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Abstract

Water quality has been considered to be one of sanitation standard operating procedures (SSOP) for
hazard analysis critical control points (HACCP) application in aquaculture farms. This study was conducted
to evaluate a hazard caused by water used in aquaculture farm of rainbow trout. The water quality was
analyzed to investigate both physiochemical and bacteriological level in water samples collected from
aquaculture farm of rainbow trout, Oncorhynchus mykiss. No significant difference were observed on water
temperature and pH from season to season. However, the levels of dissolved oxygen were decreased as the
outside temperature was increased, even if the levels were adequate for aquaculture. Also, other
physiochemical analysis including biochemical oxygen demand (BOD), chemical oxygen demand (COD) and
suspended solid (SS) revealed that the waters for aquaculture analyzed in this study was suitable for
rainbow trout aquaculture. The bacterial analyses were also revealed that the waters for aquaculture were
met to both coliform group (<18 MPN/100mL) and viable cell count (<100 CFU/mL). However, some of
waste waters from aquaculture farms showed higher levels of BOD and COD than those of waste water
standard (<2 ppm), suggesting that regular cleaning of fish tank and precipitation tank is needed.
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<Table 1> Out line of aquaculture farms

Type ofwv;/?;rert :Ii)lllrce and Fish tank area(m?) Pz?glrlll)ct prec1£;tez;t(1glrzl) tank No.tarl?ter
Al SW(F) 341 10 195 4
A2 RW (F) 10,140 200 1,352 37
A3 SW(R) 1,400 50 280 10
A4 SW(R) 3,990 150 500 9
A5 RW(R) 2,364 50 452 2
A6 SW(F) 2,318 80 234 12
A7 RW(F) 2,300 80 495 16
A8 RW(F) 1,374 60-70 329 14
A9 RW(F) 3,397 45 361 35
Al0 RW(F) 2,667 30-50 270 19
All RW(F) 2,985 80 602 24
Al2 SW(R) 1,620 40 330 22
Al3 SW(F) 1,750 20 350 19
Al4 SW(F) 1,056 17 264
Al5 SW(F) 375 10 3
Al6 SW(F) 1,699 20 212 10
Al7 SW(F) 485 10 29
Al8 SW(R) 619 15 200
Al9 SW(R) 580.9 15 120
A20 RW(F) 12,433 100 4,000 38
A21 SW(R) 4,500 90 1000 18
A22 SW(F) 3,283 200 548 40

SW: Spring water,

RW: River water, F: Water flow type,

R: Water recycle type

Z & Lauryl Tryptose Broth (Difco, USA)E, U
FE o9 B OgR B wARE
Brilliant Green Lactose Bile Broth (BGLB, Difco,
USA)SF EC HlA] (Difco, USA)S Z}2} A3l
o g 9 ERAg TS 10 md #H e
(most probable number, MPN)Z 3 A|3}1 T}

m. Z 2t

SAA AFSE L Q= Folo o]3Ez u
Z

A=A A4S 14, 44, 8ol AAEITh

5|

Folt BEAQ YA JFOE olFY 54
A AR ERE QAR 2 AAT 5 ojol
sha Aol Fepel shuslolol k. webd &

oiO]:Alxl—Oi %1]—’} A ]_E_ %O

Aol wle- T3 QAR $o]9 AP42(Kim
et al., 1978 ) 2. & 10T ~ 201
AR B ovH
E3] 25 AFo] i
At Hit YT 167C, 161 TCTE 2
kol 7b flar, Ao Sl 87T, 11.5C
2 A 227F #A YEoH ol Fof
3] AYee nus u Askert 11.5C

