RE IR RS: 2025,45(11): 6137~6145 China Environmental Science

BB, TR 58,5 Ag/ A SRS IR LI SRS PR S IR ER R BRI RE ST ST (D). TR EEREERL, 2025,45(11):6137-6145.
Liao C, Yu L F, Cao W, et al. Effect of 44/4; on internal recycle ratioofmixed liquor and nitrogen removal performance in an airlift transverse internal loop
reactor [J]. China Environmental Science, 2025,45(11):6137-6145.

AJA, FES BN N1 B NEEIR R M 25
T4 RESZ A 5=

*

B I Ul me i g LEUD IR AR Y (L e R KRR b T RSB B 5% 710055
2. BT T BRI e FR 5TAT A FL LT B 210008)

BaRABEREEERER

TE: R — PR RIS I B 1) YRR SN 3 (ATIR)EAT B 175 /K A= I U T, % 58 4 B[] (6 B X/ LT R FR T T LU AB (A/ A0 % ATIR
VAV P AR L 5 1 TR R PR s i 45 AL 3 B ATIR ) F RSB e T LA S i AR FA LE(52~176). 75 Ag/A: 9 1:1.5,HRT 2 9h I, tH7K @ &0 (8.12 + 1.21)
mg/L. 5 0 P G P AR AR LG ATIR 7 1 Ao/ A, I BESCR AR T 27.5%, W0 AR £ S A 3/ 2 S H 1.31 B 0.95, WP AR #h 8 IK. 1 (NOB)~Nitrospira
2 1 3.66%% 35 0.88%. 11 HL LI ATIR [R5 (0 S L R A 511(26.77 + 2.36)%, KA A0 S A I S TR 2 3% 16.71%. H1 LT WL ATIR 15 Ag/A, M 1:1.5
I EAT VIR NOB ¥ 17, HBEZU& Bl [ T ) 26 Ja AR 10 SO .

KR BIRAIEER: mATEERLL: WREIRER: WRSER AR FDRRR AL R L

FEDES: X703 XHRFRIRAD: A XEHS: 1000-6923(2025)11-6137-09

Effect of A4/A, on internal recycle ratioofmixed liquor and nitrogen removal performance in an airlift transverse internal
loop reactor. LIAO Chi', YU Li-fang'", CAO Wan?, JIANG Rui', DAI Bu-feng?, PENG Dang-cong' (1.School of Environmental
and Municipal Engineering, Xi’an University of Architecture and Technology, Xi'an 710055, China; 2.Nanjing Municipal Design and
Research Institute Co., Ltd, Nanjing 210008, China). China Environmental Science, 2025,45(11): 6137~6145

Abstract: An airlift transverse internal loop reactor (ATIR) was operated for the treatment of synthetic municipalwastewater. The
nitrogen removal performance and internal recycle ratio of the ATIR with four different ratios of the cross-sectional areas of the
downcomer to the riser (4y4,) were investigated. The results indicated that the ATIR achieved high internal recycle ratio (52~176)
by utilizing aeration kinetic energy. The efficient nitrogen removal was obtained at an AyA, of 1:1.5 and a hydraulic retention time
(HRT) of 9h, with the effluent total nitrogen of (8.12 + 1.21) mg/L. Compared to the conventional internal recycle mode, the ATIR at
this 444, demonstrated a 27.5% reduction in aeration rate. Furthermore, the ratio of specific nitrite utilization rate to specific
ammonia utilization rate decreased from 1.31 to 0.95 and the abundance of nitrite-oxidizing bacteria (NOB-Nitrospira) decreased
from 3.66% to 0.88%. Meanwhile, the simultaneous nitrification-denitrification efficiency increased to 26.77%, and the contribution
of partial nitrification and denitrification to nitrogen removal corresponding increased to 16.71%. These indicate that spontaneous
nitrite-oxidizing bacteria washout in the ATIR had occurred and the nitrogen removal pathway at an 4yA4, of 1.5 tends towards
simultaneous partial nitrification and denitrification.

