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Effect on Eel Anguilla japonica and Crop Growth by the Development of
a Biofloc Technology (BFT) Aquaponic System

Ju-Ae Hwang, Jeong-Ho Lee!, Jun Seong Park, Jong Ryeol Choe, Donggil Lee and Hyeongsu Kim*

Advanced Aquaculture Research Center, National Institute of Fisheries Science, Changwong 51688, Korea
'Fish Genetics and Breeding research Center, National institute of Fisheries Science, Geogero 53334, Korea

The effects of an aquaponic system based on biofloc technology (BFT-AP) were analyzed for eel Anguilla japonica
as aquaculture species and caipira Lactuca sativa as the cultivated crops. The rate of weight gain rate by the eels was
178% (BFT-AP 200 head) > 136% (BFT-AP 100 head) > 100% (BFT). The eel body weight in the BFT-AP (200
head) significantly increased when compared to the BFT only eel group (P<0.05). The weight of the upper layer of
caipira was 91£8.5 g (200 head) > 9048.9 g (100 head) > 48+8.3 g (Hydroponic crop, HP). The crop growth in all
BFT-AP groups was higher than the control, the hydroponic group. The total ammonia nitrogen (TAN) and NO,-N
concentrations decreased in the BFT-AP group when compared to the BFT group. It was possible to remove nitric
acid from the aquaponics system and reuse it as eel rearing water. Although some nutrient concentrations were low
in BFT when compared to HP, the nutrient concentration was sufficient for plant growth. The results show that BFT
has the potentially to provide a sustainable aquaponic system.
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N B2 SFAHIR o] AJokE]| 1 Qlth(Avnimelech, 2012; Vinatea et al.,
2018). H}o] @-Z=HFA 7] (biofloc technology, BFT)> | <

A FA Y-S oid F7hsto] ofF 8 2009HEC. &2 H ALk 7hset A Ao AQtElo] frrh(Avnimelech,
o] glom FAMEAH|E ESL il 2715} S=A|o]tHFAO, 1999, Avnimelech et al., 2015). BFT+= ZEgo|L A &
2020). GFAO1 0] MAS 0]7] Q8 WA LUE oF & o|gdlo] AR Bhaol AAH|(ON v)E 2A5a g
Ao gt Amel 293 §71E Aol dig AAH vl shedobAlFH heterotrophic bacteria)o] $HIFEE Bho] AL
= S7HAAITE EE o] 9] Ak ARE-of w2 2HE @ A A, T AasRHES AlAS AbsrE ASHA]7]E WRlolt
3 7Rl ol A o] Fol A= A o = o] - E St w7 = (Avnimelech, 1999). BFTA| 2~ 8lo| A= El7Fa oFAl ko] A%
W, YA 82 ABAEE] SPHgE HA o it a4 E o| W=7 XY= A9 F4F FXIA7]AL biofloc o=
7R Bl A 7Fset FAe BaAlS SHAl7] AL FIAA A A 4= Qlo] Abso] ke 2 axslet 4= Ql=
21t Amirkolaie, 2008; Davidson et al., 2012). Z|Lo]&= o] AlEbEH o &2 ok A] QItK(Crab et al., 2012). E3F BFT A4
23t FAEES SN FABAME =Y 5 e 2o A= AR wgto] 243k 4= Q17| wiwof #egk o

O 2 AR HljEo| 7 9] Q= o3lo] IR ABl(recirculating
aquaculture system, RAS)¥} Hlo] 2Z2H(biofloc)S ©]-&-3t

ROl AT O 2 Qe A JFE EY 4= UthEmer-
enciano etal., 2012). #0} ofy 2} A<~ HA ] Hlo]| . 22}
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1. BFT Fish tank

2. Motor

3. Water level regulator

4. Vale

5. Intake pipe

6. Drain pipe

7. BFT plant bed

8. Nutrient sol. Plant bed

Fig. 1. BFT based aquaponics system. A, aquaponics schematic; B, BFT fish tank; C, DWC (deep water culture) plant bed at 4 weeks.

