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A Study on Water Quality for Golf Course Pond
in Northern Areas in Gyeonggi Porvince

Jae-Kwang Kim, Chan Won Hwang, Jin-Ho Park, Ji Young Kim", and Jo-Kyo Oh
Soil Analysis Team, Gyeonggio-do Institute of Health and Environment in north branch

ABSTRACT

Objectives: The purpose of this study is to investigate the water quality of 16 golf course ponds located in
northern areas Gyeonggi province by investigating residual pesticides, organic matters (BOD, TOC) and

nutrients (TN, TP).

Methods: The result data for the residual pesticides were used from 2014 to 2017. and other result data were
used for April and July in 2017. The residual pesticides analytical method was based on ‘Golf course residual
pesticides inspection method’, The others analytical method was based on ‘The water pollution process test

standard’

Results: Very toxic pesticides and banned pesticides were not detected but general pesticides were detected. In
case of the water quality of the golf course pond was applied to the lake water quality standard. In April the
average TOC concentration was V grade to 6.46 mg/L, TP V grade to 0.13 mg/L, TN VI grade to 1.6 mg/L,
In July TOC average concentration was VI grade to 8.65 mg/L, TP VI grade to 0.17 mg/L, TN V to 1.5 mg/
L. All TN and TP concentrations corresponded to eutrophication. Compared with lake water quality monitoring,
the concentrations of BOD, TOC and TP were high but the TN concentration was low in April and July.

Conclusions: It is considered that water quality managements are necessary for the golf course pond. The first
reason is that the pollutants of pond are discarded to river during rainfall and act as pollution sources. The second
reason is that the golf course users are uncomfortable because of odor caused by the pollutants of the pond.

Keywords: golf course pond, residual pesticides, Eutrophication, the lake water quality standard, lake

water quality monitoring
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201420174 FAFEd RIS ARG O
A ZxAgog 3oF 33X, 7H 3%, 9 2%, o
F 23, % 1, T4 432, 254 1328 AAs
Aok T3 20173 49, 790 A7|EE 140 2=

T-P), pH, DO, A7A =%, A5
718t AR (FaAge] TR e =
Ab B FoRR AR ol #SE 1% 27

skl A4S AASY s 385 (Carbaryl,

= 1 LE820)7]0) sk, 3281 (Dichloromethane)
100 mLE 5% §, FFMEFOR F7 AA
2 ALFE7IZ AL F Acetonitril 1mlE £33}

Table 1. Operating conditions for HPLC for pesticides
(3) analysis

HPLC for Pesticides (3)

Parameter Value

model Agilent (1100 series)
Column DB-C18 (4.6%250 mm)
Column Temp. 40°C

Detector uv

Wavelength 360 nm

sample injector Volumn 20 uL

Pump 63~65 bar

Eluant Acetonitrile 70 (V%)

1.0 mL/min
(0~15) min: A 100%

Eluant Flow
Eluant Gradient
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Table 2. Operating conditions for GC/MSD for Pesticides
(23) analysis

GC/MSD for Pesticides (23)

Parameter Value
model Clarus 680, SQ8T
Column Elite (30 m*0.25 um*0.25 mm)

50°C for 2min
10°C/min to 200°C, hold for 2 min

5°C/min to 240°C, hold for 1 min
20°C/min to 300°C, hold for 4 min

Initial temp.

Oven ramp rate

Column flow 1 mL/min
Detector type Quadropole
Q-pole temp 63~65 bar

Ms source temp 280°C
Multiplier [V] 1440

o] HPLCE #4](Table 1) &}t VA 59k 23
T2 A7 500 mLE NaCl 50 g2 33¥3} & t
Z2 2 e 100 mLE 35313 TN EFOR
T AA L IPSHA R 7 F 1 mLE 553
o] FENL AAE Z2A(1 gy ARSI o}
A B 2H3:7) 50 mLE 5 § A2 5=
ste] 1 mLelstR 3 AT}
S50 opAlE = TE 2 H(1:1)S | mL7HA] B3
o] Zo)|aL, o]& AEZNOZ AlE-3sle] GC/MSD
4] (Table 2)3tAT). L 9] FAEAYERL F2
FFREAIG7IE ] Azt A8
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] “5°F 2| =75 (Table 3)°] Sich.