Key words: transverse internal loop; high internal recycle ratio; nitrite; NOB; simultaneous partial nitrification and denitrification
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R A A TN AR VR AR T R A g
KB IR WA IR [ N 4R (ATIR), JFl ik CFD #idil
RISEIH AU W], ATIR ] LUF F RS 3h RESL IR &
W= G B EL I AT AR TR B 38 (Aye/ ) RG] B 232
(hoe/ )Yl 10%IF ATIR HA B4 (0 Uk E O 4%
1M, B XS T DX G 1 LG AR (Aa/A,) 72 5% i <
TR N #8SCE Z6, T AR BN ) 2R I Ak TR I
Sk Y AR, T AdA, T ATIR -5 A IEFR
YR T SRR LA 10 5% 10 1 A 1D A

Rl ASHF ST £F ATIR A A4 23 DU Fb AN [A] 1)
AgA; WWE, B ANIRIREG . DhRERVE . ORI
P K A0 AL SIS AL (SND) SR AGHR bR AR A J A, €
NI A/ A% ATIR PIAIEERREE 5 10 0L 4 52
DUIYT A 95 7K A T (1 JEUAE T 1 (3t B A8 4 4 A
ARCHE.

1 MR57E%

1.1 RELEE 5B

ATIR N s &5 1 Fros, )R 0.30m K
x0.20m FEx0.60m {5, R RN 30138 i 7 [ W 4
Hh ]I N SRR s N 2% 23 A TR R B IX,
TR T AR B SE AR Ad/Ae A5 o/l T
ooy 3324 10%. b T DR 22 e Pl FL IR A 7 R
B AE RN B 22 M HES) IR A AL ETHIX 5 TR BEIX
Z AR B ATIR 7E3ESR AR N84T, 7K &
4 80L/d, HRT 4y Oh, i J& 4 (20+1) °C;v5 e {5 B i [1)
h 20d BAKIZAT AR 1 PR

! O 3T

A

S FIR IR
.30m

Bl 1 ATIR R MR
Fig.1 Schematic diagram of ATIR

S N s 1t 7K SR N T E o) PR A 40 3k i 5 K

COD W J¥ 4(313.67£12.81) mg/L(A] ¥R T K
ZaN=7:3,L4 COD #1),NH, N ¥ & 4 (40.33+0.53)
mg/L(NH,CI), 2 At 7K T 4143 W1 K :35mg/L. KH,PO,.
5mg/L FeSO4-7H,0, 600mg/L NaHCO; DA X 0.2mg/L
TR TG B kB T R R AR o) ISR [9].

£ 1 ATIR BEITSH

Table 1 Operational procedures of the ATIR
TR Fesg 184714 VeIl b
W u WAE i F(d) EIBAT o /A &1 M
LN (d (%)
I WIAIEIR  1~24 3~24 1:1 200
II 25~83 45~83 1:1 100
I . 84~107 87~ 107 1:2 100
R A EER
IV 108 ~133 112~133 2:1 100
\4 134 ~239 140 ~239 1:1.5 100

TE IS AT B A P B30 I AN T LR A A 9 38

1.2 R 5iHE
121 W28 NH,-N. NO, N,
NO; -N. TN. COD. MLSS il MLVSS H4fbrifk
DRI A AR (DO) ST WS 7 A 4 s i 4L 1%
(HQ30d, HACH)M & ,pH {H X H pH I (FE-20,
Mettler—Toledo)illl 5E .
122 DIREwE IS TR G BE NG ME 2 A IS T
(SAUR). WAL #h 501G PE(SNUR) AR #hid 5t
T PE(NARR) AP A 2 353 J5 v P (NIRR) Ml & 5 v2:
ZCCER[11]3E PESE 5 378 20°C R kT

SR JH R 75 B o S BRI Al s o), 0 J 1
TEH T2 N4 (Amo) . AR +h %8010 IE 5 i
(Nxr). 1% £h 34 J5 fl (Nar) A0 IV A R 26 348 TR 1§ (Nir)
T P00 S, R AU 5 9 2 I SR [ 13— 14 i v 12 5
Y34E 30°C NHET

