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Abstract

This study was carried out to assess water quality and to introduce the management measures for water quality improvement
with the collected data from 87 agricultural reservoirsin Han river watershed. According to the water quality criteria (WQC)
for lake based on the COD, TP, TN and chl.a concentration, 18, 16, 4 and 19 of 87 reservoirs exceed class |V, respectively.
Based on the trophic state index (TSI) with chl.a concentration, 51 of selected reservoirs appeared to be eutrophic. Phosphorus
was limiting nutrient on algal growth in 58 reservoirs. TP, chl.a and COD concentration in 23 of 49 agricultural reservoirs with
chl.a concentration > 25 ng/L and eutrophic exceed class IV by WQC. Also, the mean depth in 21 of 23 reservoirs was below
5m. Our results suggest that advanced wastewater treatment and crop land control in watershed of reservoirs with TP
concentration > 0.1 mg/L would be a effective tool to improve water quality. Dredging would to be effective measure in
reservoirs with mean depth < 5 m and relatively old age. In reservoirs with chl.a concentration = 50 ug/L, application of
technique such dissolved air flotation (DAF) and P inactivation be effective to improve water quality by removing particulate
matters in water column. The management measure to control inflow such as sedimentation basin, Pre-dam and diversion
would to be application in reservoirs with shallow depth, while large watershed and surface area.

keywords : Agricultural reservoirs, Han river watershed, Limiting nutrient, Trophic state index (TSI), Water quality criteria
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Table 1. Location, reservoir surface area (SA), drainage area (DA) and completion of reservoir (CR) in 87 agriculture reservoirs