T ARIE T B AdTER JE8EHE 352
Thiophanate-methyl, Iprodione, Diniconazole, Feni-
trothiono|™, o] & 7AZ&%%F2 Thiophanate-methyl
ootk BHFEEE 0.0032 mgLE HEH], 7%
Z 2mg/Le] 0.16%= M5 2 T2 AE=HA

TG FREFS AY, 7150l wet deEE
AREFo] GEpitt. FAIA evebAE TEeF 2 3}
Sl g AR ) S FALT A, 2009-2015E
AEE AHEH AREFE 200949 ©]F 2014d%
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Table 3. Pesticide residue standard of water quality o 2 FxdExprl Ash] uie ojudt Foke
(unit mgl) - Abgsigiuiel met iR wake A Ao
Water pollutants Guidelines 2 wEd

Thiophanatemetyl 2 2014~2017 717F St 167 227 AR 4
fhiadimefon 07 2% 5o BES Table 40 YERAITE 154 5
et o HOF) % AAEFA SRS BHEOIR
Tthiram 05 U utglEol Carbendazim, Flutolanil, Thifluzamide,
Diniconazole 08 Azoxystrobin, Thiophanate-methyl, Tebuconazole>
Triforine 0.5 AZEHAT. FZA AR A%+ FE= 0.0010~
Fenitrothion 0.4 00168 mg/LZ AZHULH o] F Pond-E°lA
Pendimethalin 2 00168 mgL=Z 7P =7 ASEAIL Pond-AclA
Dicamba 2 0.0010 mg/LE 7P WA AESFUY. 845 2=
Bensulide 1 7 A& 20153 Pond-A, 20149 Pond-C, 201613

Napropanide 7 Pond-(K, L, M, N, 0), 2017%d Pond-L ©]it}.
CNP 4 skl AFFE & Pond-E 0.0672 mg/L, Pond-
Isoxaben 2 M 0.0450 mg/L, Pond-J 0.0442 mg/LL <=2 2 =7

A F715AIE Bl 5 2014 the] 201500+
2.5% FHAEATh AL F5 e 26012 20149
] 117 S7Feksitt. 538 ARS-22 Fenitrothion
o] AZMAHE-FFo] 7HE BSkAL, Thiophanate-methyl,
Mancozeb, Metalaxyl =22 20143 =9} FAFSISA

vehon, 7 B 312 Pond-A 0.0039 mg/L°]
Atk 2014~2016 ZZAo) ALEEH FRAMEFS
Table 5o YRS

AA) AR-FS Pond-L 8,468 kg/yr, Pond-A 7,392
kg/yr, Pond-E 6,079 kg/yr =02 Bo] AREHIS
o, 7P4 A& L& Pond-N 365 kglyrolith. ==
Z FORAME S 22 AR FoF RER Al