K Pearson AHOC R F0UT 5 i b v MR DG B
B I 2 TRl AR e, 24 P /N T 0.05 I IAH HAT
e VIS
1.2.3 SNDEJE MBI~V iEiaiT HiEcE 10,
50,90,120 A1 200d), A ATIR F B H 3 15 g, LA
4000r/min % 78 B25.0 Smin, 35 2 F3E 0 H 40K VE 3
IR 5 A 250mL HE 5 B4, A
200mL Fit /K, Bc K # COD(100mg/L) . NH,-N
(20mg/L)HA1 NO5 -N (20mg/L), pH 1E I & 7.4, 1% )i i
b AR T A3 0 % B DO YR FE
0.1,0.5,1.0,1.5,2.0mg/L. ¥ %5 3 N 18 i 4k 3 4%
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(20°C,120r/min), 2 )3 i ] 60min, 1A 5ER% 10min B
—URFEFFINE NH, N NO, -N 1 NO; -N [k JiZ.
SND R(R)FI_LFFX 35 SND (R )43 R4 28(1)
Pty 5

AC(NO;-N) + AC(NO;-N)

R=(1- ACINIE ) x100 (1)
= ZR(DOV) -V, (DO) @

L HACINO, -N)A T JE NO» N FE 14
#,mg/L;ACNO; ~N)A VR 5 NOy —N B2 1) 3
I mg/L;AC(NH, —N) Ky )X BT G NH, N iR ¥
M98 fme/L; Vo A EFHX BAARLL; R(DO)AAH
I DO ¥R JE T[] SND #,%; V(DO) KX} DO 7E I
FHRX P o AR L.
124 WY RSN G Je R B 2
10,50,90,120 1 200d, 3 T-—20°Cfifi f£.Illumina Miseq
e 0 P i B AR R A R A R SR
REFRHIER 514 515F(5'-GTGCCAGCMGC-
CGCGGTAA-3)HI % 7] 514 806R(5'-GGACTAC-
HVGGTWTCTAAT-3)¥ H#E i 18 16S rRNA A
() VA4 D8, FAARIN Y J7 32 W SCHER[15].
1.2.5 A (DWIEHR LT

Ad/A, &5 ATIR AR IR EZE A IR L IR OC
B SOV A NTEIA L E SO ETHX SR
DX 2 1) 14y A B 07 1 15 IO 2 11 LA O AR 2
K@) AT

U,Ar
R = o (3)

A AR A WA LG Uy ok BT X 3R m/s; A, 4
TR AR A m?y IR S 8T T A AR R 1 B
111, %; Qo I3 8 FRIRE 7K #,3.33 L/,

Uy IR IEARISR AT AR 20 (4)~(8)REA T A

| 2ghy(e,-¢)

Ulr - (4)
A 1
\/KB(Ad) (I1-¢)
K, =1 1.402(i)°-78" (5)

b

U

& = £ 6
" 0.24+135U, +U,)"" ©

g, =0.8%¢, @)

9
U, == 8
o=y ®

b eg 5 I /s hp RS B
mie, A BT S A N P BRI 53K NI
TE R B PEERBR R Ag N T BRI RS AT
FLm* 4, h NI B TR A iR, m?; Uy, 2
L TFX M mYs; O, S B m s

()28 A/O TRA RT3 7K I3 45 B BRI (T)

TR 2 309 AT o 5
B
S HRT A2 5N 45 17K 45 B ) 1), 9hs Ry A2 A 1 34
L.

€)E-R R

ATIR R T 22 82 . WAHIR R4
10 BHBRER IR J5 . VAR AR J5 DA% [l b 25 AR % I
R K ERE . COD W DL A 1t v Ve HE T
BT RT3 A,

)

2 HR5WE

2.1 ATIR RN+ A s 5ia TRt
211 RNMERHEHKKR RN K IS AT R fE
W 2 PR s AT R 5 ANEr BB T
AR B B T~V A ) O RS T 2(a)
A G0, N gz TIA] COD R R E,CoD
HE 7K M Dl (11.7845.86) mg/L, COD % [ %k
(96.28+1.79)%. Ut FIVR A WG P U6 COD [ 25 B
yRTES A