FAAES] Ho|2 &8d 5 7] fj o AlRAEES =0
474 2700l 7| oiBT}aL el 9lol RASS} | e A7

2l 0.2 Lol YIrkRijin, 2013). AA7HA) 171, Detslof
theFet @0l ol A BFT 118 A7 ol ot A+
7} Ha1E] o} QItk(Poli et al., 2015; Perez-Fuentes et al., 2016).
oftolar Y A (aquaponics)= AR (aquaculture) ) =73
el (hydroponics, HP)E §-2t%F AAMA ] 0 &2 4=AkefA] o}
ol A HATH ARS U R EE A dEe] 44 YR
SolAA A skt e E Aol X &A o ® o]
o A= Al &Flofth 3 ARGE Al AARESHEA AR
A3} S2EAHE FAO] 29T 4= 9171 w2l A =<
w2 7|HEe E o 7| AP 0 2 A QIH(Endut et al.,
2010; FAO, 2014). o}FtolZ Y A= ZHE AL Ao & AL
LEES 20 2917 A 0 B S EHE gy ES £Y 59
g7l o] glof(Diver, 2006) ]2l o] A4S 913 F A4 o]
A4 755 AAF P © 2 A oFE] 31 Qltk(Tyson et al., 2011).

A 3 d 5ot 7] 9 Dekslolel JARE O o7
oY A7|E gl Bk A7t HalEof 9lth(Zhen et al,
2015; Kimetal.,2019; Lee etal., 2019). 18|} BFTE 7|§1&
= A2 o] A 4ol w54k Baolel S vl
& ¢z ob#) 3 vl gick. web, o Aol i BET
7]k ool i 2 A A5HE A §5}o] A7) A 4lepo] w2
ko] o] AR S u|walgich & HLE 7|Hto 2 BFT-AP
(aquaponic system based on biofloc technology) A] 82| &
B7Hs4dE FAFSEL Hho]| @ E2} oFA 3} o}FLot Y A 7] 22}
&2 A3shus sk

Iz H A
HIO|R2EE 7] OFFO0LZHA A[AH

wgto] B AAES AlEl] AT AAHE Fig. 13} 2
o}, Wigol AN IS 9l AR AT BFT (270
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BFT 7]5t o}5to} 2 Y A(BFT-AP)2]  7}4] A= thAare
2 FRP (Fibre-reinforced plastic) =2(@ 1.2 mxH 1.0 m)E
ARgSEo] ARlE Z3YsEIAL, AufatEe] AddH s sl 4
Z3 A Hll(hydroponics, HP)2} BFT-AP A& & thA o &2 Afz)
FRP $=2(W 1.2 mxL 1.0 mx H 0.8 m)Z Ag-sto] AFLS
Z18ysioict. WAro] Ao A AufjdtE HER L] Sad
= Sl HZB0wyE 2t o2 VI A A8l Faa= ¢
3l LED =7 AAIskeich AuiatE Auf WlEe =T 5
1007114 9] 228 &= A4 = o] F- 8007H ] AufA] = 174 = et
AR 717E 5k 1T 1447 Y 2ARSH ] U< 6000
lux oA} 335+, =524+ 1.0°CE $-A5}iTh BFT AL
4= Choi et al. (2020)°] A|Fek R of) whel A 2645 0w,
& W=717H45E ARl iy ofet opEAtedo] 1 mg/L o]
Sk Qg A Felshar iAol & QA sto] 137 =X AR
S Aol ARt A AH(HP)YE $17E A 7ltoll= Aul
| = 100714 5 200715 A 4] k3L AufzhEo] B agt 2l
4N =3 (Dae-yu, Seoul, Korea) 15(A2, BH)E 100
m? G 1-3 L9 52 335193, BFT-AP A 9ol 5t =
(6000 lux, 24+ 1.0°C) 0.2 A-8-3H4-2 Al 2a9ict.
Agio] 9 huhxie

Aglo] 2 AHgE AR ol (Anguilla japonica)y= W%
of A|7]of] AuteFAI ol A FListe] Zsf HehelAAdFAlE o
A AR sl AWAIE F Hat 20-40 g2 JHAIE A skl A
AT 2 ol FHAY S kg/m’ (F 5.7 kg)E -8-35H3 T
ARSI BFTOF AufaE2] Ao whet & 1502
o] 29H5.0 2 457k ARG 3ol AR v el

