to Sept. 2009 (unit : 10°m")
Raimwater | 007 (19 facilties) 2008 (22 facilities) A oo 2009
Golf | Stora| No. Rate Rate Rate
courses | ge | of |Sub- gurggﬁg Rain | of | Sub- grggr% Rain | of | Sub- gurggﬁé Rain | of
capac|reserv| total watdl water| use | total water water| use | total water water| use
ity | oirs (%) (%) (%)

Total |3,270| 183]9,038| 3,470/ 5,568| 61.6| 8,282| 3,403| 4,879| 58.9 | 9,170| 3,089| 6,081| 66.3

e 67 8| 746] 307| 439/58.9| 636 299 337,53.0) 568 191] 377|66.3
cdl0l3gA) 153 4 291] 142] 149/51.4| 285 147/ 138/48.5| 295 115 180] 61.1
291018 151 10/ 1,090] 351] 739/67.8] 1,015 342 673/66.3] 783 142] 641/81.9
HEaA | 123] 11 455 221 234)51.4| 429 226| 208/ 47.3| 285 129 156|54.6
LSRR 102 8] 303 104 199/65.7| 285 114 171/60.0| 283 90| 193]68.3
diclAler | 236)  11] 607] 234] 373]61.4| 573 283 290|50.6] 715/ 299 416|58.1

ZEYE 700 11] 392] 140] 252|64.3| 420] 180] 240|57.2| 361] 143 218/60.4
O 106 6] 440, 231 209]47.5| 415 223] 192/46.3| 359 125 234|65.1
il x| 113 7] 499 289 210142.1| 481] 280 201/ 41.8| 329 184] 145 44.0
Jet2 92| 13| 306] 173| 133/43.5| 257 145] 112/43.7| 304 174] 130 42.8
SHEcSHA 113 2| 229 45| 184/80.4| 147 38| 109/ 74.2] 125 19] 106 84.7
BUAE | 177 5/ 1,156] 303] 853 73.8| 765 244 521/68.1| 647 272 375/58.0
= 3 45 4 132 62| 70/ 52.8] 148 72| 76/51.4| 157 76| 811515
Mo=za | 228 6| 550, 142| 408|74.2| 422 76| 346/82.0| 455 123 332/79.8
AOIZeiA| 2500 14| 563) 123| 440{78.1| 439] 103] 336 76.5| 582 88| 494|84.8
OitelA | 146 6| 586 332| 254)43.3| 425 211 214/50.3] 385 199 186|48.3
ctal= 140 3| 413 174] 239/57.9| 373 155 218/58.4| 343 130 213/62.2
stetat "7 71 161 56| 105/65.1] 173 63 110/63.5| 202 50| 152/ 75.0
BICI e 150 9 119 41 78/ 65.4] 205 94 111]54.0] 257 98] 159/61.8
24 160 5 - - - -l 157] 29| 128/81.5] 217 44/ 173/ 79.9
HIQIERE | 175 3 - - - -| 194 60| 134/69.1| 604 178 426|70.5
SSHCRZ 135 6 - - - - 38 19 19/ 50.8] 169 7 98] 57.9
CEcHA 159 10 - - - - - - - -l 548 66| 483] 88.0
A= 102 14 - - - - - - - -1 196 83 113/57.8

(Data : JeJu Special Self-Governing Province Water Supply & Drainage

Management Headquarters)
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Table 10. Yearly pesticide consumption of golf courses in Jeju Island(2007)

. Area(m) Amount(kg) P%(r)nl—?:cr?a?g&g)
Golf courses|  Location o?' Amount Amount
holes Sub-total | Spraved |Unsprayed| Whole of Whole | of
area area amount| compone |amount|{compon
nt ent