th FoR AEnitt R, SRR & AIRVE e dHEs s 7 it

Table 4. Pesticides concentration (2014~2017) in golf course ponds (unit: mg/L)
Pond 2014 2015 2016 2017 Ave. SD.
Pond-A 0.0001 ND 0.0012 0.0026 0.0010 0.0012
Pond-B 0.0019 0.0023 0.0019 0.0128 0.0047 0.0054
Pond-C ND 0.0159 0.0017 0.0043 0.0055 0.0072
Pond-D 0.0073 0.0093 0.0159 0.0012 0.0084 0.0061
Pond-E 0.0292 0.0111 0.0055 0.0214 0.0168 0.0106
Pond-F 0.0010 0.0081 0.0017 0.0094 0.0051 0.0043
Pond-G 0.0063 0.0186 0.0084 0.0052 0.0096 0.0061
Pond-H 0.0031 0.0004 0.0039 0.0106 0.0045 0.0043
Pond-I 0.0006 0.0141 0.0010 0.0121 0.0069 0.0071
Pond-J 0.0061 0.0252 0.0011 0.0120 0.0111 0.0103
Pond-K 0.0060 0.0109 ND 0.0132 0.0075 0.0058
Pond-L 0.0018 0.0125 ND ND 0.0036 0.0060
Pond-M 0.0341 0.0097 ND 0.0012 0.0113 0.0158
Pond-N 0.0050 0.0123 ND 0.0016 0.0047 0.0055
Pond-O 0.0060 0.0065 ND 0.0042 0.0042 0.0030
Pond-P 0.0000 0.0105 0.0024 0.0069 0.0050 0.0047
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Table 5. Pesticides usage (2014~2016) in golf courses (unit: kg/yr)
Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond- Pond-
A B C D E F G H 1 J K L M N (@) P
2014 2283 997 1,508 374 1,997 126 435 769 938 1,131 790 3,415 237 204 1,268 1,028
2015 2,053 634 451 177 2,042 191 574 591 1,341 893 708 2,930 328 85 752 961
2016 3,056 433 231 391 2,040 107 667 419 1414 880 530 2,123 264 76 1,043 1,166
Total 7,392 2,064 2,190 942 6,079 424 1,676 1,779 3,693 2,904 2,028 8,468 829 365 3,063 3,155
0.1600
~ 01400
> 01200
£ 1w uCarbendazim
.% 00800 BFlutolan!
g 0.0600 m Tebuconazole
g 004 B Thiflzamide
Y 00200 .
BAzoxystrobin
0.0000 .
20144 20154 20164 20174 = Thiophanate-methyl
B Carbendazim B Flutolanil B Tebuconazole
W Thifluzamide  Azoxystrobin m Thiophanate-methy!

Fig. 1. Detected pesticides concentration in golf course
ponds (2014~2017).

%94 SAREEN
o olste] &
o g 5

A oy A

o0
]
g
=%

27} vk AgkEd

2014~2017d HEHE 7Y 5% =& Fig. 19
HeRH AT

AP FE(2014~2017) © Hls==)E of

29} 2t} Carbendazim 0.0528, 0.1391 mg/L (2015),
Flutolanil 0.0140, 0.0244 mg/L (2014) Tebuconazole
0.0200, 0.0514 mg/L (2014), Thifluzamide 0.0079,
0.0514 mg/L  (2014), Azoxystrobin 0.0044, 0.0122
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Fig. 2. Pesticides detection frequency in golf course ponds
(2014~2017).

mg/L (2017) Thiophanate-methyl 0.0032, 0.0084
mg/L (2017)°]AT}.
9 25 b AN (Fig 2= AA 6157

Z 4747004 Fo] A&Ho] 77% AE HUTh
21 % Carbendazim 33%% 7P o] HEHUL,

Flutonanil 16%, Tebuconazole 16%, Thifluzamide
15%, Azoxystrobin 15%, Thiophanate-methyl 6% <=
o7 A&FAc}.
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2 AETFH(Table 7)S 345 F2715
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o) vhel] e, HlEE= Pond-A FE7
oA 22.0 mg/LE vl Lo sFEATE T F
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o AFHAL FAL HHEEE 1.5 mgLE vi$
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Fo3oF WA R F (Table 6)= 671 o] QA B
ATeMe F93 FEA FEE A48l YIS
35 desih

20173 49 =
mg/mo|H FA2L FEFEE 1,600 mg/m’E BT
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23, IZF ARSAS 25T

20174 44, 799 AV= 34 FASHYEON
A7) FE Z2g AR FES v WEIth(Fig. 4.).