~ 161CE 97| dTgo] AL Aow Ptk
A=

AHFFEU ] FAolE FEE pH 6.5 ~ 855
A oF gt {9l FaolR FhE st

A4 A% pH 69 ~ 7285 L}E}Lﬁii U% A8t

4E pH 65 ~ 695 UrEMOi 7% pHE YE
dom, FE79 Aol shkds Bl Akl



ZddF .ol - HBH
A pH 70 oP3oR MEND 9SS ¢ S 99 ShE 2w Yok webd ¥ ATe) <Table
om, ol B4 ABES 71E pH 65 ~ 857 2> A mEw SAs, Ags wF 0
Wt e W 7S BEstn gl &0 SHe ekl gk
o] S 9F A AL FEE 10 ~ i, 7 el AHEE 8¢ BOD ¥
11 ppmo] FAE 93] AFah ABAw A5 coDE AFAe] GFL WA 5 9ol Bel)
S 58 453 Aol HYHE §EAAFEL stk WESel U@ Bel: FABRRAY
SolA T Qloth 5 ppm oo Gk A ol mel FAE FAAAE o Ul g
S2 A3 oz ddkEnh AT o5H s00m’ ool Agsta Stk ol FaAgellA
et T Feor &3 voA= A HlEHe 1¥Edo]l AR fYHE #7184
S §EALE s ppm OVIOE AN 9 & TAAIL Pggstel felo] Ho] Fau}
A= 29 ¥ FE =9a Adl 78 UEE sk &84S A7 B eddoR
Fol ARF §EALT AAHES Solof & & §48 AR oRY YAREOR AF )
ok fFEFY A, sHF VIEeR T oSl A& $Co% BODSE COD, SSE A TIEE A
559 50 mgl oo WEHI glo] SHF I Atk A5 PN FEA K B0l
of gt §&AtA] JFE mmE Aew dd 3 Z2 A wE VIEAE #ds Ul +E
ot T =57t &, AT vWETT LdEdse
%A% &< BOD, COD, Ssell dfste] 7k oA FAF FU5T ed=dEel Ut A
Aotk ARGl d@ 40 NFow & % HEHES ST drh B ATelAE 3
A7 e shEhE akheTgEcopyd - FA9 7] BOD, CODEX=7F 2 ppmolstE &
FEAZHSS)S At Sk ole wEW  F7F FLRE ks 7P AT 7159l mAA
CoD, SS2¢ 71 &%+ 2 ppm ©]3}, 1 ppm ©] £ 7]<(The Korean Ministry of Environment,
<Table 2> Data of water quality
date in/out Water analysis
Tem pH DO COD BOD ss
(C) Q] (ppm) ("g/2) (me/2) ("g/2)
2008.1.10 inflow 12.3 6.79 7.43 0.56 0.9 0
outflow 10.2 6.9 10.47 1.2 1.1 0.0004
Al 2008.8.06 inflow 13.4 6.35 6.9 04 0.8 0
outflow 17.7 6.82 11.94 1.5 1.9 0.0026
2008.1.11 inflow 10.1 74 11.83 0.22 1 0.001
" outflow 7.9 7.38 10.53 1.14 1.9 0.0034
2008.9.05 inflow 16.7 7.06 10.25 1.36 2.63 0.0089
outflow 16.8 7.01 8.88 1.59 2.96 0.0069
2008.1.10 inflow 10.3 7.51 10.17 0.24 0.7 0
A3 outflow 10.3 7.37 10.73 1.88 1.5 0.0082
2008.8.06 inflow 15.4 6.17 9.37 0.3 0.7 0
outflow 18.3 6.53 9.87 24 2.7 0.0074
2008.1.10 inflow 13.2 7.35 8.1 1.32 0.6 0.001
Ad outflow 11.1 7.36 10.73 1.68 1.8 0.0034
2008.8.06 inflow 15 6.06 8.53 2 0.5 0.0002
outflow 19.2 6.72 9.6 2.9 2.3 0.0084
2008.1.11 inflow 10.5 6.8 10.95 2.14 0.6 0
A5 outflow 9.1 6.75 9.02 2.98 1.7 0.0004
2008.8.06 inflow 14.3 6.5 11 0.6 0.5 0.0032
outflow 15.5 6.75 8.87 1.8 2.2 0.0078
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SojrAztel sies malE Slgt 41 Duez
2008.1.11 inflow 10.3 7.43 933 0.22 12 0
6 outflow 8 737 10.75 1.62 19 0.0016