@ct H=AAS 36 2,068,369| 1,953,142| 115,227/3,571.0] 1,628.9 18.3 8.3
M= H=ANZES 18 1,442,771 1,327,017 115,754 526.0 149.5 4.0 1.1
M= H=ANZES 9 283,520 248,694 34,826/ 182.0 52.9 7.3 2.1
=z NAZAMES | 18 917,764 796,136] 121,628/2,236.0 361.5| 28.1 4.5
HEAA  |HHEAEH | 18 938,646 777,869 160,777|1,653.0 4273 213 5.5
HEAA ( HHEZAIEEH | 9 285,698 240,028 45,670, 551.0 142.6 23.0 5.9
et S ESUNEAPSE=, 18 850,705 710,507, 140,198/1,973.0 568.3 27.8 8.0
JR& S ESINEAPSE=, 9 145,535 118,350 27,185 751.0 298.3 63.5| 25.2
£ MHZAICLE™H | 18 874,521 789,363 85,158/1,030.0 356.0 13.0 4.5
TS MAZAICEMH | 9 370,327 337,841 32,486 447.0 273.0 13.2 8.1
ol bl X NAZANERIS]| 18 1,264,250, 1,095,002| 169,248| 950.0 314.5 %7 2.9
olbl Xl NAZAERAS| 9 302,902 273,197 29,705 297.0 96.3 10.9 3.5
LIOIBSIR [MAZAICHED | 18 1,057,914 874,375/ 183,539/1,138.0 369.4 13.0 4.2
LIOIESIX [ H=AOHE S 6 153,879 140,693 13,186 44.0 11.8 3.1 0.8
dio|IFEA (MNAZANSES | 27 1,210,254 1,086,984| 123,270(4,203.0( 1,197.7] 38.7] 11.0
SHIZZA [ HFANSHS 9 442,376 394,643 47,733 297.0 109.7 7.5 2.8
ch2 H=Alstd 27 1,334,429, 1,165,090 169,339(2,075.0 784.7 17.8 6.7
AL|AICHCC | HIZ=AIHE S 2 1,178,458| 1,049,253| 129,205|2,146.0 472.4|  20.5 4.5
AR2|AICHCC | HI=AIHE S 9 413,285 381,380 31,905 495.0 125.3 13.0 3.3
HMZ=AJM0IE  MAZAIME S| 27 1,248,282| 1,151,231 97,051|2,465.0 556.9] 21.4 4.8
HMZ=AJ0IE MAZAIMES| 9 469,652 445,960 23,692 831.0 183.3 18.6 4.1
ZCHECC [MFAMOES 27 1,221,808| 1,022,870/ 198,938/2,049.0 797.9] 20.0 7.8
SHAE |H=AlSES 18 1,021,347 953,278 68,069| 1,238.0 625.8 13.0 6.6
SHAE |H=ASHE S 9 424,780 392,024 32,756 619.0 312.9 15.8 8.0
S NAZAIESLH | 9 263,196 215,004 48,192 411.0 182.2 19.1 8.5
HOzZA | HFAZES 18 959,076 853,564/ 105,512 1,834.0 589.8/ 21.5 6.9
AOIZAHA I HAEANESS | 27 1,245,000 1,058,063 186,937, 880.0 227.6 8.3 2.2
AOIZAHA [ HAEAESS| 9 426,347 381,063 45,284, 315.0 70.0 8.3 1.8
fitHelA  |[H=AHES 18 766,032 615,561 150,471|1,421.0 3255  23.1 5.3
OitHelA  |[H=AOES 9 341,400 304,672 36,728| 607.0 139.1 19.9 4.6
SietMCC [MFARSS 18 654,245 576,947 77,298| 828.0 196.8 14.4 3.4
H==etells [ H=ASHsS 18 983,146 378,065 605,081 439.0 140.8 11.6 3.7
HICE2 |[MAHZAIHEH| 18 977,395 844,115 133,280/ 1,141.0 464.8 13.5 5.5
NOEX |HF=AREHS 36 1,728,257| 1,488,968| 239,289]1,445.0 554.3 9.7 3.7
Total 08,065,566| 24,440,949| 3,824,617| 41,088 13,107.8] 590.9 189.8

(Data : Ministry of Environment)
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Table 1094 ¢} #Zo] AFA o FxAol M= B2 Fo wofa AHEstal 3o

Table 11. Total consumption pesticide and consumption per hectare of golf

course in Jeju Island

Year 02 03 04 05 06 ‘07

Total

; 18,392 22,526 28,063 38,036 38,271 41,212
Consumption{kg)

Consumption(kg/ha) 18.4 19.8 18.5 21.6 189 16.8

Table 1191415} o] AFAY F=F 571 F748e) wet 5 5 AT
2002\ oF 18EA] 2007 oF 41ES 2 SIS Th Bk AlFA]Y =279 ha
9 5 AeFS wu A BT 200698 AR Pa FHE ol

o] AFAY Bz had o gl T FOR Fastm vk AL

g ar, AlFEA e Sx el A AbgskE Bl AHE AEE AFSHY] flEl 2005
WA 2007374 A7 vE ARG (A=) defe] The et ARl 87 ZE
Aol gk vlE ARE HE-g xAbeto] Tab

Table 12014 2005~2007d7HA =278 W3k Hl® AR T2 Wt 47,073~
485971kg7HA1 10¥17F = zkel & B.GAL, FfARE I w7 = dzt ha'
ALEHOE HS uf HEo| 353~4,628ke7t A VIEANG R wE g EE 2

Aol B wAL.
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Table 12. Yearly fertilizer consumption of golf courses in Jeju Island