3] A& 918 AR§-H ALEIALE Purina oFolAlR] =
2 F-GR Ao AbR SAHZE 94.8%, Tl A 55.8%, A&
7.8%, B3 13.8%)% ST AR BATE 1A 5 3%
£ 47530 19 23] Fgshich

AuizrERe AR 7helvel(Lactuca sativa)yE: ~17g o)
ow, 4gel AH8E FHE ATPANFAE ol (E=
24+1.0°C, 5% 55%, T 15,000 lux)ol A HolA 7] 0 E
ARE-SFITE BFT Wi7fo] Absp= Ajul} 7153t Al akE2] #)
AJere afobiz] Sl AAITHE 10027)/m, 20027)m2 7|
Hsteieh

i)

Wiolo] 2L 42710 AY B2 F UBTERE 5 AS
S5 RAH91 R 30012 S ZEsto] AR B A 2L A
A2 25tgck Aol Ay el 22 913 nHHAMS-

Seoul, Korea)& AH8:310] 7712 248192, Agol7} uh3]
oA 7ol 3 WEel 5mzo] 483k T AT SRk,

APAE D7 A| FAS Bl 2 24 & (weight gain rate,

f
olN

B

59 - 052 - U3

ol

A~
ne

WGR), ¥ Y47 E(specific growth ratem, SGR) W AR A8
(feed coefficient rate, FCR)S £415}91t}. 7Fo|ulefe] 42
ZF IFHE 2070 AR S sho] 2H2bel B 5, T 4ol o
%, g4ol, QA5 S5k

=

AXIH
_I_ET'__A—-|I

AReo] £AESA S Y8l B4 (dissolved oxygen, DO),
pH, 52, 27| A = E(electrical conductivity, EC)& T}at= 4=
A=A7](YSI-650 Inc.; Yellow spring Instruments, Yellow
Springs, OH, USA)E °o]&-sto] & 53] Z743sl3itt. NH,-N
(ammonia nitrogen), NO,-N (nitrite nitrogen), NO,-N (nitrate
nitrogen)> AbR FaAlo] Agste] A AloF7| E(Merck
KGaA, Darmstadt, Germany)& £45}0] 334531 #|(Merck
KGaA, Darmstadt, Germany)E ©]-83t H|Afo 2 B2
3)/7)5t3iek. BFT-AP A& -9F HP A9 AMs4= W w]
Ha(mg/L) 24 5 Total-N, Total-P, K, Ca, Mg, Fe, Cu, Zn,
Sit S EZA3rZal=nl Eabw 4| (ICP-OES Optima 8300;
Perkin Elmer Co., Waltham, MA, USA)=, Cl, SO, = ©]-2=
2ZotE 783)(930 Comact IC Flex; Metrohm Co., Herisau,
Switzerland)E AME-51o] E-A4514 Tt

SA=EA

=
A1) Aol gt 94 H5-2 SPSS (SPSS 5.5;
SPSS Inc., Chicago, IL, USA) program=- AM-5104 one-way
ANOVA-testS A A|3}%1 1, Duncan’s multiple range test
(Duncan, 1955)2 3+ 7F2] 5242 74 5Fth(P<0.05).

z 3t
S CIREE

o] @&} 7|Qke] ofFLol Y A(BFT-AP) Al Hof A W4
O|(A. japonica)E 47t A A @ SE A3K(Table 1), ¥iAFo] 2]
o FA= BFT (44.7+30.3 )9 v g2 A2 100
7| f2z0| A 5244243 g, 200370 A 62.6+42.3
g2 2 Auf2HE0] A AleFo] W BFT-AP A% WiAo] o] A
Ao] Z9kth. WGR E3t 178% (BFT-AP, 2003£7]/m?)>136%
(BFT-AP, 100Z7]/m?)>100% (BFT)s=0.2 AjAeo] =2
BFT-AP A3 150 A 44-E0] 2L o3k 520l 4] o]
7} et th(P<0.05). FCR-S BETO|A] 1.57, BFT-AP #i4}o]
oA ZFzk 1.15 (1003£7)/m?) T} 0.88% (2003Z7]/m2)o| it}
RZE-8-2 BFT 230l A 97.7%, BFT-AP (1003 7]/m?) A1
o)l A 96.5%, BFT-AP (200 7]/m?) A3 7-0]| 4] 98.5% =
E AN =A A= At
THHH b= 2| A7

