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Exploratory Research : Home Aquaponics of Tropical Fish Using loT
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Abstract

The aim of this study is to explores the possibility of applying new aquaponics using guppies, a
tropical fish breeding as companion fish at home, different from the aquaponics system using fish
species such as loach, carp, and catfish for commercial purposes. To facilitate the application of
Aquaponics at home, a system was established by connecting a water tank, water plants, hydroponic
pots, plant growth LEDs, and Arduino sensors using Internet of Things(loT) technology. As a hydroponic
crops, lettuce that can be easily obtained and consumed at home was selected. In order to confirm
the applicability of aquaponics using tropical fish, the growth rates of hydroponic crops in the same
environment were compared as a control. The growth rate of aguaponics crops using tropical fish was
about 77.4% of that of hydroponic crops. This will produce the same effect as hydroponic cultivation
if conditions correspond with enough fish quantity to feed plant and appropriate pH control for growth
are met. It can be seen that, and in the future, it can be used to develop an Agquaphonics standard
system applicable at home.

B keyword : | Aquaponics | loT | Data Analysis | Smart-Farm | Hydroponic |

HAURt 202014 128 17Y AARRY : 20211 018 1Y
SHUXL 0 20219 01 1Y WAXK : 3HE2, e-mail : dongwook.han@gmail.com



loTE

225t 71 TOH0| OIFOLTLA Bet B 17 425

o}, QIZko] ARSI Q= AT B 50% 5 70%7t 5
Al AFEE L Ut vl=r ER2E 2 Al 51 T
NE sl AHERT A= A2 vio] hA vittE
SEXA g=tHl] HE AT o UEEE WE, H=
oA 1e+= opiiEdA 5 QI7to] whEolll= 247t
29] 24%7} 59 BT AYPLE QI ZolH2]. H]
i at Ao ¢ 28 ol S7HAIA At vt
FAE AR 5 Hofl AL 3 =2 A
&5t glom W2 RAVIAE HiEsly BES 09
AlZ1a Slck. 2Ev /IE7R S5 AFH SR o
3 214171 olHell =AIH 5d HEE AY 2HI= =
of gl= A7golch

TUHA FYholl AMEE= 849 2 20169 A7F
152802 AA A ol-&72] 40.8%°1 sigaict.
202087H] 7HEe] e FdE8= At 1.75~3.86
o E HEZ A= d&sttH3). UN A=Fsd71+
(FAO, Food and Agriculture Organization of the
UN)olAM = 718814 9] o4 Bigl2 F7] L¥o] 47
A= Aol AL SAE ool shle
H, &, 50| R gl= obFotayAof gt XX
AE 201499l S HH4I5]. MEHEs 52 5
APH = A4S 2= A4 295 XAst
Y 4 7tttk Fa 71 AL wiRo 244k
/35t AlAYAq7& Ao R Eoksiint v
= 20159 o] 712374 olF, A& ket v
F S BERE 203097 538 Y WS
FAAR 7t 4’2 AUt #ul8olA T A
Ho]A| X3 HAl o & Qls) $Hgo] ma =1 BE o
go] Zashe AS A &5kl o|et 2 AAHEAE ol
As7] e, HiEEs MddS glof HEY 59
AHEE FAaskelal A& Ao E, AF 5 #71% Hl
2E AMESla HY AAE-E diske <% 59

(Circular Agriculture)& A3t JTH6).

2 32

¢

T

o My > [ o r]F o

ok

o2

2. A7 =X

ool U AL E117|9 AES T 47 g5}
= WAoR Fa17] FA oA WAske Aes
718 A8l FF0HH, 480 ol& YRR
goliA 4 Aot ZE Aol Aol oFoiA]
=3 AlA"oln) HmS} 5oo] AMEA] gl

A= Aol AY gle WAEAR] w0l & &
H|gFo] AvksAro] 10%0 E3toict.

59T A4AF AHAEE71&(CT, Cloud, Big data,
Mobile), 25, AFERJIEU(0T), AFASAD T 71&
= YT AFER #AZ ANEE FRY 7,
714, gl EdstA olFof AL SItH7]. =24
I 22 AlEA e v dskeAcA 2HEAAM S,
et 25 5 Auied dAA o], kA4 £
=t BX EYHY A3 5o EY Auiet 74
Aeel] Tt Aot sk TR o] FoiR 1L gl
1 =59 Aya Ay 4 &3E 7HA e Qi
T2y ofFtotx Y A sHof gk =2 104 o|yio]
w R&D AEE 24, ¥ A+E APk 7
2 A7EsdrIedioltt. dE ofFZ wlHtetH],
Qgol, W], AN, 8012 thEE Filo] foltt.
[oTE 83t A+ 270l 142 £20) &0] A=
AlZtel gt fAtolal, e dAe 380lE 458
Aty AARES L85t A7 57N
o= 52N, 7] oFo8 A5 Ady, HE
£ Adsto] $2, pH, EC, DO, BOD 5% &7%51%
I FEARE) fB] A= 55~75%9] BS2 BTk
SHATHSI9L. sfeloll= ootz Y Ao gt =Fat A
Ho| tjofetal 78 AlFE Tl ATH10](11].