TR gv] 49 F=Z AR TOC B
TE 262%, T-P Ha5EE 55.7% =4 AEHA
o W TN BE5EE 55.6% 2A AEHA0

2017 79 == ARe FR HdEE=S1T2 a2)al 78 F2A AR TOC Bskes 50.6%,
mg/m® oJH FA% FFFEEE 1,500 mg/m® & & T-P HdsEE 20.3% =74 AEHATH
Table 6. Eutrophication criteria
Indicator oligotrophy mesotrophy eutrophy References
5~10 10~30 30~100 Vollenweider 1967
<10 10~20 >20 US EPA 1976
T-P (mg/m®) <12 12~24 >24 Carlson 1977
<10 10~35 35~100 OECD
<15 15~25 25~100 Forsberg & Ryding 1980
T-N (mg/m’) <400 400~600 600~1500 Forsberg & Ryding 1980
I-N (mg/m’) 200~400 300~650 500~1500 Vollenweider 1967
chlorophyll-a <4 4~10 >10 US EPA 1974
(mg/m’) <3 3~7 7~40 Forsberg & Ryding 1980
>3.7 2.0~3.7 <2.0 US EPA 1974
Transparancy (m) >4.0 2.0~4.0 <2.0 Carlson 1977
>4.0 2.5~4.0 <25 Forsberg & Ryding 1980

http://www.kseh.org/

] Environ Health Sci 2018; 44(4): 323-329



328 AMT - BRI - 8Es - AXY - exm
Table 7. Water quality concentration in golf course ponds (April 2017) (unit: mg/L)

fem "6 p B F Q A

Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond--

=]
c P J K R s T 3¢

BOD 55 41 39 10 48 53
TOC 75 61 59 30 68 73
TN 14 29 12 23 10 1.1

38 20 69 46 38 64 59 45
58 40 89 66 58 84 79 65
1.7 20 31 08 09 11 1.3 1.6

T-P 0.037 0.457 0.043 0.075 0.058 0.116 0.223 0.256 0.076 0.194 0.191 0.050 0.032 0.029 0.131

DO 101 83 93 96 90 90

Electric.
(us/cm)

pH 70 66 65 65 65 75
Ecotoxicity 0 0 0 0 0 0

37 47 63 40 1.0

74 77 87 93 86 &5 87 872
33 73 127 63 93 83 77 583

79 76 69 70 69 69 70 70
0 0 0 0 0 0 0 0

Table 8. Water quality concentration in golf course ponds (July, 2017) (unit: mg/L)

fem 6 b B F Q A

Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond-- Pond--

|
B ¢ P 1 K R u 3%

BOD 4.1 43 5.1 0.8 3.0 200
TOC 6.1 6.3 7.1 2.8 50 220
TN 1.6 2.8 0.0 1.6 0.1 1.5
T-P 0.112 0.311 0.031 0.161
DO 85 116 95 115 123 92

Electric.
(us/cm)

pH 6.6 8.8 8.9 8.0 8.9 6.5

150 1923 103.0 222.7 117.5 9.7

0.144 0.151

150 17.0 137 8.0 9.7 440

3.2 3.0 2.7 38 187 134 42 6.6
52 5.0 4.7 58 207 154 62 8.7
2.1 22 2.4 1.1 1.5 1.1 1.4 L5
0.644 0.169 0248 0.042 0.101
83 7.8 9.9 9.6 7.4 7.7 81 935

0.040 0.080 0.172

443 6245

6.4 6.5 6.7 59 6.4 6.1 6.4  7.08

mT-N mT0C -+T-P [

concentration (mg/L)

concentration (ma/L)

April Pond

April monitoring July Pond July monitoring
network network

Fig. 3. comparison golf course ponds water quality with
monitoring network lake in April and July 2017.

S TN B 40.0% WA AEEc 4
HHoR FI1BATOCR FA9 vEE 2oy
Aol w7 AEE W FAre) FrE £4%

Aol =7 HEEAH
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