Category Locgti on N ame' SA2 DA2 CR Category Locgti on Name' SA2 DA2 CR
(province) (Reservoir) (km®) (km%)  (year) (province) (Reservoir)  (km") (km?) (year)
1 Cheolwon Hak 18 26.0 1945 45 Gunpo Banweol 0.5 12.2 1957
2 Hoengseong Wochun 0.3 30.4 1961 46 Yangju Hyochon 04 7.0 1982
3 Wonju Heungup 0.3 175 1962 47 Gwangju Hongjung 0.2 7.1 1957
4 Gangneung Okgye 04 234 1978 48 Pyeongtaek Pyeongtaek 243 16340 1973
5 Hongcheon Gaewoon 0.2 49 1975 49 Hwaseong Duckwo 11 227 1949
6 Gangneung Hyang 0.2 3.2 1987 50 Yangpyeong  Hyangri 0.1 3.6 1945
7 Gangneung Changhyun 04 11.5 1947 51 Yeoju Samhap 0.1 17 1945
8 Y anggu Weolwoon 0.2 104 1962 52 Pocheon Wokeum 0.2 5.2 1958
9 Gangneung Sinwang 0.2 26.8 1961 53 Yeoju Heungaso 0.2 6.3 1945
10 Wonju Sonkok 0.2 9.9 1984 54 Paju Y eunpung 0.2 8.9 1960
11 Wonju Gungchon 0.2 13.4 1971 55 Hwaseong Namyang 7.7 209.0 1973
12 Samcheok Chodang 0.2 44 1969 56 Anseong Chilkok 0.2 39 1958
13 Gangneung Kyungpo 0.2 11.8 1972 57 Yongin Y ongduck 0.2 12.5 1959
14 Wonju Bangye 0.3 25.0 1958 58 Suwon Wonchun 05 9.3 1929
15 Pyeongchang ~ Gyechon 0.0 19.0 1994 59 Suwon Sindae 0.3 6.5 1929
16 Chuncheon Joyeun 0.2 14.7 1949 60 Pocheon Keumju 0.2 8.2 1981
17 Wonju Chwibyeong 0.1 7.3 1971 61 Yongin Giheung 23 53.0 1964
18 goseong Songkang 0.3 125 1975 62 Yangpyeong  Daepyeong 0.1 7.0 1962
19 Wonju Daean 0.1 5.7 1998 63 Hwaseong Bangkyo 0.1 4.0 1945
20 Cheorwon Yonghwa 0.3 14.0 1960 64 Yongin Idong 3.3 93.0 1972
21 Hongcheon Daeryong 0.2 113 1957 65 Anseong Gosam 2.8 710 1963
22 Gangneung Dongmak 0.1 18.0 1961 66 Anseong Ducksan 0.3 49 1991
23 Hongcheon Gurun 0.2 9.9 1977 67 Paju Balrang 0.2 18.8 1976
24 Hoengseong Owon 0.1 15.0 1977 68 Gwangju Docheok 0.1 9.8 1975
25 Hongcheon Sangan 0.1 5.0 1982 69 Anseong Y ongseol 05 79 1985
26 Hongcheon Saengkok 0.2 13.1 1985 70 Namyangju Onam 0.6 155 1985
27 Goseong Hakpyeong 0.1 14.2 1963 71 Yangju Bongam 0.2 34 1979
28 Goseong Dowon 0.3 26.1 1969 72 Yongin Duchang 0.2 2.8 1992
29 Chuncheon Sinmae 0.2 10.6 1985 73 Yangju Gisan 0.1 8.7 1979
30 Gangneung Sachun 0.2 22.8 1985 74 Pocheon Gomo 0.2 40 1984
31 Chuncheon Wonchang 0.2 13.0 1998 75 Anseong Keumgwang 15 48.3 1961
32 Y angyang Seolrak 0.1 15.6 1980 76 Y eoncheon Baekhak 0.2 10.0 1969
33 Gangneung Obong 0.9 109.0 1983 77 Anseong Changgye 0.1 23 1986
34 Hwaseong Donghang 0.6 6.3 1939 78 Yangju Wondang 0.2 34 1979
35 Hwaseong Myeokwo 05 8.3 1945 79 Yangju Duckgye 0.1 24 1979
36 Paju Gongneung 04 16.4 1966 80 Pocheon Gisan 0.1 8.7 1979
37 Uiwang Wangsong 1.0 15.6 1948 81 Anseong Cheongyong 0.2 7.3 1974
38 Icheon Seolsung 05 6.2 1958 82 Anseong Gwanghye 04 10.4 1988
39 Anseong Mansu 0.2 3.8 1945 83 Anseong Misan 0.2 44 1985
40 Hwaseong Botong 0.5 7.2 1955 84 Anseong Madun 0.4 124 1975
41 Hwaseong Eochun 0.2 38 1956 85 Paju Maji 05 14.2 1980
42 Icheon Y ongpung 0.3 5.0 1946 86 Pocheon Sanjung 0.3 15.4 1945
43 Yongin Y ongdam 04 7.7 1978 87 Yeoju Changheung 0.2 7.9 1995
44 Siheung Heungbu 0.6 13.2 1944
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AE FHEAFA 5 ZYE 337 & (category 1~33), B7I 57 A4 (6, 34, 39, 50, 65) & 4/MA7F 2FHEPoH,
% 547l A AGA(category 34~87)2 1Yo sl tHTable HE4 a 5%, COD, TP £22 2%}g0] EShtHTable
1). EAFA A 1998dFH 2003d7tA] SHE T2A 2). 34 ALEAAIIE 457 =H AFA+= COD7|IE 18
EE 8392 FFTAS ATE&FE FEHEFY y| 7 22(20.7%), TP71& 16714:(18.4%), F=4 a’lF 19712
2 AEsden, EXol&dE2 2003d ARE EEIA (21.8%) R o™ 687M(78.2%)AFAANA TN BEE 45F
HEE T 59719 AL 2003). ol &g Uetiith

22. TAHI}

F497te F43% AE(TP, chla, COD)S H#zte
S28ERE 7| et FrbstdTh & ATl EEF
A2 5PE&TF AMEVIE 54 BEREVE IVEFLE
st FAFSE Frle 454 a TEE o] &3t9 Cd-
son(1977)0] A|Algt Wge| uwel FF FS=R] 4 (Trophic
State Index: TSI)E Al (4] (1)) Kratzer?} Brezonik
(1981)7F AAI 71Ee wetk FrFstATHTSI =53 FI Y
5}, 40<TSI<53 TP L3t TSI<40 WG Lsh).
TSI(chl.a)=10x[6-(2.04-0.68 In chl.a)/In2] @

23, HE|HMNM X X =R MY

R GAFLAAE S Ad ZAINGAFAE
3 @424 a 559 OECD 71&(d = Y 4=4
=7F 25 pgll olgelH FIgshE A &5t fd&
3tk 4o] 5 m Flgoli ¥E A a F&=7t
el AFAE §F |, 4 5 m ngo|a a
7b 25 nglLold o AsAe #8 1, F4 5 m ool
AH4 a TE7F 25 pgloldd AFAE /9 1 23