AUERL W2 oA AFE L QIR ofFtotE
Yo Bt At SUSHA] Gt tFst ofsat &+
Eol {3t ofFolxY A A7t Qs [oT 7|&S
-85t AlA" IR HEst glolelE -4 51o]
BE] gt Ayt /st B dAFolAE At
I ofFlolE YA AARE St gfjo] & 7 B
o] ARgEE 1HE AFolE Y, AFE AFE FE
2 sto] A et vl Attt ofFtolay A
gt T E Aol oT7 &S F8st] o] &8 7t
573 gk A5 XYtk

in

of &
4

%

&

il

o

[©)



426 S=EEEIREE=2X] 21 Vol. 21 No. 4

Il. O|2H HiZ

1. =ZRHel

A AR FAZ ThA] ARESHA] A 17
She Hleghd] AT wigdE AAESke <84 7
Aoz FRdt FA9 Hee 5= @Y, Aske 2
HY BHRAE Lot vEd=s A
95%7F <84 FRAEE Estal, QR 57
AEiel 45% olde] «&4 FPAME =UsHA
(12]. 23y =i 571e] Hii22 vl S3AE
AEstal a1, 32 w4 3 A= Y 240
U 25718e SAHCR AESIL oA I HEdES
5%C1 HFETH13). =4S sty fsie <24 5
A g9 =4te} 7ol Hasitt

2. OIFOfRELA

B8 P o sk HAEE, AlE s
5ol YERARUALL -2 dh|2]olo] o5 Hofx
o] &tyo}, ofdAid o g HMEETH14]. o] ARSE
HIE H|e2 viEstH QI obH Q] ofFollA fofigt 3
T 7|An. ootz Y A(Aquaponics)= B ¥
2l(Aquaculture)™} 73 A(Hydroponics)2] $H4d0]
2 ASE ZE Aol o]&ste] A8o] FRer A
4 5= Foka, oad RS &2 A RE E
o7b= WH4lolt}. £l FHE FFotar FE9
L7t HolA A 71E FAL w2 2L FAS A
& ZFoliFoF sk §Ho], ofFfolz Y A= HEE &
goto] ARG ] wiZe] FEAE FAstetal, H]
B YT ARRER Yot HgEHoln A|&7FETt
sHolth. 3 & AHFe] dvksrdol 1089 19
Edslth= Aol 3lof Eol HET |, 55 =71

oM A o=l Tt

3. BAOMY

2018 W EH A WE2H Y ES 71Ex
7 A 1,700 F 25.1%2 AR5k 471
Z 177} RS ES 7128 AoE Ytk d4
£ ARSSHA] AT, ZhA] A FHo] ok g@H
2 39.2%= UERET ¢S 39 BEEES 197 A

N

75.3%% 7P WAL, gl 31.1%, 5501 EHio]
= 10.8%, fAE 2.8% woltH15].

20179 ol AASAd AlAIE w=d 20149
U o] AR FFEE 4,1009) YoE o] ofs
7t 71l w2t Aol FHiEal 9t 22kl A<t
HIUE A & FET27F thHetEE FAoI =
W o] tiFgo] =0l oEstaL e, +&dA
< o Zaskar leHiel

ol F20 wet o f7HA] A= o 480
Foll wsf 4 &2 TS AYL gler, Ax

< SHCE ABH 7-8% sk ok 22 33t
oA F717ekt =24, e o] At /lem ut
2oj2A] A wEo] wsader A4 Qg avt
7t Qlet. A5l wet g R 87 A5 0
2 SOl ot AdAS Aol 8 HHE
Al g o AFEE ALStaL ot FAjoiFa]
et R&DO] HIs] 527} 2

1. O}FOtEHA AJAH

ot BH, ofE], AEAAE LED, 7| EHA7,
4% 518, ezHnlo], opfoli, A4, YeEn
o ojpolEys AATE PASIGT,