BFT Ao] AL ] 7Hsat 7holsleke] 444

o w4
A& cohi] 918 AMaRRe] AAFE defstel 4% 5 4
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i 2HE0] A4S S5kl vl gt A b= Table 29 2t 4
T 5 RS ST AN, F TS FAAMIHP) Aol
A 62+6.5 g, BFT-AP (100Z7]/m?) A& ol 4] 109+9.7 g,
BFT-AP (200 7]/m?) A& o] A 112+8.6 go] L, A5
S HP Ago)| A 48+8.3 g, BFT-AP (1003Z7]/m?) A&
90+8.9 g, BFT-AP (200:£7]/m?) A&+ 91 +8.5 g2 2 HP 4
ek Bl S wf oF 87% Aol Fdth d4ol= HP A¥
Lol Al 127 13 mm, BFT-AP (100327]/m?) A% 151 9.4
mm, BFT-AP (20037]/m?) A% 155+9.6 mmE HP A3
TETF oF 22% 7ol EUTh E3F Gl A= HP A9l
A 13+ 1.6, BFT-AP (100327]/m?) A& 17+2.9, BFT-AP
(2003Z7]/m?) AF oA 17+£0.82.8 BFT-AP A3 Lo} b
Wsto] Jrt gttt

AXIH
_I_ET'__A—-|I

A% 717F E91 HP, BFT, BFT-AP, A& o] tjst 421
A A3R= Table 33+ 2tk ~2-2 HPoJA] 22.7+£0.23°C, pH
6.1+0.9, DO 5.85+1.65 mg/L, EC 0.64 +0.36 ps/cm& -7
©]¢la1, BFT=23.7+0.22°C, pH 6.36 +0.28, DO 8.17+0.59
mg/L, EC 1.1+0.2 ps/em & & HP AF L2t =4S4 =
t}. BFT-AP (2002£7]/m?) A3-19] 7$-o= 23.9+0.12°C,
pH 5.72+0.49, DO 8.68 +0.54 mg/L, EC 0.95+0.67 ps/cm
2 FAE AL, BFT-AP A9 15 7he] 2 Abol= it

2y Ao 824 A3k Fig. 29k 2Th NH, “N+= A 21
& LRolA Al ashe A3 UEhof 453 oll= BFTA
7oA 0.17 mg/L, BFT-AP (10027]/m?) A& o)A 0.17
mg/L, BFT-AP (20032 7]/m?) A& 7Lol| 4] 0.14 mg/L= 2| &
A H Tk NO,-N 9A] YL ofet v =3t 7 ke B Glal A
45702 g 4501 0.2 mg/Lolste] W =21 & HEbdlt.

NO,-Ni= £5] BFT-AP (200%7]/m?) g ol 4 4% 477}
o 19.9 mg/L2 Al AT Fo) 7174 wA| A=A,
NERSTRIE R

7} A9 o] 29 4] A k= Table 491 Tt BFT A9
O N2 77.4 mg/L, Pi=24.24 mg/L, Nax= 16.75 mg/L, K=
17.65 mg/L, Ca= 67.29 mg/L, Mg= 16.5 mg/L, Fel= 0.126
mg/L, Mn+= 0.09 mg/L, Zn+= 0.539 mg/L, Cu= 0.13 mg/L,
St 84.01 mg/L, Cli= 37.97 mg/L, Six= 13.43 mg/Lo.2 4=
AAHI(HP)Q] 0] Lo} v TH-L o K (48.51 mg/L>17.65
mg/L), Ca (72.16 mg/L>67.29 mg/L), Fe (0.726 mg/L>0.126
mg/L)& A &5kl BFTAE oA 2E o0l & =5
et BFT-AP AR 15004 o] 252 #4147, BFT
A o] FrE H o ) 2 ke %S UERTH Na, Mg,
S& o7d3] HP A3+ Bt #34aL, Y A] o] 252 HP A ¥
FRTHES S BRI o|eld ATk BT A4 o
G Al AlEo] Fpsto] Aol ARgeRl7 WliZel Ao s
ARk A ] Aol slo] Ikl el A gl Zn
I} Cusz HPoll= AEHA] AN, BFT Aol = v]he
2 EAshe ez FelE ik