2008.8.06 inflow 3.6 6.66 9.78 03 1 0.0002
outllow 17.7 6.88 878 19 23 0.0024
2008.2.02 inflow 8.3 6.59 11.27 0.46 0.5 0.0004
A\ outflow 8.6 6.79 9.08 274 11 0
2008.8.06 inflow 16 6.6 10.79 0.6 0.4 0.0034
outflow 16.5 6.47 9.85 s 1 0.0056
2008.1.11 inflow 8.9 747 9.62 0.92 s 0.0028
s outflow 8.8 7.45 9.07 122 2 0.003
2008.8.06 inflow 17 6.75 10.36 0.9 0.4 0.0052
outflow 16.9 6.75 8.64 0.9 0.4 0.0102
2008.2.2 inflow 73 6.88 11.98 17 1.4 0
outflow 6.6 6.71 12.08 2.6 1.8 0.0006
A9 2008.8.6 inflow 16.3 7.29 10.02 0.3 11 0.0026
outflow 16.7 7.39 9.83 1 13 0.007
2008.2.1 inflow 6.1 7.99 1221 0.48 17 0
outflow 23 7.91 14.88 1.8 2.9 0.0066
Al0 2008.8.6 inflow 18.5 6.95 10 0.4 03 0.0006
outflow 20.5 7.18 7.8 s 14 0.003
2008.2.1 inflow 10.2 7.79 17.42 02 0.9 0
outflow 47 773 11.69 22 24 0.0022
All 20088.6 inflow 145 7.53 106 0.9 03 0.0004
outflow 16.8 773 6.85 17 11 0.0038
2008.2.04 inflow 10.9 7.05 7.65 0.98 0.96 0.0004
Al outflow 93 6.66 7.59 618 385 0.004
2008.7.29 inflow 19.5 638 8.76 21 0.4 0
outflow 232 7.54 77 5.1 3.1 0.002
2008.2.04 inflow 2 6.56 8.03 0.34 0.48 0.0022
L3 outflow 2.5 7.08 634 416 253 0.0058
2008.7.29 inflow 17.2 6.54 835 14 0.6 0.0002
outflow 219 7.62 8.26 4 2.1 0.0032
2008.7.29 inflow 16.6 634 7.44 0.7 0.12 0
outflow 2.5 7.26 74 2.9 1.73 0.004
2009.1.6 inflow 2.4 6.47 10.95 036 1.75 0
Ald outflow 13.1 7.43 9.14 1.04 234 0.0012
2009.4.9 inflow 157 6.42 9.96 0.94 152 0.0008
outflow 17.1 7.81 9.42 238 2.65 0.002
2008.7.29 inflow 17 6.9 88 141 0.22 0.0004
outflow 242 722 8.09 3.04 171 0.0046
2009.1.6 inflow 115 538 11.86 0.85 15 0.0004
AlS outflow 11.4 7.44 1138 152 248 0.0064
2009.4.9 inflow 16.5 725 9.59 1.06 182 0.001
outflow 19 7.66 9.87 3.4 274 0.0046
2008.7.29 inflow 203 6.56 845 0.34 149 0
outflow 202 7.13 821 152 3.68 0.001
2009.1.6 inflow 11.8 67 10.97 0.06 1.91 0.0004
Al6 outflow 13 7.19 9.65 2.39 3.85 0.0064
2009.4.10 inflow 1.8 6.7 11.22 0.54 1.67 0.0004
outflow 1.8 7 2.1 27 2.89 0.0012
2008.8.12 inflow 17.8 6.75 8.5 0.36 1.97 0
outflow 18.1 6.3 9.12 1.92 331 0.0006
2009.1.6 inflow 115 7.8 11.01 0.68 1.99 0
Al7 outflow 9.7 771 10.77 371 2.94 0.0026
2009.4.9 inflow 12.3 73 11.03 0.54 168 0.0006
outflow 14.6 775 9.7 426 3.27 0.0012
2008.7.29 inflow 153 635 9.09 102 051 0
outflow 21 7.16 823 2.9 3.02 0.0068
2009.1.6 inflow 2.6 6.54 95 0.87 14 0
Al8 outflow 12 711 822 3.65 3.58 0.0008
2009.4.9 inflow 14.9 6.4 9.49 0.98 122 0.0002
outflow 16 72 11.32 3.9 2.84 0.0026