=
[

2t=H2|m}o|

ozt 28§

DCHE 244

HO|Zeto|E

J2 1. OFFOIEHA AAH P



loTE &

Bt 7P CHo| OIROIELALY Rot EHME 7 427

Bhzol ARl A=l TFEA Fol AH=
(pH)7F ek, 4491 stol=2B@EE)S YL, 1
njEeto| E(FANE HolFa 3HEg 2 910 A4
Atk WU ofFotE Y A A AR|o)A] Bio-Filter
Qe A7) exole R wEolFe 24
HEAE 23l $5 §lE, 71EEY7], SHsa),
LED, AFgw0ol715 AAIstglct. Al el o2 g
shdolls A1 548748 LEDHHS 552 st 2ot
L, okt Aol ook, StxwEjuto], BI=
HE7F 9L, 7l BEo] 1A% itk ARRlE Hof
AgRct. DC HE I SAS Adsto] £29] &
o] shol TrEES sl9a SRt offl2 3k o]
st SOl EYEFEANG 2EAXNE B0k
o}.

N

. &0

==

o ¥ 2z A=8d =d

F2E A"E = EFo] IS Sl o Alo]
gstal 1) 109tElE Aottt +1 9 At
Sgol A &= 21~26C )1, pHE 6.0~8.4(2FAt
A~FAAR AR FA4(H 7.0) WYE Dz o
S Z(GH= 849 vtvlE, Z4F ol20] wol8le
Fo] FAE Yehie Aoz, Fh9 GHE
140-210ppme|t}. x9] £ tjo] Ae] A9
S F5 QS ofH £23R1 A= AE470]
433 g 7~8A7t $27) Qe SRE 4~6AI7HS
AR 18][19].

At AFSet Ak A5 Aok ol oSk
o} wolo] thear Eolo] 27 v Fof] Auf 3o
olFAZI(7HNE dFUTt. AERA] LED Fol
50503, 12V 5A, FAF<] ol Azt AA,
A 3:1 H&9] LEDE ARSIt

5= vl §7)do] F56ka, E7]94 e
= FY0] SEAAT gRilo] FfEo] FAHQ ¢t
Ao =2Z = Adolth. A7t dotstal 455}
A3t At Az E 15-20T0|x, $73A48 &7
A= 15-25Co |tk FRAPEL 1,500Lux, ZE3}H
2 25,000Lux°|t}. A5 A9 FHd2 70~80%7F &
o) o]FojXt}. AMELFS] Ati= pH6.5~7.00]H,
FAANR A Q] Fglet A= pH6.0 Welolt LED

o
:

S

L
ox

el
ko

A

s o

oH
rlo
me

o} Alg7te] 47 72l 5~10cm Welolt}, Qo)
nluE ARQ 24, ThIulg, U4, BA0le 59

& UEY= TDSY A3t 5%+ 560~840ppmO]
oH201.

Strongly Acid

A O M
oo r¥ oo

4.0 45 50 65 6.0 6.5 70 75 80 85 9.0 95 100
&X|: www.emporiumhydroponics.com

J3 2. pHO| M2 A=9| YR 71EY

oot 25 7127] 3t Jet YSFL 2
21-25T, pH6.0-7.5, A% 140-300ppm, 4l2] Al7]
+ 2,000-15,000luxdEolt}. ARSS Yof] Zofgl=
uld|2e] ool =AM A Rt 27| o
SRR JEEEE 22t pH ETF AR
pH W30 we} 742 o] A pHE T &=oHA]7] of
ol ¥R Hst & &7t B2l

¢tEYol= NH3(Ammonia)x= NH4+(Ammonium)
Hr} Z49o] oF 1008 73t efmyotoltt. Fmoprt
AE FHE A5 doixe 7HE & e o
o|2o] wotof git}. &, pH7F W A9 BEUSE
o @2 dEYop}t AdEES FHE EA5HA Heth
oFA7IE g EollAe Eol 4L fAl6] g =4
o] 29| QFr RE5LY| fio] o] Fejrt I
2 $A ek B3 gryoks pHEYE oYz} 4220
T UHe 9% Wt ofe] 18S By 420]
Jsgol wel 22 pHoME dRYor F=r7t 34
Zo] = A & 5 rH22l



