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Abstract were established to efficiently control the inflow of con-

) o . taminated water into reservoirs. The rainfall and farmland
This study focused on determining the specific causes and

. ) areas in the upper part of the reservoir were investigated
prevention methods of mass fish deaths occurred in five
reservoirs (Gagugi, Neupgokgi, Danggokgi, Sagokji, and
Hangokji) in Andong-si. For this purpose, a survey of ag-

ricultural land and livestock in the upper part of the reser-

using Google and aviation data provided by the Ministry
of Land, Infrastructure, and Transport. The current status
of livestock farms distributed around the reservoirs was

. ) o o also examined because compost from these farms can flow
voirs and analysis of water quality in the reservoir irre-

. o into the reservoir when it rains. Various water quality pa-
spective of whether it rains or not were conducted. We at-

. o rameters, such as phosphate phosphorus (PO,-P) and am-
tempted to examine the changes in dissolved oxygen (DO)

. . monium nitrogen (NH;-N), were analyzed and compared
in the surface and bottom layers of reservoirs and changes

) ) ; for each reservoir during the rainy season. Changes in the
in DO depending on the amount of livestock compost and

. . o DO concentration and electrical conductivity (EC) were
time. Based on the above investigations, treatment plans

also observed at the inlet of the reservoir during raining us-
ing an automated instrument. In addition, DO was meas-
* Corresponding author: Keon Sang Ryoo ured until the concentration reached 0 ppm in 10 min by

Phone: +82-54-820-5453; Fax: +82-54-822-5452; adding livestock compost at various concentrations (0.05%,
E-mail: ksr@andong.ac.kr
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0.1%, 0.3%, and 0.5% by wt.), where the concentration of
the livestock compost represents the relative weight of
rainwater. The DO concentration in the surface layer of
reservoirs was 3.7 to 5.3 ppm, which is sufficient for fish
survival. However, the fish could not survive at the bottom
layer with DO concentration of 0.0-2.1 ppm. When the
livestock compost was 0.3%, DO required 10-19 h to
reach 0 ppm. Considering these results, it was confirmed
that the DO in the bottom layer of the reservoir could easi-
ly change to an anaerobic state within 24 h when the live-
stock compost in the rainwater exceeds 0.3%. The results
show that the direct cause of fish mortality is the inflow
of excessive livestock compost into reservoirs during the
first rainfall in spring. All the surveyed reservoirs had rel-
atively good topographical features for the inflow of com-
post generated from livestock farms. This keeps the bot-
tom layer of the reservoir free of oxygen. Therefore, to
prevent fish death due to insufficient DO in the reservoir,
measures should be undertaken to limit the amount of live-
stock compost flowing into the reservoir within 0.3%,
which has been experimentally determined. As a basic
countermeasure, minerals such as limestone, dolomite,
and magnesia containing calcium and magnesium should
be added to the compost of livestock farms around the
reservoir. These minerals have excellent pollutant re-
moval capabilities when sprayed onto the compost. In ad-
dition, measures should be taken to prevent fish death ac-
cording to the characteristics of each reservoir.

Key words: Compost, Dissolved oxygen, Fish death, Live-
stock, Reservoir
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A7} AA s WAE 4831, ol AFA e Tl
2 FR FxHo e A7 A8 gelsto] A Al
Al A TSR ENE e or A8shs ves &
AbstGTh vl7F @7 A, 30 A5A 4 AHE

7] $J8tod Aol s (pH), 17]1H S (EC; electrical con-
ductivity), FT771¥2TOGC; total organic carbon), &
Z(SS; suspended solids), T2(T-N; total nitrogen), &
QI(T-P; total phosphorous), Q141Md1(PO4-P), SFEHoHd
AA(NHN), AAA2NOs-N) S Bl 143109, 74 A]
o]9 2E% Tl gal o} 77t HAbEEA Rl
Tt 1] Al 571 AR 9] upege] EdiH] SEARE
A o] w0 S ISRk 53], ARA| dPdo R
- Al 15417 B9t A7 AR o} A A0 Wl s izt
sto] 23919 STl wE Sk BISlES YopH sl 1
23 71N fYEE HE AR mE 50 d71d
LEs}l §3:AnTe] Hgks Addste] s Ax Enrt
AFA R Y Al AFA el|x] dAJA 0w §E4kagke] v
A= PEE golugith HEFAow 77| ApA] EA4E 1L
Het Azl 2Rk whdstaa} sigich

Mz X AE

EAfh HAxI2| B2
o AP Uofskel AARE QHEA] Q1 Flel Q=

(-]
% : .; s’
Hang_c;.kp’i ¢

578 A15A1€] 21A(Fig.1) ¢} AA(Fig. 2)& St Al
S %= W2 (Drainage area), ¥71W2|(Irrigation area),
T4 % Total storage), a5 Effective storage)©|
o} 570 AA] A Ao -] AAEA 9 sAE A
& T2(Google) &t HEN-IA AFeh= & AAng L83t
o] ZALISIL. 71439 A= A7 A5 BAAEE o] &3t
o, 570 A|5A] A L] A WA o] S Akt
T AgAlel AdA o w f5E Aede ARGl o] gell
S A A sA el Axd ERERTE ATAE Y9 )
SHOE Q] A Aol Tl e FAksTE d%ks

sjetaiict.