H=
4 5 molgelH g54 a FE7F 25 ug/lLrIwel A

(1981) (& (3))7F AAIGH ol A4St TSI HAHEA
T4 FEE AFFEY Ao)2HH 2/FE4TES A
1 Hrlske W S Z(Havens, 2000),
BEZREH AME
AsEg & 3%
delE Aoz Adsdn
TSI(TP)=10x[6-(In(48/TP))/In2]

TSI(TN)=10x[6-(In(1.47/TN))xIn2] ©)

3. 2nt & IH
31, SEHY
2} 4 A% $ATEE 32 ABRENE 45F
2AE FrlAE TNEES Z$ TN/TP H|7} 160]35k1
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Table 2. The water quality state depend on environmenta criteria of water quality (ECWQ)

ECWQ class

cop”

G

TN

TP chla”

la

9, 18, 19, 27, 28, 30,
33, 57, 60, 79, 83 (12)

12,

Ib )

15 27, 28, 31, 33,

22 (1)

18, 19, 20, 22, 23, 24,
27, 28, 29, 30, 31, 32,
60, 70, 79 (19)

25,
33,

5, 6, 8 12, 14, 16, 20,
23, 24, 25, 29, 31, 52,
70, 73, 74, 80, 86 (20)

20,
29,
73,

2, 4,5

8, 9, 14, 16, 18,
21, 22, 23, 24, 25,
30, 32, 52, 57, 68,
79, 80, 83, 86 (28)

19,
26,
70,

2, 10, 12, 14, 16, 17,
26, 27, 68, 73, 80, 81,
86 (15)

21,
83,

2, 10, 15, 17, 22, 26,
66, 81, 84, 87 (11)

10,

1l @)

17, 64, 67, 74, 81,

9, 12, 18, 30, 32 (5)

4,8, 11, 15, 51, 52, 53,
64, 66, 74, 75, 76, 77,
84, 87 (17)

62,
82,

1, 11, 13, 53, 69, 75,
82, 85 (9)

46,
65,
77,

1, 3, 6 7,

11, 13, 41,
47, 49, 51, 53, 54,
66, 69, 71, 72, 5,
78, 82, 84, 85 (27)

45,
62,
76,

4, 5, 6, 21, 23, 27, 28, 29,
31, 33, 51, 76, 81 (13)

1, 3, 6, 7, 13, 35 41,
45, 47, 49, 50, 54, 56,
69, 71, 72, 78, 85 (20)

42,
67,

4, 7, 47, 48, 49, 51, 54,
56, 62, 65, 67, 71, 72,
78 (16)

55,
76,

35,
56,

36, 42, 43, 48, 50,
58, 59 (10)

55,11, 2, 7, 8, 10,
50, 52, 53, 56,
73, 74, 15, 71,

84, 86, 87 (25)

16,
66,
79,

20,
69,

25,
72,
83,

34,
58,

36, 38, 40, 43, 46,
59, 63, 65 (11)

55,3, 35 36, 38, 40, 41,
43, 45, 46, 50, 58, 59,

63 (15)

42,
61,

34,

\

37, 38, 39, 40, 44,

63 (8)

61,[3, 11, 13, 14
24, 26, 34, 35,
39, 40, 41, 42,
46, 47, 48, 49,
58, 59, 60, 61,
65, 67, 68, 70,
85 (43)

15,
36,
43,
54,
62,
71,

19,
38,
45,
57,
64,
80,

37, 39, 44, 48, 61 (5) 34, 37, 39, 44 (4)

"ECWQ denote environmental criteria of water quality.
" Numerics in parenthesis indicate reservoir number.

Table 3. Classification of 87 reservoirs based limiting

nutrient

P

and

N) and trophic state

Limiting nutrient

Trophic state

Category

Oligotrophic (1)

27

not Mesotrophic (20) 6, 8, 9, 12, 16, 18, 19, 28, 30, 32, 33, 52, 57, 60, 64, 73, 74, 79, 80, 83
Eutrotrophic (8) 1, 13, 48, 55, 61, 65, 66, 85
Mesotrophic (14) 5, 14, 17, 20, 21, 23, 24, 25, 26, 29, 31, 68, 70, 86
P Eutrophic (29) 2, 7, 10, 11, 15, 36, 37, 38, 40, 42, 46, 47, 49, 53, 54, 58, 59, 62, 67, 69, 71, 72, 75, 77,
78, 81, 82, 84, 87
P N Mesotrophic (1) 22

Eutrophic (14)

3, 4, 34, 35, 39, 41, 43, 44, 45, 50, 51, 56, 63, 76

* Numerics in parenthesis indicate reservoir number.