428 F=ZE=ES=EX 21 Vol. 21 No. 4
ec ¢ Al =
12 14 16 18 20 22 24 26 28 30 32 34 =21 °r_='=' Eg E||0| E1(201 9.1 022)

6 00% 00% 00% 00% 00% 00% 04% 01% 01% 01% 0% 0.1%
62 00% 00% 00% 01% 01% 01% 01% 01% 01% 01% 01% 0.2% IHHH%"A_! %é Cé!_J'\_ ?II iE cl:lng(mm) E%(mm)
64 | 01% 01% 01% 01% 01% 01% 01% 02% 02% 02% 02% 03% A1-01 48.8 31.0
66 | 01% 01% 01% 01% 02% 02% 02% 02% 03% 03% 04% 04% A1-02 56.0 33.0
68 01% 02% 02% 02% 02% 02% 03% 03% 04% 04% 05% 0.7% A1-03 420 23.0
pH7 02% 03% 03% 03% 04% 05% 05% 20 8 A1-04 30.0 195
72 | 03% 04% 05% 05% 06% 1.6%) <l A1-05 85.0 487
74 05% 06% 07% 0.9%| 1.5% 17% 20% 24% 26%| A1 706 840 420
76 10% 12% 13% 16% 18% 21% 24% 27% 31% 37% 4.0% A1-07 93.0 422

78 14% 16% 18% 21% 24% 28% o 6.2%|
8 21% 25% 27% 33% 38% 57% 65% 88% 9.5% 2;_8? 2(2)2 ggg

82 33% 39% 45%] 51% 59% Y 7.7% 88%| 100% 11.3% 132% 14.3% - .
84 52% 60% 69% 7.9% 9.0%| 103% 11.7% 133% 150% 16.8% 195% 20.9%| A2702 960 42 0
886 B80% 9.1%| 105% 120% 136% 154% 174% 195% 218% 242% 27.7% 29.6% i;o{ilul, 9 A2_03 51 O 280
Safe when tolal ammonia is less than 5.0 mg/ and pH and Temperature are above tis line 0 }:_rlor A2-04 135 8.0
S0 whon lotal ammona s loss than 1.0 mg and o and Tomparatro ao sbove is ko _ N A2-05 67.0 43.0
—Safe when tolal ammonia is less than 0.5 mg/l and pH and Temperature are above this line Ex‘l : Rotifer Eﬁ— A2*06 92 4 41 0
J3 3. 2%, pHe} ¢DL|OF S5 A3-01 85.4 40.0
A3-02 32.0 36.0
Hx|of 8 A3-03 91.0 434
A3-04 95.0 44.5
= ]'-J—ak(D O) = _{!1\_0" l—'—TO]'gl"E ﬂ'-}l\-%]:ﬁ _/l\‘ A3-05 110.6 63.0
g0l Selghn wAxE 2o gedage TS — T —"
olRit) S&AATRO] HEo BlA9l AT AlA Hz 0t 5 ﬁ4_83 92_8 ggg
_ 4-04 51. .

(02)9] B=5 2=t ’\/\O]Q(Hﬂ—g] L A4-05 83.0 48.0
A4-06 58.0 35.0

ot gRYoks H+sh Ags drke] P 24
st AR 4aoleo] BEd)A e 4204 ¢
Huoe} fo] Aozt WA Hrk F, pHeF 27 2
271 EA4jo] 733t grjote] o] Wolx|ng okt
o] 54947t Z8siH23).

3. HOIE =&

3.1, THHHLAE =

ofotm Y 20} L3 Aol A okE o] Wotsto]
719 Fx|u} Ak 57, AX|u} Al 574E ZkzF AlAEk

Zk A AE R 4] 2F slo] 44, AF, AT,

A4S 79 Aoz 53], Hyoj A Al HUAE
2 ZH3Ioint. AR IENSE XAt 2
F3 7+ Qo AANEE XAkt

3.2 ¢ =3 H|0IH
A 233t Qo I=
Slo] Ao), v, =, FFe =

o=

= ¥sE
24319t 2
ol de Az 24sha, L 7} 9
At e o) 9 WA A
i

Bojsta 2
Jolo} Wil
Jol Htiz 4
Aew 248

3.3 MM HIo|E

ofFtolYA AAHOA 25E "ﬂ*ﬂ pHAIA, &=
2AA, ppme FAste] 717 Wi ST BAgk
I} Fo|E AmEgTt £33t Hlo]g %lv% Al ZreFeted
o} e} oflofx, 5189 PRk WSkt 71X W B
pHE 7.910]%, B ppme 163, B £ 22.
8T, B FEE 55.9%=2 SF=HAt. F=FAuQ] 4
0} H| WA ofFotm YA A9 T HE7f 1§
=t pH7F 259 YUE 7HAol = 7177 o
Eoltt. A9 X3 pHe 6.0%08, pH 7.91 Wel9
oA E A, 2w U3 B4, 7Y, o T ¥da
9] 80| goldnt. E3h ZrEof| v F1]Q] ofA|
7t oA 57t ettt wE9] FEE THEoUiA
Zotgich. 34 AlAR9] Bt pHe 7.190]2 2
T+= 223C, TDSE 790ppmO]tt.