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2008.7.29 inflow 16 6.18 7.3 1.31 0.41 0
outflow 21.6 7.01 6.45 3.7 2.55 0.004
Al 2009.1.6 inflow 12 6.46 8.75 1.18 1.87 0.0004
9 outflow 10.1 7.18 8.44 4.04 3.75 0.0056
2009.4.9 inflow 16.5 6.37 7.94 1.87 1.69 0.0008
outflow 15.2 7.3 7.84 3.37 2.83 0.0014
2008.8.6 inflow 20.6 6.92 9.37 1 0.98 0
outflow 22.2 7.02 9.58 2.1 2.2 0.0022
A20 2009.1.20 inflow 7.3 6.68 11.66 1.27 2.03 0.0006
outflow 7.2 7.26 10.65 2.06 2.74 0.0009
2009.4.10 inflow 12 7.16 11.72 0.92 1.83 0.0004
outflow 12.1 7.52 11.98 1.76 2.76 0.0016
2008.8.6 inflow 15 6.41 8.01 0.9 0.11 0.0004
outflow 19.8 6.64 8.13 3.9 1.7 0.0014
A2l 2009.1.20 inflow 9.6 6.37 8.15 0.41 1.63 0.0014
outflow 9.5 6.67 7.54 4.44 3.65 0.0022
2009.4.10 inflow 13.1 6.43 8.24 0.86 0.93 0.0002
outflow 14.8 6.87 7.78 2.38 2.07 0.0013
2008.8.6 inflow 13.7 6.42 10.74 1.01 1.1 0.0006
outflow 16.3 6.92 9.37 1.4 1.66 0.0022
A2 2009.1.20 inflow 10.7 7.79 10.96 0.31 1.7 0.0004
outflow 9.2 7.91 9.05 1.91 2.04 0.0008
2009.4.9 inflow 12.7 6.61 12.04 0.2 1.76 0.0004
outflow 14.4 6.55 10.84 1.04 2.85 0.0012
2003) 0.2 itk olul =57t FEE et oAl Folo] ARS 9 A Fojo Ak
Ask A &4 FRAeRE re] 12 Z UAs RS 7N A Utk Fojke digt
HES AT SHFE o] 3 FA83Y) £59Y FAVES AL EE e A
I SAFEZA1) FS 100% S o FEAT|FAA E5 ol TS VIEoR )
L, AskEE o]43 F424(73)9 cobe 1€ Stk olu] FulAet 500 MPN/100meo]3f, &
43%, 49 75%, 79 29%% HERAS o BoODS A tiFtat 100 MPN/100mé ©]ShE Tf A ekl
A9 1837 790 14%7} 2 ppmES Z2Hste] wlE Stk ol digk #AAN}E AEH; <Table 3>
s Ao® UehWTh TS Xk o] g9 & G <Table 4>o UERLh AskrE FHUo
AP*&N(@)Q Aol 12 67%, 42 33%, 8 = 3 FAFelA 192 AE, 545 g
4 67%Z CODE Z¥3h= L& BODE #o] £ FE <2 ~ 11/100mo] et §d42] EHA o
Wsto] wjEskE A Oo® UERsTE COD, BODS] At <2 ~ 2/100me ©o]lem, SRS T4
&4 20 SR A5 o] 48 4 9] AFIFORE Wl £ THOE A
FoA = 28-S YeER L Sl THEHIL YeS & F AUtk 8€] Aol
sse] Aoles 57 dEEEE P 94 45 tAdETE <2 ~ 13 MPN/100meo] 3o,
b A 7121 3 ppm ©JFtE AASIS W, = FYFY WA 8T <2 ~ 11 MPN/100me
S7F FEE A wujgk FEoR wiEHel & otk o] 4 AE7]|F(The Korean
A 71 100% 23 QA ekt Ministry of Environment, 2013)2.Z wj-$ F3¢
S8 Tl FAFe FEHL ASS & F
2. OM25IN 2A ATk §E50 Ao o] ARsE 89
=} © PNEFe] E2omt Axm T 9)
AR ARG Sol B g n o e s BEClEe gHenk duHa A
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- Q) 31 O0Z=2-0] Him F O 231
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<Table 3> The bacterial analyses on spring water