60

50 4

40 4

30 4

20

Number of reservoir

10 A

1 Kangwon-do
Kyounggi-do

Oligo- Meso-

Trophic state

Eutro-

Fig. 1. Trophic state of study reservoirs by TSl based on
chl.a concentration.

Fig.

B2 TPEE(0.013~0.034 mg/L)$ Hlas] 20u) o]

[e)

L

60

Mean value
— 0__M.d'an ..I\
9 5 edian value
< 401 .
a
=
g 30 4 . T
&
W
§ 20 A
2 10+
£y
7] L
2 | I :
Kangwon-do  Kyounggi-do

2. Comparison of agriculture area/drainage area (DA).
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Table 4. Classification of 87 reservoirs based on mean depth (5 m) and OECD criteria by chl.a concentration (25 pg/L)

Type Category Trohic state ECWQ'
I 5, 6, 8, 52, 57, 60 Mesotrophic (6)
3, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 48, 50, 55, 56, 58, 59, 61 ) Excess (21)
I Eutrophic (30) —————
1,2, 4,7, 47, 49, 51, 53, 54 Achievement (9)
14, 21, 26, 86 Mesotrophic (4)
I 63, 65 i Excess (2)
Eutrophic (19) ——————————
10, 11, 13, 15, 62, 67, 69, 71, 72, 75, 76, 77, 78, 81, 84, 85, 87 Achievement (17)
27 Oligotrophic (1)
IV |9, 12, 16, 17, 18, 19, 20, 22, 23, 24, 25, 28, 29, 30, 31, 33, 64, 68, 70, 73, 74, 79, 80, 83| Mesotrophic (25)
62, 82 Eutrophic (2) Achievement (2)

Table 5. Classification of 51 eutrophic reservoirs based limiting nutrient (P and N), mean depth (5 m) and environmental
criteria of water quality (ECWQ)

ECWQ (class 1V) Depth (m) Limiting nutrient ( )’ Reservoir no.
P (8) 36, 37, 38, 40, 42, 46, 58, 59
<5 P, N (10) 3, 34, 35, 39, 41, 43, 44, 45, 50, 56
Excess not (3) 48, 55, 61
(23) P (0)
> 5 P, N (1) 63
not (1) 65
P (6) 2, 7, 47, 49, 53,54
<5 P, N (2 4, 51
Achievement not (1) 1
(28) P (15) 10, 11, 15, 62, 67, 69, 71, 72, 75, 77, 78, 81, 82, 84, 87
> 5 P, N (1) 76
not (3) 13, 65, 85

" Numerics in parenthesis indicate reservoir number.

FA9 FAMAES g & W9 gL /49 Ul J B Fatal e 23 AFA F FA W TP %7 0.1 mglL
Aol gt At A W ¢ s ARE HXE=Z e A oldel® #§9 W & TP #AFINF T ALA 7AS
o] tgd Aeolth F51Eo] 40%°] 49l AFA|(37, 48, 55, 58, 59)E2 MY
E AFA FABIANY AFA AP M 4= shol]l 710 Ql fYvbsAdel & Aoz FFHE=R
2 a 5% FAdgtel 25 pg/LolF(HE1S ol 9% 71& steAg Y 24, 9 A=A E 93 AssA0l
2 FrtE 49 N AFAE FRAFAZ JF3ATG +HHez AEL Part diTable 6). F7H2E T
(Table 4). 4970 AFAZE FHEAFA F TNE AL 28471E 2 24, A5Y FY¥E WEVES d45EA
TP, chl.a ¥ CODE®E 257l 42837 |& 4538 2% YU EFAE FozA AA fFYdELY FdFE A
e 237 AFAE FEFor SHBLYI aF AFA Zete ddo] Bed Aew dgdAt 1Y A3 5
2 AFsdt 837 223 237 AFgAe F e (2007)2 9 SBRAY ol8HAo] 0% oldd HH
(63, 65) At F8 Il EFHE F40] 5 m vgt FA W TPEE7F 0.1 mglL oozt Z83 2R/E A
o] AFAEo]AHTable 5). Al vl Qlth ol sherAE Y] devlide] Bad e
2 ANA AFA(37, 48, 55, 58, 59)A FA W TP &