d|
[l

B AT Hlo] 952t 7]vh ol ol LY ABFT-AP) A
ol A A ApEe] AfAleEE Tl stel Waoloh Al Ee]
49 2AISITL BFT-AP A 282] 9120 oF4] #8754
shoI3keiet. BFT-AP AIgol A Wigol o] 4452 44
ol whe} zF2} 136% (1003£7]), 178% (2003 7)) A 2]2ko]
B AT o] Wtk Ftol A AgoA 34

x|

ol fo o

Table 1. The growth performance of Anguilla japonica in BFT and BFT-AP systems for 4 weeks

Groups Survival rate (%) Intial Weight (g) Final Weight (g) Final total weight (kg) WGR® (%) SGR*(%) FCR®

BFT' 97.7+1.1m 21.8+2.5m 44.7+30.02 8.90.12 100+3.12  2.39£0.1° 1.5+0.12
BFT-AP2(100 head) 98.5+1.2 217424 52.4+24 33> 13.610.62° 13644.2° 2.93+0.2° 1.15+0.62°
BFT-AP (200 head) 96.6+1.3 21.842.3 62.6+42.3° 15.9+1.02° 178+£3.2° 3.52+0.3° 0.88%0.12°

'BFT, biofloc technoloyg. 2BFT-AP, aquaponics based on biofloc technoloyg. *WGR (weight gain rate)=(final weight-initial weight)/initial
weightx100%. “‘SGR (specific growth rate)=(In final weight-In initial weight)/daysx100%. SFCR (Feed coefficient rate)=Feed consumption/
unit weight of increase. The data correspond to the mean of 3 replicates+standard error and data in rows denoted with different letters were

statically different (P<0.05), ns, no significant.

Table 2. The growth of Caipira Luctuca sativa in BFT-AP systems for 4 weeks

Group Total weight (g) Leaf weight (g) Total length (mm)  Leaf length (mm) Leaf No.
HP! 6216.5° 4818.32 446+60.7° 1274132 13+1.6°
BFT-AP? (100 head) 10949.7° 90+8.9° 511+51.1a0 151+9.4° 17+2.9°
BFT-AP? (200 head) 11248.6° 91+8.5° 546+35.3° 15519.6° 17+0.8°

'HP, hydroponics. BFT-AP, aquaponics based on biofloc technology. Data presented as a mean +SD. The data in rows denoted with different

letters were statically. different (P<0.05).
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WAF6(65.7 gy Ao & WS Faato] 39Uzt ARget 4
3} 74.7 go 2 AAEA T ol wE o)l A} Afol=
Aok B tH(Mota et al., 2015). Lee et al. (2020)] u}k
21 Hybrid BFT o}tz Aof 4] 8i2F0](180-250 g)2] &
A& 5.8%= Bargh} Qlrk. BETARSA| AR o] A] Azt
(Anguilla bicolor) 7] 2] 73-¢- W ol= F-2] 2 ¢l Z}o]7} ¢l o
U A3E W AR ago] FAE Tkl B 18k¢] ch(Sukardi et
al,, 2018). B AR ET} B S of Wao|e] g
BFT2} BFT-AP A 3ol A 4A-E0] tzof A| 28 o] 2875
3& Rl

uko] © 2k A AH| O] Tamo]Fof st 28rhs/do] Hard
o] %2 (Avnimelech, 1999) 7], Ge}u]o}, oJo] 5 F£Q Y=
HolFo] Aol st dA47F BHarE|o$hrh(Poli et al., 2015;