loTE

225 JHYE YUCHOf OfFOLTHAN B3t MK 47 429

R T T I T R T T
gz° EH 7.91 pH
pH *

2

o

- 212 187 34 210
FE T 0 v 150

5
=3

ool 3 116 -5 =3 163 ppm

o

2.2 267°C e B 224
3w R O
2 o D
i U 22.8C

o

e 62.7% 613% 60.9% 60.6%

260 — 01%
ng o ” o wONsw Tewses
% H# 55.9%

»

o

825 91 9/8 9/15 922 9/29 10/6 10713 10/20 10/27 11/3 1110 11/17

= 5 2z
J8 4. JUME 0|88 WsEtd HolH 5=

a, IHHH%*&MI 2 4% HE
SRSt oltokmy 20 2t 4% 9, ARl T
SlmeisiE) 792 531 2 4 3ol 2 Qs
A= e Wel SPge 710w Ausit
S 452 2 9 o]l gL 7,302mmel, of
SohEy 2 440 GO S 3,107mm oFFoE
U 57 A A0 oF 65% HEe] 47
Bgirk. 9lo] Holl HEo] P LA A7t
3,107mm, OFFoREHA AJF7F 2,356mmE S A

sl oF 76%°] 44EE Bt §etoRE S
o] 5 ZAA At
g%, 9= #4 o, 4= g
mm MW ORROREYA | sz ofopEL A
8000 ; 30, 120 11970 4 24T Hf 0|
80%
TERMb o 100 96.22
6,000 65%
4,715
B" Sl
4,000 T’ciIHHHC’I 50 94%
3.107 50.93 48.08
2355
2,000 I
0
Y 95 o9y o= g €95 o9
I3 5. WML 9%, AZ HlR

A 5] o Zol9] HtE 119.7mm, ot
ofEYAE= 96.22mmE A 9] 80%°]L, 473 A
v AE9] H2 50.93mm, OFFOFEYAS] HE
FAL 48.08mmE AR 94%9] AAES HY
ot 9%, 959 B2 9%, G2 ARG Fol7t
AAaL, A7 A o] Eol YebA A7t STt
oz Qs A7 AACIA = Atel7h Fit.

23dE g+

g EE(g) Hl
+7AMM | ololEdA

2zl sl B so 3849 45.00
0. A2l Azl -
20 HE
. 85% WO 4 +37HeH 2l
92.9%
16 -
<« 16 *
3D 14 [ ] [ ]
14 m o144 20
12 13 13 A
A 12
10 1 10
8 0
PL P2 T1 W1 Al AZ A3 A4 25 3 22T opROIEY

3 6. UHLAIE FHE), ST HI

AEEAE Qlo] &t A 617, ofstolEYUA
S22, 7 A ERETE oF 85%9] 52 BTt Al
WA A5 A= A 48.4g, oFFtobE
Yt 45g02 AR oF 92.9%2 Uebstt 9
o] A YWt T T P40 Aot

FTHL vt Zor daEIth

co M $Zxeh e
Wolgolmys = 58 52
40
= 41 e 46
Fo 31
° 6,821 7.302

o 2356
= 1 981 1365

910

L8

10/22 10/26  10/30 1108 1107 11/ 1114 1A7

a3 7. SRE xeidAlel =, EE, g F0|

S G, G, G4 Fole 9 ¥ 2 2]

ole &%, dF A9 Fol v 717to] 11
g At Fo| Hofiton; Futol= A%
E9| Fo| A== @S EArh A4 I
190.6%9] AHES HG o, ofFotxYA9] =
167.7%9] 44ES Btk A2 34 ”27}
446.3%, oFolTYATL 260.6%Y ALES HHS
W, FE2 FAATE 341.4%, obForEYATt
240.2%9] 4FES Uerith 9%, A9F G459 4%
E2 AR 4A]o] ofFotmU A AJARIO R Auf
S AFET T 22 Augks BYou, 3]