“

ZAF XEX|e =FE 2N

AR Ao AL =2 @ AF AN o] A sle] A
3}tk pHSF ECx= pH VIEI9 EC meter® @%glA 2t
7z} =435k 0m, TOCE TOC =%7|(Vario TOC cube,
Elementar, Germany)® A3t3ith SS& Fal4lf 1A
(GF/Q)7 oAl F-2Fst & A 5F ofdeta o 7
zafo] FAE "ot o3 A3 £ FA L Aol TSiGith
T-N¥} T-PE= Aol 43} opxazniiiskey o s Az
< UV/Vis #%34%7](Scinco, S-3100, Korea)E ©]-8-5}]
Z}zy 3ol 215 nm$}t 880 nmellA SASITE PO,-P,
NHs-N, 72|32 NOs-N+ oA zrtE 135 o]-§-3}o]
FA3F5H940 Professional IC Vario, Swiss, Metrohm).
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Fig. 1. Map of reservoirs subject to survey in Andong-city.
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Reservoir Location

Rainfall influence area

Farmland area

Gagugi

Neupgokgi

Danggokgi

Sagokiji

Hangokiji

Fig. 2. Rainfall Influence area and farmland area of reservoirs taken by aerial photographs.
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Fig. 200 A5A] $1X), -4 W, 72l 54 WA
& FeR vehlglth 7Y Beag WAl
1,043,160 m*o|1, 7 HA e

377,065 m20.2A 74493
AT, o] AR MW o7 7 ohgdro & FX|7}t Zof
A HAYNN I AGA] Aol SARS0] BEE glglon
A Shksloinh. 34 -9 Fe] WEo] 524,423
m?0|9) 1, -9 FE U9 SAHAL 190,295 m? O 24 F
A7} Ak W 9] 36.3%°131tE ©] AFA|
T U = R R AL uixE o 9l%lan, A5H] 2
Ao Ut $ARSo] BxEo] Qiglon AFARE} gt
S| oA It A2 -9 WA 84,462 m”
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FEFAe] 52.9%7F FAZ ol Stk FAlE tiie] &
A FRErow FrIb FrEo] Ao AG5A] Aels §
AbEo] Itk WA gkont drglo] ol HaEo] glgla
ZBANEE AEe] ALE o] Foth ARAE e |
0] 269,065 m*oH, -9 FH U] sAUH2 60,161 m
O FA ZFFATFA 22.3%7F FA0ITE AFAIE HIAE
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Table 1. Specifications of reservoir

2 WAL 133,690 m? O 2 -4 dA] 251%7}F
ooz QUSITh o] AFAlE thito] FA Tt Pk
E FR7F A2A iR Ee] IS, AgA] el digfi
PAFEO] BAEH gllom, Ato] =1 HANETF Ut A