Table 3. Physical parameters of water quality in HP and BFT-AP
for 4 weeks

Group Temperature (°C)DO (mg/L) pH EC (us/cm)
HP 22.740.23  5.85%1.65 6.1£0.90 0.64+0.36
BFT 23.7£0.22  8.17+0.59 6.36+0.28 1.10+0.23
BFT-AP

(100 head) 24.0£0.06  7.67+0.30 5.18+1.03 0.94+0.40
BFT-AP

(200 head) 23.9+0.12  8.68%0.54 5.72+0.49 0.95+0.67

HP, hydroponics; BFT, biofloc technology; BFT-AP, aquaponics
based on biofloc technology; DO, dissolved oxygen; EC, electrical
conductivity.

Table 4. Nutrient mineral element concentrations in HP and BFT-
AP for 4 weeks

Group
Nutrient i i
HP  BFT (%FOL:,\;) (2B()F0L$F:1)

Total-N (mg/L) 67.87 77.40 3244 26.68
Total-P (mg/L) 5.67 24.24 9.10 6.81
Na (mg/L) 15.94 125.49 100.26 99.77
K (mg/L) 4851 17.65 1.23 0.33
Ca (mg/L) 7216 67.29 40.27 37.48
Mg (mg/L) 941 1650 15.66 9.41
Fe (mg/L) 073 0.126 0.12 0.13
Mn (mg/L) 0.09 0.09 0.04 -

Zn (mg/L) - 0.54 0.25 0.16
Cu (mg/L) - 0.13 0.08 -

S (mg/L) 4220 84.01 60.39 58.05
Cl (mglL) 3466 37.97 29.00 27.18
Si (mg/L) 13.39 13.43 12.95 13.31

-, Not detected; HP, hydroponics; BFT, biofloc technology; BFT-
AP, aquaponics based on biofloc technology.

o
offl

N
oy
oflt
Hr

—e—BFT —&—BFT-AP-100 —=—BFT-AP-200

Total ammonia nitrogen (mg/L)
O = N W » OO N ®©® ©

0 1 2 3 4
Time (week)

C

—e—BFT —5—BFT-AP-100 —m—BFT-AP-200

Nitrite nitrogen (mg/L)

Time (week)

100
—e—BFT —&—BFT-AP-100 —s—BFT-AP-200
80 |
60 |

40 |

20 |

Nitrate nitrogen (mg/L)

Time (week)

Fig. 2. Change of water quality by BFT (biofloc technbology), and
BFT-AP (aquaponics based on BFT-AP) system for 4 weeks (A,
NH,-N; B, NO,-N; C, NO,-N). BFT-AP-100; aquaponics based
on BFT-AP-100 head, BFT-AP-200; aquaponics based on BFT-
AP-200 head.

Wang et al., 2015; Perez-Fuentes et al., 2016; Pinho et al.,
2017). SHAI5k, o] 9 ek A ~wloll 4 )40} Al7] FEAL )
Apofo] Agrol] Fet Az ob4 il Mo gick, £ A7
3}, BFT-AP A2 82] 910} 4288 96.98%2 7 $45)
%31, FCR ®3F BFTA & oA 1.57, BET-APA & Lol A Z}
7+ 1.15 (1003£7]), 0.88 (2003£7]) 2 WA G4 H&= A2 &0l
s

AufatES FAH 7 =S Aefshs A=t ZEddE S
T B ABhEo] QAN AL EITh SEolzhA] )
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Ao] QFAloIA T (250-900 mg/L)S] NO,-Ne| 47dots}
s heefol gt aeo] v 2|4 3ol 2k 1317} 5ol SlEHMad-
sen et al., 2000). & -0l A A ZA A3 BFT-AP A7 2]
NH,N 1 NO,N& 02 mg/L o]5}o] & 5202 $4/
of A717H B3k AHge] S AT iAo o] el 4
o] © A o= Helr},

