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Abstract

Maintaining suitable water quality for aquaculture organisms is one
of the most important factors associated with productivity. Ammonia,
which is a metabolite produced by aquaculture organisms, is toxic to
themselves. Culture organisms exposed to ammonia and nitrite nitrogen
are known to exhibit problems on tissue structure and function, blood
chemistry, and osmotic pressure control, gills, activity, and growth rate.
Thus those nitrogen forms must be appropriately controled in culture
systems, especially intensive aquaculture systems such as recirculating
aquaculture systems.

In order to control ammonia and nitrite nitrogen, recirculating
aquaculture systems use the biological filtration units for the nitrification
process. Nitrification efficiency is affected by various physical, chemical,
and biological factors such as water temperature, flow rate, and microbial
biomass. The development and research on filter medium, which has a
great effect on the microbial activity, is actively underway.

In this experiment, styrofoam beads which are able to provide a
large specific surface area and are relatively inexpensive were tested as
filter media. Styrofoam beads with a size of 3 + 0.5 mm were used and
the specific surface area of the beads was 1,034 m*m®. Five independent
recirculating culture systems were used in the experiment. Each system
consisted of one culture tank and three trickling bio—filters. Using the
systems, nitrification efficiency was evaluated over the hydraulic loading
rate (HLR) and carbon/nitrogen (C/N) ratios.

The lowest ammonia and nitrogen concentrations were 0.84 mg-L!



and 1.30 mg-L' respectively, and those were found at the hydraulic
loading rate of 50.9 m*/m?hr . Nitrification efficiency for C/N ratio was
highest at a C/N ratio 0, showing 0.32 mg-L! and 090 mg-L! for
ammonia and nitrite nitrogen concentrations, respectively in the culture
tank. Ammonia and nitrite nitrogen concentrations in the culture tank

abruptly changed of a C/N ratio 3 or higher.
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Figure 4. Schematic drawing for the trickling filter experiment



Table 1. Characteristics of bio—media

Items Description
Type Globular form
Material Polystyrene foam

Average diameter (mm)

Specific surface area (m?>/m?®)

3+0.5

1,046
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Table 2. Composition of chemical nutrients hydraulic loading rate experiments

Ingredient Concentration (g-L™")
NH,4C1 44.54
NaHCO3 114.14

MgS0O4 7TH20 1.16
Na;HPO, 3.23

KH2PO4 494
FeCls;-6H20 0.16
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Table 3. Composition of chemical nutrients C/N ratio experiments

Ingredient Concentration (g-L™")
Glucoses 0473.2

NH,4CI 30.09
NaHCOs 7711

MgS0O, 7TH20 0.78
Na;HPO, 2.18

KH:PO, SRS
FeCl;-6H-0O 0.10

*Glucose levels were adjusted depending on the experimental.
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1. 2 3

M-1-7). 28t 2aide e 954 9z drye 5=
Ws % Az dEUc ABEE

FE|gtA Fetake] g 7dzte] AFAINE Table 49 JEFATE 127
(H1), 25.4 (H2), 38.2 (H3), 50.9 (H4), 63.6 (H5) m’m™?hr'e]l z} A&
A A o#tzR Bolee FYTe W= TAN Idses 44
2.28+1.02, 1.79+0.77, 1.46+0.71, 0.84+051, 1.82+0.78 mg-L'¢ 1.03+0.75,
1.13+0.55, 1.02+0.50, 0.50£0.39, 1.49+0.62 mg-L'= utelvitl. A& 23 57
AP F94 W TAN v dAHer de FFoz vehyon}
T4l A & 550l B8l folskAl stA yekstH(P<0.05).

A7+ TAN H&&= ATRI VTRY g2 27k 0.40+0.15, 0.42+0.17,
0.43+0.22, 0.44+0.28, 054+0.23 g TAN-m bead-day '} 418+157, 438173,
4404222, 455+286, 553+237 g TAN-m ’bead-day'2 <47t TAN HIEHE=
H1, H2, H3, H49] A& 77bell A Festd Fepage tigk fojg ztol&
ERf A 9 SkeH(P>0.05). W, H59] A3 olA ATR¥ VIR EF HE 4
el APt vlaste] fofshA e STt e