ol wlsto] FAsHA Hol A3tk

XE&X| EE 2A

20229 5¢€ 22% A9 69 64 7S A5 23] 4
A AA oA AgE AF TR 48 AIE Table 29} 3]
UERHSIAL o5 nig o Zzhe] A9 4 AElE vl
ato] gl o FHlALY] AT dolESITE vl 2}
AAe] pHE 7.0-7.6 W00 7354190 vl waiS v
Aol HolA| Askth EC| A HI7 Al 258-449
uS/cm, 7 A= 304-439 uS/cmzA Avkek Zpo] 7} 19l
T} TOCi= HIZ$-A) 5.38-8.25 mg/Lolglom, -5 Al
6.48-11.77 mg/LEA thi oK zjol& HSith TOCS
A BIZEPAl Aol A, Aol FEA el 7P E=
UERGTE SS B4 7.6-21.8 mg /101l om, 9 Al
2.1-16.7 mg/LEA tAx 2tol7} QISIth BIZ-5-A] @A
M 8571 7.6 mg /Lol 7494 14.6 mg/LZ 28] A% Z
7htgion, shpAlelae 3u) A e BEe vehgl
o 7F AR oA HEE T-NS H74-9-4] 19.5-32.67 mg/L
011, 79 Alelli= 0.63-22.28 mg/LEA A=At & A}
oS Btk 53] 7HAlMY] T-N ske HIZ-Ae
21.96 mg/Lo|3 o1t Aol 0.63 mg/LEA] |9~ S
ST T-PE] B, 7H-AE Algletare ulAd¢-A 0.73-
0.89 mg/Loll o, 7¢ A= 0.79-1.04 mg/LEA B4
frAke 72 FEE Holth POPE 7H-AE A9t
7t AA ol thake] uI7d$-Al 0.61-0.75 mg/L, 7 Al
0.61-0.64 mg/LZA] %] 2po]7} A9 §iith NH,-N&=
H7-$-A] 1.47-6.41 mg/LoIQlaL ¢ Alef= 0.47-4.61 mg/L
ZA AgeAui 0] & 2lolE UerfSitt ke Ao}
H WS W 7FA12 NHeNS 32 71 S Ul
AgAeit NO-NE S45ls o, BlA-9-Ae 0.34-4.22
mg/L32H, 79 Al 0.23-0.72 mg/LEA Atket FE]
Aols Bl 53], vl 2419 NOs-N9 §%7t
HIZEFAl 4.22 mg/L3lout 2+ Aleli= 0.53 mg/LE 8l
A& A2ESl Bl vlsto] ¢ Al e Ft
A AL 7HA 19 A, AA abeel 9ol 7o) A
SHA Q2 AEellM 5T HES] FdE ZloR AbReh

Reservoir Drainage area Irrigation area Total storage Effective storage Height Length Width
(ha) (ha) (Hm) (dm) (m) (m) (m)
Gagugi 107 13.7 13.7 13.4 6.0 127 3.0
Neupgokgi 55 10.0 18.0 17.4 42 85.0 3.0
Danggokgi 11 14.2 11.8 11.6 5.7 86.0 3.0
Sagokiji 32 10.4 21.6 21.0 4.8 91.0 3.0
Hangokiji 46 14.6 33.1 32.2 5.0 105 3.0
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Table 2. Analysis of water quality by reservoir when no rainfall (May 22nd, 2022)

Reservoir  pH EC TOC SS T-N T-P PO4-P NH,-N NOs-N
(uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Gagugi 7.6 449 7.35 11.2 21.96 0.74 0.61 1.47 2.70
Neupgokgi 7.1 258 7.42 15.7 22.44 0.89 0.66 3.18 0.34
Danggokgi 7.4 307 6.03 7.60 19.50 0.93 0.75 6.41 4.22
Sagokiji 72 402 5.38 174 26.04 0.73 0.62 5.42 0.47
Hangokji 7.0 359 8.25 21.8 32.67 0.85 0.61 2.74 0.27
Table 3. Analysis of water quality by reservoir when rainfall (June 6th, 2022)
Reservoir  pH EC TOC SS T-N T-P POsP NH:-N NOs-N
(uS) (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)  (mg/L)
Gagugi 79 339 6.84 2.1 0.63 0.02 0.02 0.47 0.71
Neupgokgi 7.9 304 8.75 9.8 21.16 0.79 0.63 1.54 0.72
Danggokgi 7.1 400 11.77 146 20.32 1.04 0.64 2.46 0.53
Sagokiji 7.1 439 6.48 16.7 22.28 0.82 0.62 4.61 0.23
Hangokji 7.1 430 8.22 8.4 17.08 0.86 0.61 3.47 0.25
QEEAlel g vl 202130l 7= ofv] HigE Al AL o] B AT 715591 3, 6, 8, 3 ppmETE
Wb 20% SRS, pHE thHel 457 29E U E 9 £ S Uehia Qo 2 457 % o] )
el $ B S fAsk it

WO R SIFRRE Aoy 4z 2459 ol
UEs AT 5 90leH, BCE 250 uS/cm odolwA
450 uS/em ©J3kA HHlsh 2 wiEEe] eqidlo
=] A7 25o] Sl AdHls ohlth 5t A5
Awpeh SSTe AA| #A] ekskek