430 $=E2EIXSEE=2X] 21 Vol. 21 No. 4

Al9] g2 glo] gl ojic

4.1 FHiAo M2 HWEA

Al dx I, BE5F 2 SPSS T2 TH
S o] g3lo] chHzF BAF EX(MANOVA)S AAFT)
A 2 ofFtotrY A0l Afufa|u PX|up F X
ol 2709] A5 E5o) EtA G, A=, 450l 5
AZOoZ Fol7} YA HESIAE

B 2. 70N 2t 53t HH
AA B4 YdHE B ROEE
& 7,829.333 5.487 0.002
SME 2y @@= 408.325 1.613 0.191
=Y 0.544 3.043 0.032
ot 915,699.327  641.764 0.000
=M E= 190,496,640  752.562 0.000
=Y 52956 296.321 0.000
G 7,527.032 5.275 0.024
ﬂ'ﬂ o= 0.167 0.001 0.980
o =Y 1.124 6.288 0.014
A 7,706.587 5.401 0.022
=3 = 931.145 3.679 0.058
=Y 1.036 5.800 0.018
A 222,534 0.156 0.694
Iﬂ%ﬁ = 170.002 0.672 0.414

=S

=Y 0.316 1.767 0.187

Aepapale] Wby G, ggwre] Aol FAHL
2 fojgiom 5o wetd 44t A5 Aolrt
fofat Aow Yeheh ApgAls E58 SA] 2
Sfetel A 94, GE AFo] FAHCR o

o7t Qe

5. LD L3t 2=

AR AR, A, B87sA, A7k
el o ERAHEAAECDE Fo 58 AAE
HEe P Bk susiach

M58 08 Ao} ofFobmract SR AME HliL
SHz shE ol a7 Betalof she ol Tl
Ao & wofsloitt, EANRONE AntERTA 1
% 67, 2ntER B HALHS] ABHY 204, AntE

N

& A4 37 F 29501 FFA Bl oSt

R
r

E 3. Mgl YYx WHeH M= TF)

st 2ZTHHY | OFFOFREYA IHK|®
FEVS[Pst 38 42 = | AEY S
Mabd 4.1 3.1 HAE, AYY

_ AN &2 JINEe

R JIsA 2.9 39 = ' 8, JiEHg

s

MAL XE2

é; N 35 39 Qo] A, MME RX|
==

Xl 7y 3.2 38 Aredzg, 2ty

AAONE ARt AXE obFobm 0] Al
o] glolA] Wash Aele] Fof o] 4%<] AR
o e 3 vlug Sstglon] 22 Aol HA
of mepE AN A9 G 59 Foirt R ¢l
L ojFolEd vt B8 Fow eiton] 14g B
Aole] 2§ 5o B8 7R, WAL 4B B2 ¢ A
S7RHE opolEYAst Sttt SR argel
A9 AN B2 Ao ATSS ekarh

ofolEY A AEFAS oJololt ok Tog
887t 91, B9 Ao 847t okslo] A
o] S5tk ALl Tt SRoIAE SRS o
Sfo] Ak ]3] B O] St obd A
Fo| 9450 ofFolmUAL 77%0] FEOR U
3t woleh. A4t 22| F2 53] 99 A= Sl
ool 0] Qo] B wekstel 940 B
watsich. ool AR G ol
YA 712 457t Qi §71s Al Histel o 2
RE AMES A A40] webd A3t 4+
ABB7|E S obolEY Am Atet 457t A
oA DAL Qo AL AT ek

S7Ae Bkotael Jolg ARgstol AEfstL of
FohEY A YA B17|9 §7120] HeAB|ZE of
ST oW AFH PHZUE A4S ] T
of @7l e Ro1E YA DR Aol &
3 olf P49 WS oA B AAEeTH
Ao $4Ue BLHOR BEHIE A&7k5 4ol
955,

AR e e HgH oz B

rr



loTE

3 Y] O] OFOLTLAN| BEH T AT 431

T AE 4ES 100% 7122 shof ofFtot
EYA0 JH, AF, I, @FTT ABES VIS
o Aol wls) ofFolzy Ao FF ABES
58.4%°1™, FE£] JFEL 70.4%, A2 YFES
88.0%, AFTZ 92.9%= HEHoH, ol ST 3
T AFES A 77.4%2 e