Z+ AE zHoA F9F vE" AA 7hed TAN $%=(ATR/inlet
concentration) AlAFA 3 Z+zF 0.17, 0.23, 0.29, 0.52, 0.28¢] v]|&E H4 du 7}
4 = AAES VeI
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Table 4. Effect of hydraulic loading rate on TAN concentration in inlet and outlet water, areal TAN conversion rate
(ATR), volumetric TAN conversion rate (VTR) and ATR/Inlet conversion rate of trickling filter with

styrofoam bead media

) TAN con.
TAN con. inlet
HLR s outlet ATR VTR
blOfﬂter blOfllter ATR/Inlet con.
3. 2.4 -1 11 k Pt (g TAN-m™ (¢ TAN-m3
(m m “-hr ) (mg L ) (mg L ) bead_day—l) bead_day—l)
12.7 (H1) 2.28+1.02° 1.03+0.75° 0.40+0.15" 418+157 0.17
254 (H2) 1.79+0.77° 1.13+0.55° 0.42+0.17° 438+173° 0.23
38.2 (H3) 1.46+0.71° 1.02+0.50P 0.43+0.22° 440+222P 0.29
50.9 (H4) 0.84+0.51¢ 0.50+0.39¢ 0.44+0.28" 455+286P 0.52
63.6 (H5) 1.82+0.78P 1.49+0.62° 0.54+0.232 553+2372 0.28
P 0.000 0.000 0.000 0.000
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M-1-1}. £ 848 $ad Be 454 qhze ofday d2

¥E W5 % A3 o}AMA Ak AVEE

el Fepakel ik Td7e] dd A= Table 59l YERW LT 127
(H1), 25.4 (H2), 38.2 (H3), 50.9 (H4), 63.6 (H5) m’*m *hr'e] 7} gt
M A xR Soles Fdae e opEAd Ao Hdt ek
= 7hz} 262.23+13.56, 257.06£8.71, 5.11+2.12, 1.30£0.53, 1.63+0.81 mg-L '}
261.57+5.46, 255.39+6.55, 5.3142.26, 1.22+0.57, 1.52+0.78 mg-L'2 tEl%t
ATt wiEFY otdAAd H4 Fateke H3, H4, H5 A3 TolA 79
gk ztol7b gl oy H1¥ H2 Aol A o2 A9k vaste] f2]3H
= Aoz YERrh(P<0.05).

Azt ofHAAE HA HEEE ANRI VNRY #2722 1.93+2.13,
1.66+3.17, 0.31+0.23, 0.46+0.32, 0.63#0.42 g NO,-N-m “bead-day "<}
1,996+2,210, 1,720+3,277, 320+238, 478+329, 655+436 g NO.-N-m’bead-day
T2 HIY H2 F A@Te] fod zelE: dERA @k o rhP>0.05)
H3, H4, H5 A@7-¢k wlalstoe] fFofshA =2 dedEE ety
(P<0.05).

7 AR x2RA FYT

(ANR/inlet concentration) A2 A3} Z+z} 0.007, 0.006, 0 0
H 2 H4¢F HS 2879 79 W ofdAid Adassrt ddoe 8531
H49}F H5 2@ FoA =2 559 ofdid A&7 AA 7Fsd o= 1

B
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Table 5. Effect of hydraulic loading rate on NO ,-N concentration in inlet and outlet water, areal NO »—N

conversion rate (ANR), volumetric NO »,-N conversion rate (VNR) and ANR/Inlet conversion rate of

trickling filter with styrofoam bead media

NO> -N con. NO> =N con.
HLR inlet outlet ANR VNR
biofilter biofilter ANR/Inlet con.
3. 211 ! -1 (g TAN-m™ (g TAN-m™
(m m “-hr ) (mg L ) (mg L ) bead_day—l) bead_day—l)
12.7 (H1) 262+13.5 261+5.46 1.93+2.13? 1,996+2,210° 0.007
25.4 (H2) 257+8.71P 255+6.55" 1.66+3.17° 1,720+3.277° 0.006
38.2 (H3) 511+2.12° 5.31+2.96° 0.31+0.23" 3204238 0.06
50.9 (H4) 1.30+0.53¢ 1.22+0.574 0.46+0.32" A78+329P 0.35
63.6 (H5) 1.63+0.81°¢ 1.52+0.78¢ 0.63+0.42P 655+436° 0.38
P 0.000 0.000 0.000 0.000
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FE|gtA Fatake] gk 7dzte] AFAINE Table 66 WEFUISATE 12,7
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A A AdaxE EooE FYFet wME FENE e 47
7.73£0.40, 7.59+0.27, 7.58+0.35, 7.54+0.28, 7.49+0.26 mg-L'¢} 3.09+0.28,
5.61+0.33, 5.76£0.35, 5.25+0.47, 651+052 mg-L'2 eyttt A& A3 57)
AFT F9F U £&8444E e 4 AP F98 Aolrt AT
(P>0.05). 18y 2 AP FolA wjESF Ul §E4ne gy F3ao)
S7HetAA EolA = A FS HEI .