9o AL 5SS FRHoR 1 B
A&} ZF-A19) ZF Gl tiel] A%
A gfot, kel A AFA|ollA A }?‘%%011 %H o177t
A ow HAR 4 Gl 99 o
al.[2]9] Azl oJshd, ol AL Aol Xl%OHAH At
g1 A wske] FolE A uf o3 W e 4 %
AL ol HAke] 9ls ARA R qrgslylE ofHal
5 AYaL vkl MEskaith2]. 20219 ¢l HaEst e
£ wiE 88715l Jabd A, 7, A, 5
A9 FANT-N) 5 717} 40 ppm ©l5te]a, F
QUT-P)<] Aol 4, 8 8, 8 ppm ©J3ks UERAL o5
AR, & AFelA diFe] ofF HAPE dolwtd AA|e]
FARY FEE AU vl veAg A ALY F
SRS #4067 ppmeolil Fu) 32.67 ppmo] 3Tt o1&
rF R AL 4 AEAA G wE 29§88
Che H]5 ot w2 $415 welt slejgts ArjdoR &
< FEE AL gtk e & QUG ofohes Wit
T Aol v e A 91 Fe ‘?M 0.01-
1.04 ppme UERo] MlE L7 FRR= vl e FAE
eI ey 7h A ket ARk el Fe kﬁu %fﬂ
(0.02-0.03 mg/L) Bt} Pe &7} Bla] 7] wie] =%
7b AE o A)7h Erka whdEnh 24 AR Y] SR
(TS9) 9] sk vk 494 7.60-21.8 ppmS LHER]

=
J?_
_l

ol

=

X==X| L DO 3t

2022 49 2ol 7 A5A 9] %53 vhe 50 DO 57
k& Table 40l YRSt DO 49141 AFA U=
F7F fridEls Fatelld AAjalglon], R34 RO
8] 30 em A, BRE S Zle] 2.m ol = A3
e Sl S48l 7HAE #£5 DO7F 5.3 ppm©|3)
L, vbe S 2.1 ppm 0.2 UERtTE 7R o) peE

o)} - vAHER o] Fo 4 9Igl, el SHEEL
A ket A, YA, AR, B0 9]

=9 DO 3.7-4.9 ppm OE Tha =2 Zlof u]sle] niet &
& ERAW 07 ppmolOr] LA A nfek 8
ppmO.E FALE BEISICL ClSAE et Sof Womuc)3t
Qﬂﬂ‘:o] 7‘07&301 9l= Ao Jﬂrﬂgoﬁ;} oF2x)= n}
S Foll tigke] S0k R3] 00t sl F9| DO
0 ppm 24 37k vie 59 DOE ®ol5+ dds 244
Hog 87 e Zo® Rt
Yo olFe] AEd) /M 2 JFE 7AE DO ¥
SE 50l sk 471840 o 42 % EPaE
S 5o ofe] 7 BAHQL 220 23 axgsan}. DO7}
2 mg/L vRk A Yeh s @42 2 o7t Al
e, A AL ol B ol 2771 A9 o &
ol B84 Eare] EAdnk el Yokl LA
2, B AT AGAelA 2 goi) o Al 4
& 27) A% 73 o) AGA) AR AN HiEshe ER
Hu)g) EAZ < AGA ol £718249) o] FHER
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Table 4. Comparison of dissolved oxygen in surface layer and bottom layer of reservoir during rainfall (April 2022)

Gagugi Neupgokgi Danggokgi Sagokiji Hangokji
DO (ppm) 5.3 3.7 3.9 4.8 49
Surface layer
Tem. (°C) 12.5 11.1 11.7 11.5 12.9
DO (ppm) 2.1 0.7 0.0 0.0 0.0
Bottom layer
Tem. (°C) 12.2 11.7 11.4 11.2 12.7
Mishra et al.[8]] 23} QlHfote]l Sli= EH-aligtellr e & ATk o9} 2 Ay AAl edE NEe] 7] Folls
1719 i Hiake] 9gle Add] =2 AA4(61.4 x 10° M) o] 320 93| o7} HAK L9 DO7} wo)=| %] okok
9 2l6.2 x 10° M)9] FFOZ Qe 79| I §EAke o, £ BF] WFL AT B 292l daiA 234
o $Eow Qs wAEsEh wasksiris] {4 el DO} 0 pprb) skl vhet 2 Pk )
9 e Wtk 2SSl AA] ] 299l
22 M| Reme] Dog Col wa} o TR A3 A1 2 eAAe AEREN ) felow
4 EH) 22§, 307 0 2022 49 139 WHPE ARSI
149 oRI71 A1 $5 §91%0l DOSHEC AFSAVIE  71EE | SEY SEMA Ha)
dAlslel 1547 Bek AARE MBS SHSAKFig. 3. 1 HEVE A5 29iqel A 2 delow A
=78 271l 7k 241 lglont a7k A gl el off w, <o) ehas i Alate] & HASE VIS EhlE
A S0] A4SLOM, el 1 AUST W ok Aslel Yish Ak SRl 7R Sl 0 3
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Fig. 3. Change in dissolved oxygen and electrical conductivity at an inlet of Sagokji during rainfall (2022. 4. 13~14).
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Fig. 4. Change in (a) dissolved oxygen and (b) electrical conductivity with time by livestock compost concentration.
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