B 4. gAY Su8 3N 7t

W S OROtEYA | HT
446.3% 260.6%
oy 458
100.0% 584% | (HE8)
341.4% 240.2%
o= 458
100.0% 704% | (M=)
190.6% 167.7%
ot 43
100.0% 88.0% | (HEg)
48.4, 45,
#5Y o4 °%
100.0% 92.9% | (HE8)
S g88 100.0% 774% | (H=28)

ofFola Y A Al 9] A7t A ui R A
Eo] W2 ARl AR nvE Bk, & H&(GH)
7} 163ppm O =2 A9 B R} Wil A59] &
3t FAx=Ql 580~850ppmETt W¥7] w&o|tt, Fm:=
=7} 140~210ppme 571 HH 9] THo =2 AR
$5 A9 24 TDS HHAA 560~840ppmitE =
271 obH a7} A7) of# 2740 Eo| FHuE
AEE WHFA Eotgrh. EIE A9 Aert
pH7.9 Y2 A59] 27 A pH6.0~7.59] 5] 4=
obA A, Ql, Z Soll el YIRS F52o] Yot
A ofFtotmY A0l A7t gAske dloll Asiaslo]
=] et

V. 22 2

=

0%
Job

o7

1. 42 4l =
[—

- B X

10

oftolEY s WA oT ATt o] G G
& 27N 70.5%013, B4t 85%= Aolze} 7
St AT, FHE 02.0%2 Ao] 2HT FAE 1Y
T o2 Y olFotEUAS ol83 A% A

AR AR 77.4%0] AFES UERAT A
S5 U9 FE 527 R pH7L Eot AgEo] %t
Azttt vt 282 B4 FE7) 00 ofY
oA, pHE Eol2H &R &5o1H Q= rol
HE o83 AL vvIEAE FYhstoior =Hedl
A4 1E5HA] ZoHlth G w=el Higt &40
B2 79 AR EAEE Eo44 7182 © Bol A
Jot JdEo] word ZoE AleHTh 2% A1E
Foll FHoA BAAER] FFE A gOoWA pHE
Fole WjkE dAtshd B& AEoe] Eord Zo|th
gt SHoITE AvI|Z gt fU1ES
AEA Bt B2 FEZ 35 5 At &R, 7t
38 ofFotm YAl ol gt FYPHoEL drfjolE
ASSHAA B 205 & wHEUE 138 i A
Hj7} 7FsstEE o]of thet F7FAQl At Mg E|of
oF gt}

191 7F+ ¥ 7F4 9] wiEo](Aqua-pet)2A ALt
AL 595 7Y ALE AN 5 e 7H3E of
Folryies ForE FUY YA B2 F53
w1 ookt AlE-Eo] JidE Aol

FE o GolEH AEol, 7H 5ol gt oft
ofZYA AL 7hsdi} A5 Lol v, AR 5
ohget A, HY, |8, Zof| s Aol Hasit
Qo= FREZ EESH sto] vhth i, 2k ofF
oty AZ AufsheH24]. E3t, g ZEof sl olF
9] olF, 2 " E AMSdloF ARt v 8%
EZ Hole Ao Hgh A+E A= o] AEE, ofF
ool A A AAS T ARS 710l EHE o]
oF it}

3 A7esdried AFEIAY} o =1
Zo] AEA9 A%, GF, G, FFFER ok} of
7O A, As, AEAY HEdol, e, A,
o]FY AU F&E 4 Fa& A ALY & 4
W}, 8 B4, ZHE9 GUE B4 5ol ojFXIHH
4L ou| Q= Ane} 3k, BEH ARHAE
stof 4 9l AeleH25-27)

% A4, obdArg, dRYokE A5k AL
SA717} = ekt ARsS AEE IR 4 9l
11, ool A4 7Fs3k ECAIA, DOAIA, ORPAL

H

il
A&

|

=




432 SI=EEEIREE=2X] 21 Vol. 21 No. 4

A7t e AuEAe AAct ALs 243
% glo] Bk HapAel A7 sl

2. Mol ¥ B3 ol

A, FEASS ook~ Ao ofelo]
U adselA B3] ¥ 27, S8 5 Adn
d S, 5E T, Ak AAYN 5o AAs 49
HZo] 7hsotct. 719l 78 ofFotmy A
W) DIY 7|ES 7jasto] ozt AHssict £, ol
ohmY TAT A7 Sl T glont e
£ AFstnE we AY o] ook Tl £
o wizlo] WoAolct,

gl A 5T mdsgion FES W
9l ofobEY A o] Ts) HYSAAER, o
S, YAt 5 Bl 7)aolA] ofpolEd
0] og B REDAYI T AW SYow o
o] 2utE ofsiopEmy2 7lgo] FHAA] gk T of
SohEY2 s]&o] AElojo} gtk ofiopEyAd)
s BHA ARBAZRICT, BT
(BT), W=7 S(NT), $4154171¢ 5 Hoke] 287t
"ol A7lat 7ko) Wizt Aol S o

re

2l

oS

A7l ke A5
9AE BT Avke Y ALE PR FlE

=

x [ =]
g1z

ra

[1] Jonathan Foley, The other inconvenient truth,
2015.