A7t £4F A2 REFOCR)S 27 1,276+161, 1,396+201, 1,823+291,
1,155+232, 1,317+411 g DO-m °bead:day '& v}E}wtth H3 A& Fol A 714
S ARTFS YEY T H4 AF TN 7 we ARFS YETh

zkzkel  C/NH] 279X TANS AsA7l=d AREHE Abhe <
(OCR/VTR)S #A4sk Ast 7zt 3.05, 3.18, 4.14, 253, 2.38% Ebykth. H3
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Aol pH, 72, dikel e dyt
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S Table 79 Yeldch 423 57 Ag+ 25 pH,

=

Fatsol e Folgt ApolE HolA| @toen 7] Hx= HAT pH,
T, A= ®eelA ZA Bl uA] gkt
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Table 6. Effect of hydraulic loading rate on DO concentration in inlet and outlet water, oxygen consumption rate
(OCR) and OCR/VTR conversion rate of trickling filter with styrofoam bead media

DO con. inlet DO con. outlet

HLR biofilter biofilter OCR OCR/VTR
(m*m™hr™) (mg-L™) (mg-L™") égagga;n—zi

12.7 (H1) 7.73+0.40 3.90+0.28¢ 1,276+161" 3.05
254 (H2) 7.59+0.27 5.61+0.33" 1,396+201" 3.18
38.2 (H3) 7.58+0.35 5.76+0.35 1,823+291° 4.14
50.9 (H4) 7.54+0.28 5.25%0. 48 1,155+232¢ 2.93
63.6 (H5) 7.49+0.26 6.51+0.52° 1,317+411" 2.38

P 0.159 0.000 0.000
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Table 7. Water quality by different hydraulic loading rate

HLR temp. sal.
pH

(m*m™hr™) (C) (ppt)
12.7 (H1) 8.06+0.15 25.7x0.7 29.43+0.53
254 (H2) 8.08+0.18 R552:0.7 29.71+0.49
38.2 (H3) 8.07+0.16 o i=0.7 29.43+0.53
50.9 (H4) 8.06+0.15 25.6+0.8 29.57+0.53
63.6 (H5) 8.08+0.15 25.60.7 29.57+0.53

P 0.977 0.895 0.473
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III-2. C/NH| | W& A2 o3z AAs §&

-2-7}, C/NWle] §2 4%
Azt FE o A

j
-

C/Nulo| thgh 7d7ke] A@A¥3E Table 8 WeERA T C/NH] 0 (Cl),
3 (C2), 6 (C3), 12 (C4), 24 (C5)9] 7 HA7olM d2 oJizm 598

s

Fde wiES9 TAN HysE% ZH7 0322014, 0.26+0.21,
0.25£0.16, 0.27+0.15, 0.27+0.18 mg-L™'¢} 0.04+0.06, 0.12+0.14, 0.15%0.10,
0.18%.14, 0.21£0.20 mg-L'2 Yepgtth A A3 57 Aol Fd4 Ul
dryole] TEE HAFoR e FFoR 57 HAPFI Fod ol &
e A &ohP>0.05). 28 =2 W TAN H%% C/NH 7} =713
of we} F7rete A &S YER A THP<0.05).

A7+ TAN ATR¥ VTR #e 77} 051+0.22, 0.20+0.14,
0.17+0.09, 0.12+0.10, 0.12+0.08 g TAN-m “bead-day "¢} 525+224, 203+145,

oot

2
riol

H

Ea
==

139464, 128+108, 128492 g TAN-m“bead-day ' C1 A& Fo|A t}2 47)
o AFFE=3 Huwste] FostA %S TAN HAdEHE=E depdd
(P<0.05).