5 opobE Y A AuAES Faf §71ES Fo]
whgo] Al o Rt AL ool £& Agste] olF0] Alter
= =Y 7 e oA 1S ARSSTHGoddeck et al.,
2016). =B AHE PlsiA= e FE2AE sidsh] ¢
off F=7FA Q1 FH O] g0l HashH, wizol AR H Y
HiE2 A5k L olu mx A4t 22 ohoket S EAlE ¢
0 7] elo] Htk(Rajesh et al., 2014; Lee and Kim, 2019).
uto] 9 5 7]ute] o} oty 9] 79 F7HAel Q1B
M7k Bast) ool AAIZolm Eak bl 23] AlLgo
= v]egh] A o) TRl v = v o] glo] gy
Zolct. BFT-AP A 3]0l 4] 453 7ho]uj2te] 442 HP 4
AH62 )t Bl w3 wf 2002L7] AR AR A 112 g©
2 g7o] Wttt AR EC 94 BFT A3 ol A Hat 1.1
us/cm, BFT-AP A3 4271 0.9 us/cm ©. & FAOZ} =7 A ulj o) 4]
AsH= 89121 0.5 ps/em (FAO, 2014) 0] A0 2 A 2HEA]
ol St 2205 fFAIskAL QlSiTh

Hybrid BFT-AP A| 28-S 283t #igfo] ALz A7 ol A] o
oy H Ao w2 U TIFof|lA ARAA H I
0] RS slad)o] ke ivkar H ko] Qltk(Lee et
al., 2020). 3FA|5k, BFT-AP A| A8lof| A= oJofr o] BEF AL
ojuf A 5o Aol EEA] ¢Skt Ca, K, Fe, P2
oot 22 A|glol 4] AR glo] s sleha o
B4 9l gapioln uhize] 9149l B77 astchn 1
arstal Qlth(Rakocy, 2012; Bailey and Ferrarezi, 2017). BFT
AU 7)o 28] At B4 Aato A 94 Ca, K, Fert
HP A3t Eot A = Qlek sAvh U 2] 2ol s
+ HP ®op w30} 2231, 3|28 42 BFT-AP Aui2t=
29 tfFt o] 257t BFT ARS9] skt We 210
2[N©] A<, BFT, 77.40 mg/L; BFT-AP (1003£7]/m?), 32.44
mg/L; BET-AP (2003£7]/m?), 26.68 mg/L] ¥+2=]o] BFT-AP
AU GRS AR el ARG Ao g7t
ct.

At o] 72 YoM Ca, K, Feo] 3714 550l I
Zolg} Bl o] ¢] ©1K(Rakocy, 2012; Bailey and Ferrarezi,
2017) 2 Aol M A7 E2 A7) 0]ee BEo 1}
Bl AR adolu A7) A1 e e A] ohqtth K& A
HijzbEo] Qlo] Bejut 7] W 5 Aol Qlo] S8t AES
Strhar 4 A 9Th(Thorarinsdottir, 2015). & A=A }of| A K
= HP A3 o 4= 48.51 mg/L, BFT A% ol A 17.65,
BFT-AP (1002£7))A & Lol A4 1.23 mg/L, BFT-AP (2003£7])

A3 Lol A 0.33 mg/LO2 BFT ARS=U K9 =7} A a2t
=] Aol upet Eol= AR 354 & ul BFT AU
EAs= K s =rto 2 Afullabzo] o] S23d Ao
= Y7

opgtolEY Lol A Atz AdAolle et dYE
Abolo] AlG ARg-o] ZQslttal A A U] TH(Baxter, 2015)
R o2 Absd nldEe 24 9 s 7HY A=
Fasiria B aE o} Qlti(Goddek et al., 2016). %FA1o] 2lo]
vhol e Zehe] avtz 44, 1Y 52| 7|50l Hals o] AT,
71712k obA] i ekslA e A| 4] ¢l Jlek(Kim etal., 2014).
T AdFtolli= BFT-AP A28 n &3} 77] 029 Aot
Gofl w2 FA =L ol He Avt das Ao s Yzt

Fof
Al AL

2120 YRS SAS AGATIA ol 9.5
2 o] g3 o4 74 PER2021015) 9] A0 R S

= Ayt
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