[2] WWEF-SCP, FAO, Greenhouse Gas Emissions
from Agriculture, Forestry and Other Land Use,
2016.

(3] B, FRFYIIEGA 2001~20204A1-33)F 2
£), p49-50, 2018.

[4] https://m.blog.naver.com/seouchae/22106291

5048

[5] FAO, Small-scale Aquaponics Food Production
- Integrated fish and plant farming, 2014.

[6] Ministry of agriculture, Nature and Food
Quality of The Netherlands, Agriculture,
Nature and Food. Valuable and Connected -
The Netheriands as a Leader in Circular
Agriculture, 2018.

(7] 758, AJH2HE g 2 AofE F AAH 7
Aetddisha, EARsRe)=E, 2018.

(8] Aok, Aep, A==, v, 48l3], “ofFotxy
A 7] o83t W gt A AL HEE
Z&35t9] A, Vol.45, No.3, pp.307-317, 2019.

91 B, A48, ZHHS A= A 7Fs3 7FEE oF
FLOPE YA APHJEFR[S] 7fE) S AEHAAER, O4AL
A&, A&ista, 2018.

[10] M. Ulum Haryanto, A. F. Ibadillah, R. Alfita,
K. Aji, and R. Rizkyandi, “Smart aquaponic
system based Internet of Things (IoT).” Journal
of Physics: Conference Series, Vol.1211, Issue
1, 2019.

[11] Baraa Abd Al-Zahraa Naser, Aajam Laith
Saleem, Ali Hilal Ali, Salam Alabassi, and
Maher A. R. Sadiq Al-Baghdadi, “Design and
construction of smart IoT-based aquaponics
powered by PV cells,” International Journal of
Energy and Environment (IJEE), Vol.10, Issue 3,
pp.127-134, 20109.

[12] oI3H8, &4 =FAuje] oy ¥ GH7F, T
=og3], 2014.

[13] http://www.hortitimes.com/news/articleView.
html?idxno=20963

[14] https://blog.naver.com/maxilla/30184211695

[15] KBRQAT+ 4, drHEEHA-PreEE dHry
g3 oR24/H, 2018.

[16] SNFTARE FAA AT, 201749 #4] “Fg=58 A/
FAg, 2016.

[17] oJ&%], 2R3, WAH, 229, “ofFotxy A|AH
oA AFHA7L AAEAE v T T
A71A418+3], Vol.24, No.1, p.549, 2019.

(18] IHA] HAYE, A, &S A/ZFofe Frjfo] 7]
=27] 138%, 2016.

[19] "G, ghjojo) B4 721 WU E2, 2009.



loTE

23 Y] BHO| OFFOLLAY Bt

EFHE O

[= e lon

T 433

2

21] https://www.emporiumhydroponics.com

221 https://blog.naver.com/jdekim7/221413958435

23] https://blog.naver.com/gumlife/221564131916

24] https://ecotechservice.tistory.com/71

25] KA, FIBEE &8 8 AR F A28 (Aquaponics)
Tl 7HERS fEF Tl dA Adiea, HAE=
=, 2013.

[26] sk, B34, “ofFtota g Al I =Y7HsAdol
AT A FASGTEATE, A29E, A4s, A
993, pp.1225-1234, 2017.

27] 7157 led, ARG, Adldt, A444, ol¥A,
ABE, o5, OleE, ofFIEYA AR e
TWEF AJe] A2H 74 pp.400-408, 2018.

(28] I PHRAIA, |AE, APFE QRAIRFQ9] F2lf

=77 2019.

0] 5&EU8H, 77edFo] 160-¥5, 2018.

[20]
[21]
[22]
[23]
[24]
[25]

XN XA Y
7 7 A(Gyeong-Hyeon Kim) 334
= 20184 2¢ : sty HEAHR:
AR HAG A

=2020¢ 29 : AZYstw AUtE

Agro_ICT8&staH(Zst4Ah

(FAZoP : ofFotEY L, Holy 24, & 7, A=
By

3t 5 2(Dong-Wook Han) A5

= 20044 29 : KAIST(A 93} vap

= 20044 39 ~ 2006 29 A4
SDS

=20069 3¥ ~ @A : AFHstw
2ntEd|tjosla} w4

(TAHEoD © AvER, HEolg £4, AFA

olr