23 =AM FYdF sET A 7bed TAN FX=(ATR/inlet
concentration) AAF A3} zFzF 159, 0.76, 068, 0.44, 0442 C1¥ wj 713

=2 AAZFS HERHSAT

_22_



Table 8. Effect of C/N ratios on TAN concentration in inlet and outlet water, areal TAN conversion rate (ATR),
volumetric TAN conversion rate (VTR) and ANR/Inlet conversion rate of trickling filter with styrofoam bead

media

TAN con. inlet TAN con. outlet

. o ATR VTR
C/N biofilter biofilter - 3 ATR/Inlet con.
-1 o7 B (g TAN-m, (g TAN'm~
(mg-L™) (mg-L™) bead-day ™) bead-day™!)
0 (Cl) 0.32+0.14 0.04+0.06° 0.51+0.22% 525+224% 1.59
3 (C2) 0.26+0.21 0.12+0.14° 0.20+0.14° 203+145P 0.76
6 (C3) 0.25+0.16 0.15+0.10% 0.17+0.09" 139+64° 0.68
12 (C4) 0.27+0.15 0.18+0.142" 0.12+0.10° 128+108" 0.44
24 (ChH) 0.27+0.18 0.21+0.20% 0.12+0.08" 128+92° 0.44
P 0.840 0.000 0.000 0.000
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III-2-4. C/NH] o] & &4 g7z ofdAiy A4 & W

2 Az ol AAY Ah ABEE

T

C/N Hlol gt 7d7te] AgdAnE Table 991 YeERASAT. C/NHl 0
(C1), 3 (C2), 6 (C3), 12 (C4), 24 (C5)2] 7z} Ag oM ofnzz E9+=
FAFet wEFY ofHAd Ao HdwEE 7H7E 0904046, 1.06+0.37,
73.46£19.03, 84.55+22.78, 89.25+18.35 mg-L7'¢ 0.81x0.43, 1.03+0.34,
72.65+21.30, 82.64+23.12, 89.25+20.47 mg-L'& uelyith A A3 C/NH]

b Eg ok fASsk MES W obA Wil Rk BobE 4

AAE Aa7 SHAHE AerE e

A7 opAAAHd AA HIAEE ANRI VNRY #e zhz 0.63+0.35,
0.09£0.15, 3.04+3.69, 3.71£7.41, 2.92+873 g TAN-m “bead-day "¢} 650+369,
91156, 3,140+3,817, 3,838+7,667, 1,873+9,212 ¢ TAN-m*bead-day '& U3t
obdAA Ai HAFELE /N 2o wat f9 3 Zols Yehhdy
(P<0.05).

7 3%

FN

Ao A

ins
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$EY AA bed obaay Ak

T A

H

Lo

=
o

do

(ANR/inlet concentration) Al A3} Z+7zF 0.7, 0.08, 0.04, 0.04, 0.032=2 C
A o M =2 AAZFEES YERA AT
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Table 9. Effect of C/N ratios on NO »-N concentration in inlet and outlet water, areal NO 3-N conversion rate (ANR),

volumetric NO »-N conversion rate (VNR) and ANR/Inlet conversion rate of trickling filter with styrofoam

bead media
NO> -N con. NO> =N con.
inlet outlet ANR VNR
C/N biofilter biofilter ANR/Inlet con.
o ) (g TAN-m™ (¢ TAN'-m™®
(mg-L™) (mg-L™) bead-day™) bead-day™!)
0 (C1) 0.90+0.46° 0.81+0.43¢ 0.63+0.35" 650+369% 0.7
3 (C2) 1.06+0.37¢ 1.03+0.34¢ 0.09+0.15" 91+156° 0.08
6 (C3) 73.46+19.03° 72.65+21.30P 3.04+3.69%" 3,140+3 817 0.04
12 (C4) 84.55+22.78 82.64+23.122 3.71+7.412 3,838+7,667° 0.04
24 (C5) 89.25+18.35 86.44+20.47° 2.92+8.73 1,873+9,212%¢ 0.03
P 0.000 0.000 0.048 0.000
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C/NHlol thak 7U7te] AP A3Z Table 1001 YEFHAT. C/NH] 0
(C1), 3 (C2), 6 (C3), 12 (C4), 24 (C5)9 7} AFFolA A2 oAfx=
Eoj0E FUFe wMESe 2L FEe 47 797016, 8.20+0.14,
8.13+0.13, 8.06+0.15, 7.97+0.16 mg-L™'¢} 6.58+0.20, 7.24+0.26, 7.32+0.33,
7.3040.15, 7.70+0.19 mg-L™'2 yelytth 2d43 57 AP F45 W &
A e 4 AdFe F9F AolE e A THEP<0.05).