No. Area(m) Consumption
Golf courses hglfas Suot Sprayed | Unsprayed Year Amount(kg) X tpe(L ha)
otal area area ectare(kg/ha
2005 378,594 1,938
et 36 | 2,068,369 1,953,142 115,227 2006 218,819 1,120
2007 275,678 1,411
average 291,030 1,489
2005 61,729 465
N 18 | 1,442,771 1,327,017| 115,754 2006 940 903
(312H) ALY s ' 2007 32,651 246
average 47,073 354
2005 104,090 1,307
2006 86,424 1,086

s5=2 18 917,764| 796,136| 121,628
2007 51,644 649
average 80,719 1,014
2005 77,482 761
HesA | 27 | 1,224,344 1,017,897 206,447 2006 124,338 h.ece
2007 173,297 1,703
average 125,039 1,228
2005 477,705 4,238
m3= 27 | 1,244,848 1,127,204) 117,644 2006 458,529 A
2007 521,681 4,628
average 485,971 4,311
2005 89,964 658
o HI X 27 | 1,567,152 1,368,199 198,953 2008 99,590 728
2007 93,176 681
average 94,243 689
2005 184,840 1,586
ct2 27 | 1,334,429 1,165,090 169,339 200 s Ya 444
2007 152,654 1,310
average 168,578 1,446
2005 366,277 2,560
die|AleH | 36 | 1,591,743 1,430,633 161,110 2006 429,258 3,000
2007 392,182 2,741
average 395,905 2,767
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Fig. 6. Monthly fertilizer consumption by C-golf course in 2008.
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Table 13. Result of water quality analysis in pond of H-golf course

(unit : mg/L)

Item
m BOD SS T-N T-p
07. 1. 29 16 0.4 2402 0.028
07. 2. 27 11 08 2.1%6 0.023
07. 3. % 13 0.7 2.340 0.025
‘07. 4. 30 2.0 11 2,551 0.031
07. 5. 31 17 16 2.602 0.028
‘07. 6. 20 25 12 2515 0.033
07. 7. 24 2.1 17 2.915 0.044
07. 8. 25 2.4 19 1.480 0.078
07. 9. 27 17 12 1.901 0.055
'07. 10, 29 3.0 36 0.674 0.075
07, 11. 20 2.1 27 1.464 0534
07.12. 11 42 44 1.983 0.690

(Data : Environmental impact evaluation report of H-golf

course during 2007)

Table 14. Result of water quality analysis in pond of C—golf course

(unit : mg/L)

Item
m BOD SS T-N e
'08. 1. 30 59 96 6.303 0.323
08. 2. 27 1.4 96 2579 0.333
'08. 3. 19 2.7 2.0 2.963 0.675
‘08. 4. 28 89 158 4596 0.988
'08. 5. 29 19 14.7 3.493 0.493
'08. 6. 23 42 96 3,350 0.723
‘08. 7. 28 3.0 15.6 3754 0.476
'08. 8. 28 29 11.2 8815 1.807
'08. 9. 30 25 13.2 3,361 1.231
'08. 10, 27 85 20.0 3,077 0.624
'08. 11. 28 53 29.4 11.216 0.864
'08. 12, 15 39 11.6 6.909 0.589

(Data : Environmental impact evaluation report of C-golf course during 2008)
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Fig. 11. Monthly variations of BOD and SS.
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Table 15~16%} Fig. 14~25¢] e LT

Table 15. Results of water quality analysis by respective water purification

method in Nov. 2009

Measurement item
Golf vaulg‘tltf?E SyStem water
Course cation Ins‘_call— temper H DO | BOD | COD SS T-N | T-P
system | aton e PR gL | (ng/L) | (/L) | (ng/L) | (ng/L) | (me/L)
OPne i 81| 69 9.7 34| 152 | 228 | 2.204 | 0.653
A Generator
System 5 741 69 83| 27| 144| 660962 | 0.280
s 711 7.0 85 1.1 4.0 0.2 10.161 | 0.017
B Vi
¥ 791 7.0 8.9 1.0 4.0 0.6 | 0.161 | 0.035
e 83| 69 9.2 2.0 8.0 341077210074
NAC
¢ System
o 841 6.8 106 1.8 4.6 0.4 10.254 |1 0.032
o o it 90| 69 8.8 2.1 4.2 14 11.156 | 0.231
ar
s
5 85| 7.0 8.0 2.4 7.6 3.4 2973 | 0.441
O 28 1 821 70| 10.3 3.8 128 9.6 | 0.716 | 0.081
k SLst;mL
Y T4 85| 7.0 9.8 3.3 881 10.0 | 0.775 | 0.100
71 61 7.0 9.1 15 7.0 0.4 | 1186 | 0.240
F Vi
52 69 7.0 7.3 1.3 6.0 0411699 | 0572
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Table 16. Results of water quality analysis by respective water purification