January August
Aquaculture | . . fecal viable cell . . viable cell
in/out coliform group . coliform group fecal coliform
farm No. coliform count count
(MPN/100m2) (MPN/100me) (CFU/mE) (MPN/100m2) (MPN/100me) (CFU/mE)
Al inflow 6 2 <30 < < <30
outflow 9 < 2.7x102 130 2 6.2x102
A3 inflow 2 <30 < < <30
outflow 6 2 4.7x102 2,400 < 2.4x103
A4 inflow <« < 2.1x102 < < <30
outflow 6 2 6.6x102 172 11 6.7%104
A6 inflow <« < <30 11 7 <30
outflow <« < 35 33 8 33
Al2 inflow 2 < <30 2 < <30
outflow 40 < 4.9%103 92,000 1,720 6.1x103
Al3 inflow <« < <30 2 < <30
outflow 172 < 2.0x103 2,400 2 2.1x104
Al4 inflow <« < <30 <2 < 30
outflow 221 < 4.8%102 110 45 5.6x103
AlS inflow <« < <30 < < <30
outflow 79 < 3.5x102 110 13 1.4x104
A6 inflow 11 < 24 7 < <30
outflow 221 2 1.8x104 5,400 14 1.1x104
Al7 inflow 5 < <30 13 2 1.1x102
outflow 13 < 1.3x102 220 2 1.1x103
Al8 inflow <« < <30 13 < <30
outflow 348 5 8.9x102 1,110 46 9.6%104
Al9 inflow < < <30 < < <30
outflow 70 < 9.1x102 220 11 2.0x103
A21 inflow < < <30 8 < <30
outflow 4 < <30 70 < 2.9x103
A22 inflow <« < <30 170 130 95
outflow 2 <2 <30 350 220 7.6x102
Agletal B F5 ol sue HERa gl olglon, 40 AEVIFe R IS ASsta
o AEE FUFE BT PO g o ) RO PP THAD ASE
At 120 24 ~ 2.1x104 CFUMK, 8€ell= & = Utk 8€9 Afole A2 g+
<30 ~ 1.1x102 CFU/ME YERgTh ARbA Ab8 = <49 ~ 490 MPN/100m¢ ©]lom, 9149 &
Ha dE F959 A9 A 102 CFuml WA iR E <2 ~ 79 MPN/100me ©] 31t} 9]
olstel Ae 7T, A4 FAFAA Thh B & 529 AWNFEOR L SHY Felol ¥
Agol Atk fEFel ddt ARFE 19 <30 A%l FFHL AST ¢ & Ak FHEFe
~ 1.8x104 CFU/ml, 8ol 33 ~ 9.6x104 CFU/mL 4%, &0] 2453 88 a2 HEols)
2 YUeth &5 £ 102 CFum oS 9 53o2% HAEFH eS¢ & don,
z Aol oz MeAE Aow dedth  opRe #F FoldE BAT £5 5F 9o
TS FHoR I oM 199 A,  HFY TFol 13eA vERa 9tk dE f
T4 T TE <2 ~ 33 MPN/100meo] ity E57] ERA tidete 35S ALt BF F
FUFe] WA iRt TE <2 ~ 17 MPN/I00me & ©)79] TS YERlI Stk skl st
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<Table 4> The bacterial analyses on river water
January August
Aquacultur . .
€ in/out coliform group fecal coliform viable cell coliform group fecal coliform viable cell
count count
farm No.
(MPN/100me) (MPN/100m¢) (CFU/me) (MPN/100m£) (MPN/100m£) (CFU/me)
A2 inflow 14 8 <30 490 33 1.7x103
outflow 33 23 <30 1,300 70 7.2x103
A5 inflow 2 <2 3.8x102 141 79 5.7x102
outflow <2 <2 6.0x102 700 348 6.8x102
A7 inflow 33 17 90 240 79 1.9x102
outflow 240 23 2.1x102 348 130 2.3x102
A8 inflow <2 <2 <30 109 33 5.1x102
outflow <2 <2 1.4x103 348 79 1.2x103
A9 inflow <2 <2 45 141 49 50
outflow 6 <2 54 348 240 93
Al10 inflow 33 <2 94 240 5 4.6x102
outflow 130 2 3.0x102 240 11 2.5%103
All inflow <2 <2 <30 49 13 57
outflow 33 <2 2.0x102 5,420 23 3.0x105
A20 inflow 8 8 <30 330 <2 5.4x102
outflow 1,300 330 <30 350 <2 2.2x103
Adro] A9, 190 <30 ~ 3.8x102 CFU/mL, 8 % oz et wehbr AP oidx]el 9
o= <50 ~ 1.7x103 CFU/ME YEFSTh 1€e a7 gt flsld a4l 4 digt 7}
£ FY7F 102 CFuml olstolut 8ol 102 & AAS Axes o537 Eoh
CFUMme ©]4e] &g Holal itk o] Al7]el& A8k, sh g B Aldel dAgle]l A
ARt 9 #Elrt Bed o7 AN & fAEL £ ALY Afd® S
th fEFel digt A 1€ <30 ~ At Sppme FASEL UOH, pHE 6.5 ~ 8.5
1.4x103 CFU/mM(, 8€oll:= <50 ~ 3.0x105 CFU/M{ & fA3kaL 3lo] =4 7o) 4gst 2107 1}
2 Uehgth &5 52 102 CFU/me) ez Elgtth
stdolu ZFo 2 WA= A o® UERRTE shbH, BOD, COD, SS& g 7222 &5
T oS fAskA Aew 2APIRE b
OFA ZF|A] AlLT= 2=z B = Ao
IV. %E I;Lcl E—O—I 0—1001]1 ]'0511-_ T= T'_‘}ﬂ]_ %iw_ /\?E
vebstth o, fE50 B9 CoDelA wiES
SolgAe] ARrgst ) sheld g4 ol FAR ZIEeld 2aE defdhal gle
o A2 TolSo] FAZow Sgpuye]  COD, BODO WiEs X3t shlsRT At
AFSE T Q= 504 A\ AEF 2RE 9o B o8 AN w2 29SS yehla
Fur} olel e Aol B SAEA g3 ATh
sl= e xAow A|AEOR ARSElIL skt Aetrel 28 el e fYrY
ot AFSE5E A3 AREolelAur ol TALS MR e S we wton,
Amrb e A, "9h 9 dlge] olzrzy BT ARVITOE v F5o THOE ARl
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