A7F EA T ALAWTOCR)S 27 1,854+376, 1,288+387, 1,085+420,
1,009£191, 355324 g DO-m“bead-day '& velutty. OCRS ClolA 7b3
I Chell A 74 BHAl vEbs o C/NH| 7L S7tshel wheh fofshAl Zha
4 3e YER ATHP<0.05).
7}7ke]  C/NH]  Z=hdeA TANS AsiA7|ed 2EEHe= Atk &
(OCR/VTR)S A4tsE A3} 2k 353, 6.34, 7.80, 7.88, 2772 UElstt} C3
B C4ol A e A AHEHS JETH

Hir

ol
rr

—

TA7re] ARV wt SAR A4 AP pH, 7, dxol I He
#t= Table 11°] Wetiier. 423 24 A9 pH Hdg2 A3

o ol Aol EIRem (P<005), &, FxEel dadE A8TF
Frol@ Aol vhERRA 8 krh(P>0.05).
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Table 10. Effect of C/N ratios on DO concentration in inlet and outlet water, oxygen consumption rate (OCR) and

OCR/VTR conversion rate of trickling filter with styrofoam bead media

DO con. inlet DO con. outlet
biofil biofil OCR
C/N 1011lter 1011lter OCR/VTR
7 -1 7 -1 (g TAN'm_B
(mg L ) (mg L ) bead_day—l)
0 (C1) 7.97+0.16° 6.58+0.20° 1,854+376% 3.53
3 (C2) 8.20+0.142 7.24+0.26" 1,288J_r387]D 6.34
6 (C3) 8.13+0.13% 7.32+0.33" 1,085i420]OC 7.80
12 (C4) 8.06+0.15™ 7.30+0.15P 1,009+191°¢ 7.88
24 (C5) 7.97+0.16° 7.70+0.19° 355+324¢ 2.77
P 0.000 0.000 0.000
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Table 11. Water quality by different C/N ratios

temp. sal.
C/N pH
(C) (psu)
0 (CD) 8.06+0.08° 25.14+0.17 29.8+(.38
3 (C2) 8.18+0.13¢ 25.07+0.26 30.0+0.00
6 (C3) 8.24+0.13° 25.12+0.20 30.0+0.00
12 (C4) 8.46+0.03" 25.15+0.28 30.0+0.00
24 (Ch) 8.37+0.07° 25.07+0.23 30.0+0.00
P 0.000 0.649 0.423
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ZF A3 2HoAM Fdg w=TF A 73 TANI ofdiHd da 7
oA Z& Aol7k A #EHASH, C29
C39] A3 zHolAe & zole AA &2 FHeo] #AEHJL o= C/N
H] 7} 0ol A 12 Z7he wf ZAbsl g8&0] 45% 7Hasta C/NH| 104 2=
Z718 u) dakst E&0) 7% HATrtn B33 Zhu and Chen, (2002)9]
Aol vzt 2 Ao E C/NHZE e A3 21 7 && A
ol A yEbd WA C2 2 ol AP AAikst 28 Aole =
A veEbA] eFgktl. Chen et al. (2006)2] 3ol = C/NH] 3 o] =3
oM e] Aist g8 & Aol7 YEYA v EaEAT
C/NuJol| tfgt d4tst &9 7F 23 TANA ofdAAd A4 BF C/NH|
7V ST E G280l At He AS Ao, ofdbd i A
TAN| 3 C/Nulel gt d3FS o e Aoz Yot C/NH7L
ST E SEASNAEL DA A EY] Y Ak A
Arrst m A& FHad wep dikst 3ol A tH(Boller et al, 1994
Ohashi et al., 1995). Okabe et al. (1996)= <= +& C/NH7F =&