method in Dec. 2009

Measurement item
Golf vaulg}ltf?E SyStem water
Course cation Ins‘_call— temper H DO | BOD | COD SS T-N | T-P
system | aton a({lérf PR /L) | (/L) | (/L) | (mg/L) | (mg/L) | (mg/L)
Ozone i 821 70 95 1.3 96 50| 2186 | 0.611
A Generator
System 5 72| 69 80| 07| 128 72]0.764|0.212
i 751 70 8.7 0.5 3.8 0.1 | 0.234 | 0.168
B Vi
5 77170 92 0.8 42 0.2 1 0.237 | 0.050
i 85| 69 8.9 15 76 2.0 1 0.731 1 0.049
NAC
€ System
5 84| 69 98 0.7 5.2 1.4 | 0.348 | 0.038
o o e 83| 7.0 85 0.7 2.4 2.0 10678 1 0.135
D ar
Atz
1 85| 69 8.2 2.4 6.0 6.0 | 2.568 | 0.472
G s 5l 80| 70 96 64| 15.2 6.0 | 0.822 | 0.095
2 ShstgmL
v T2 82170 8.7 51| 128 | 153 | 2610 | 0.273
71 591 69 94 0.4 6.2 0.2 11.084 | 0.222
F Vi
52 641 7.0 76 0.1 48 0.1 |1.236 | 0.484
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Fig. 14. Result of DO analysis conducted in Nov. 2009.
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Fig. 15. Result of DO analysis conducted in Dec. 2009.
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Fig. 16. Result of COD analysis conducted in Nov. 2009.

16

14

12

10

COD (mg/L)
(@]

6
4
2
0
A1 | A2|B1|B2|CH|C2]|D1]| D2
|COD 96 | 128 | 3.8 | 4.2 7.6 5.2 2.4 6.0 | 15.2 | 128 | 6.2 4.8
Golf Course

Fig. 17. Result of COD analysis conducted in Dec. 2009.
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Fig. 18. Result of BOD analysis conducted in Nov. 2009.
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Fig. 19. Result of BOD analysis conducted in Dec. 2009.
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Fig. 20. Result of SS analysis conducted in Nov. 2009.
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Fig. 21. Result of SS analysis condcuted in Dec. 2009.
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Fig. 22. Result of T-N analysis conducted in Nov. 2009.
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Fig. 23. Result of T-N analysis conducted in Dec. 2009.
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Fig. 24. Result of T-P analysis conducted in Nov. 2009.
0.7
0.6 £
0.5 F
-
S 0.4F]
E
o 03¢
'_
0.2 ¥
0.1 ¢
0.0
Al | A2 B |B2|CA|C2|DA|D2|EA|E2|F1]|F2
|T—P 0.611 10.212 |0.168 1 0.050 {0.049 [0.038 1 0.135 [0.472 |0.095 |1 0.273 [0.222 | 0.484
Golf Course

Fig. 25. Result of T-P analysis conducted in Dec. 2009.
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Table 17. Guidelines for Interpretations of Water Quality for Irrigation: Degree

of Restriction on Use

Potential Problem Units None Slight to Severe
Moderate
Salinity
EC(w) TDS ds m-1 - 0.7 - 30 >3.0
mg L-1 <450></450> 450 - 2000 >2000
SAR = 0-3 and EC(w) = >0.7 0.7 - 02 <>
SAR = 3-6 and EC(w) = >1.2 1.2 - 0.3 <0.3></0.3>
SAR = 6-12 and EC (w >1.9 19 - 05 <0.6></0.5>
SAR = 12-20 and EC(w)= >2.9 29 - 13 <1.3></1.3>
SAR = 20-40 and EC(w)= >5.0 5.0-2.9 <2.9></2.9>
Sodium (Na)
root absorption SAR <> 3-9 >9
foliar absorption meqg L-1 <> >3
Chloride (CD
root absorption meq L-1 <> 2 -10 >10
meqg L-1 <T70></70> 70 -355 >355
foliar ahsorption meq L-1 <3></3> >3
foliar absorption meq L-1 <100></100> >100
Boron (B) meqg L-1 <1.0></1.0> 1.0 - 20 >2.0
Miscellaneous Effects
Bicarbonate meq L-1 <> 15 - 85 >85
(HCO3)
unsightly foliar deposits | mg L-1 <> 90 - 500 >500
oH Normal Range 6.5 -
8.4
Residual chlorine mg L-1 <1.0></1.0> 1-5 >5H

Source: Wastewater Reuse for Golf Course Irrigation -

and Ayers 1984; Farnham, et al, 1985
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