3.3. TERIJjM ot =7 WEA] AEA Y 7] Aolg g F g Al
2 AN FHBYNIAFAY FR2AEA F2 Abety e AUMAYE AF HrHY FoAE Axdrh o
Ede 9% 2 oF S Ao O B A=A A FA W TPEE7F 0.1 mg/l oot AA F9d3
W Z 29849 fYoz 299 AFAE B4 J|&= S SFA WAl 30% ol AAE AFAE2(34, 7,
T2 F ok Ao 715k 19 1=HE, AF 38, 39, 40, 48, 55) FAXA #E9 "ol A7l F
FAU AAY S 5 dFEFY AA, #FERSHA otk FAA ] AxH Hule} g gt JFgoz §YH
THEEY Y 52 FYdA BAT 2AEAY HWE, t A& Fags] e AuFE Z AEEY 9 3
WA FSE AEHE ARtAl F G, ol ® & AY FEY BAE 2AdELY ALS BFHo= I ¢
2R gt sQuiEFsH 22 WHol ArHCooke et A4 244 59 dol 4849 4 ok shHY T A}
a., 2005). ole] WjFR F EAME2 o] Ho] WA gle Xl 24
2 AFolA §F 1< el T3 $£2IF7NEE = AFANE P2 F4 gA B ol AXEFETY 2
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Ao 5 Ao
WEg 2AlY §3
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(Peterjohn and Correll, 1984).

ol PAd sy Z Aoz ¢

oA dalAE ZAF QAE B 74 5
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»
o
f

4

#UA S wREGE AR digte] E § g Aotk
AFAZ FY8 FIFEZY AAY EEZIED
A7 FEE s W ANELY Ade s #ETHe
2E A8A Z& MFA, AFFulF, AUSH, IE884
s, AEA 59 34 W SHEFEE AT dHH
glAoly Z7], sletoFE AN § 4 Wl 29 WAS
S F2E MGl Atk B AFREARA F #F
el 23t AgA F F2FF7|ES 2FsaL o 4
Aoz =59 AFAE2(3, 34, 35 36, 37, 38, 39, 40,

41, 42, 44, 45, 50, 56, 58, 59) H A& 7]A7 WHF3}
7} & 7FsAel AtHSommer et a., 1986)(Table 6). =4
WEEs 24 2 AS8E N 235 g
wol7le st &4 #3 F AdHAn
=EHo F£-o] 9358 <
FES AHAEZ dasttiAd st
735, 1990; Cooke et a., 2005 Nayar et a. 2003;

2Hog dohd bt
ol QBB PHE HBEIAE WPHPR4L a

B 50 pgll ©ld)eo] =& A4A(34, 35, 36, 37, 38, 39,
X =5 W F71ES AF AAS 9%

Hg7bssith ¢ 8435 gy
HAZoR2 AAANA AAS wot

),
=
>,
e
oF m@ 1
~ o
% 5l
= fdm [o
8> oo Al

ok o B

x4 ®
Wy off fol

(Cooke et a., 2005). o=
Zrol Za Al e Qlo
EAFA Y 2EE v=5FH
71€g IHE AMgtid
ol Q& 2 EFHVE A& F UAHEHEF, 2004). 23]
AR Qo] wiFolg A9F nuFHo = A FFoz A
FHotA FEE FESF F4lol FHEHE AFAqA 2
SATHB3, 65). FAHT}E T2
g AL 5 WA AP f71E A #4hE U
9 AT FEFHOE AIAMGE BRe} Zo] @ HdAy Yo
et AR gPste FEsf ok vk HoltH(EH T,
2004; Cook et al., 2005).
FAo FoHE TR 23 Y
A2 (48, 55, 61)oA FAol FA|
] AAYHEE H&stes A2 A7 Ag F ATk

o

Table 6. Applicable conservation practices of 23 eutrophic reservoirs

) ) Advanced ) Sedimentation Physical
Category Dredging Land use control wastewanir P inactivation basin/Predém/ harvestingx
treatment diversion (etc. DAF)
3 ++ +
34 ++ ++ ++
35 ++ + ++
36 ++ ++
37 ++ ++ ++ ++
38 ++ ++ + ++
39 ++ ++ ++
40 ++ ++ +
41 ++
42 ++ +
43 + +
44 ++ + ++
45 ++ +
46 + +
48 ++ ++ ++
50 ++ + +
55 ++ ++ ++
56 ++
58 ++ ++
59 ++ ++
61 + ++
63 ++
65 ++ ++

" ++ Beneficial effects expected, + : positive effects expected
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