Ahsh dbElElobe] A A QAT AAkskg AlZke] dojA= A wA

HJO
BN

st gt 3 ES F& Hauw uwpel o] @ A xE(Bovendeur,

1989; Zhu and Chen, 2001; Crab et al., 2007; Jeong et al., 2009)& F3&

3 C/NWE 3 vimon 2 §Ado} dx uwuadd Asd e
C/NHIE A8 Aol ARSA oHxE o] &7 EA FiE W
9% =dolet Az,

Seetd yahee] uf

2 A8 2eWt A1 BA A5 wWE5
=
o

Hlolsls UAbE olgele] 57 AT mel AgE vl §EAA



Al AT aH Y CO/NR| AF 2304 ofaed sAd3d F
Clel =4 o v £&44 v5E 8 mgL'olgler €59 =4 9 o &
TAE FEE 2 mg L2 UEhgTh 2o Abgx ) §248 ¥ EE ON
H| 7} S 74kl whel 743F9 Th Schoberl and Engel (1964)9] =& olA &

E224 2 mg-LlA A glo] AAbst whgo] dojyiviu ®H skt
Knowles et al. (1965)% Nitrobacters &&24k4 4 mg-Llo]stoll A AAE
o a7t wig- WAt A vEbd il ® skl 0w, Zhu and Chen (2002)

of oshdl AR EAE ARG a4 AdHE 4 BEo] B

S B a7y o= HAkst 2 &HIIE N Ps thE £ E(Sharma et
al., 1997; Choi et al.,, 1999; Zhu and Chen, 2002; Park et al., 2004; Park et
al., 2013)oll A HAkstel] @3S FA ¥ &AL W E3E= A

Z sAldl Adsta A 7 A SEHEE HEE A oz
of Az o] &ttt Al o] &3 AE|EF HE== H[ T o] Yol Eo
o~
T

A m=7] w4
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Nijhof and Arnold, 1998; Nijhof and Bovendeur, 1990). o]} wj &g X

ol o} F /b4 gk a3 xdol dlvh A WAZ AGH F2b ol
A A ndge] A4S 9% I FRE e w9 WAY ew B
o EWAS AFSE doln, F WAR vz vy ¥AE 8 24

A7) olAe] o3 mjA S AEd= A o|th(Wheaton et al., 1991). o] 3}wj &
2AA B EEAS TIA7IH 580 Foj50] AT 7

sl wAZE AT (Park, 2005). ©ol#Fk ol & A Aixde F=
7 FEfel o Ho] ARG o] skt o2 gk FEje] of
a7l flide A Adx el o3eids uAstr] 9%
Hro A5 de7 3l Eding (20060) =2 ey HuiF e o
S AR sk ol = Y st ek of Fuj e FEjol] wiih A

_4

of offm v el o wde S olvz U £F/b Qe s=
2 2w ool w3l sbsAoe] o A7 WjEo® B gtk AulA o
= oujde Azsden Baiolojof s, segom gAY w

710k shch(Park, 2005).
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Aot A w7l destth 2y AA SFHAAA mdE BAF
o 7kl wme Zis 5 St @AV & ¢ Ah(Fred
Wheaton et al,, 1994). A=92> oAFmjde] g P44 vA=2] HoA
243 1O FERZ AR duh(Park et al, 2013). A4 AL of 3}

WAl Ewel FHE BT FF Guuel R Wavt AEF] G
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3t} (Ohashi, 1995; Leonard et al., 2001; Matsumoto et al., 2007; Nogueira

et al., 2002).
IukH o7 FEHPGYMAES SHIEAE vl on =2 AFEE

H
2 Bolw AE TS 2-3u) =rha dejx Advh(Ling and Chen, 2005;
Gray and Lim, 1980). Matsumoto et al. (2007)= ZHAMs} w|AJ&Eo] F49

% v Eze] A4 Lol DOFEIL e AR B EAGR 3}

o

o F71E FebrE =& 2eA HAks 582 At (Andersson et al,
1994; Boller et al., 1994). =, C/NH|7} iAoz g2 M= 5HY
nAEo] 915 Hd ¢ JAT C/NuZE =& 27 AEEEH ofi)

W ESgdul e S8 Wl Hol ANS EEe #Hxd
(Lomax, 1976;. Michaud et al., 2006; Kang et al., 2009). Ohashi et al.
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AL ARG Rusitt SEIEr A=l o3 Ads g8 Hae

NHE BE AAEC] £BABFHALINN F712 AAS FLAS

o2
i

BN

kY

s

L Lo

g tH(Peng and Jo, 2003; Ling and Chen, 2005; Rejish kumar, et al.,
2014).
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2 4#A AH(Crab et al. 2007).
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