HH ] 2(b)FH I 2(c) rl S0, 2B B T, S Y g 7 1
S 0(0.8+0.02) L/min ({145 Fig4T, K NH, N
W M (1.3120.50) mg/L, 7K TN Jy(11.83+1.31)
mg/L, TN 25 B % 4y (70.97+3.27)%. 16 A% Ty i i) Y
PRI, 1 B A = B R R T R B X
(B S8 FR 85, K NOs-N Wk B 28 21d 19
10.87mg/L i ETF2I%5 22d () 21.40mg/L. 2 5 B¢
IR 28 Wl L AL TR R AR SR (7K NH N3
JEE<Smg/L). B A5 B I 75 % B B R e is AT i,
BBt VB EUME R SR A, L HZK NH, N 9S50 (1.89+
1.31) mg/L, /K TN Jj(7.98+1.71) mg/L,TN 5%
}(80.22+4.18)%, T T 27.5%([FIFEL T 4H
L), ATIR FRGEH KK Tl 2 (BT KA 2] ) V5 G
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WHEBFREY (GB18918-2002)M M —2% A FRifk.iX
i) ATIR 75 Ad/d, N 1:1.5 ISk, AT DAZE S < R
[ s E A0 e ) i R R

(a) COD —=—COD,; —+—COD,; —— COD %%

R I e R TR S A i s
3501 : : i o
%300 MMW s

1 3]
E250f el 60 &
{&(200 | LUVL LU 12/ 2:00V 1:1.5/V ke
1 I | I
3 a
8 1501 : Ioee ! 40 S
o0t Rk e |5
sol Vg
i
0 padias : =1\
(b) NH,*-N. NO,-NK&IE<&

50 1 I | 1 1 2
45L‘ A At o 1.0
.40 AP Rn g ists. o P2t |0
%1,, 35t | ——NH, N, —o—INH, Ny 0.8 E

: :

E30r | ——NO, N, +—=—INO,-N,; R )
?é( 25} ! 0.6 g
P> 20_
K 1ol 0.4

104"

5 L

-

%1 . 1 1 e o A
il L"y"*’w-..ﬂj L iy 120
I I I ""
| " " i =3 L L L " "
00 20 40 60 80 100 120 140 160 180 200 220 24
IS [ (d)

2 ATIR [ Mgisq ke
Fig.2 The operational performance of the ATIR

212 AEARLL B 3 ASER AyA R AR
EE (Ry) 11 5% 1) AR 5 2C(3) AT 601, 38 ik 45 By BEAS [) <
ZATF MRS R T NIRRT AN Ry
H.45 R R AEAH R Ag/Ae 564F T Ry B
S i v 2 MR R R AN SN Ry B Ao/, 98D
1M FEAIG. ATIR 3247 W1H) & B B i i R i an 36 2 i
TN RUAE Ag/dy ) 1:2~2:1 A F] 52~176,i 7T (%
HNHEK BT FRUE N (GB50014-2021) 2044 48 A/O B,
AYO T E 100%~400% FRIHELE A1 EL.

BRI Ry T LABR SR A N A A R (R
BN LT DX CUF A58 ) i) I B2 DX (R AL R 5 ) PRkt
AP 1E ATIR PRI Z 2% A/0 R4 PLARER(9)
TR RN AL AJO TRV T340 7K D45 B e T) DA

B BT (4 3h 4% BB 1TV 1) 0.06~0.16h.3X Ffrbk
T A/O Y AT LL LB NO, —N B4 IR B 675 3]
B A B B AS NO, N g HE— 2D & Ak, 1T e 3E
NO, ~N 75 R BRI [ S A A 34 i 32 e i SR A5
FHZ AJO TR ZK 745 B I TR 58 B s A
X BT 5 14 o B 1) U O 4 SR S A ot R e k4T
Uk A o v 1 PR A A T R 2 PR 75 AR S A Tk
AR AR,

210

fEFRLE

K3 AgA AR Ry (K520
Fig.3 Effect of A4/A, and aeration rate on the R,

R 2 ATIR FIHHHE
Table 2 Flow field characteristics of ATIR

Ugr Uy Ql r
Ad/Ar _a A Rl
(10%mis)  (10°m/s)  (L/h) (%)
2:1 0.54 15.92 1146.50 51.15 176
1:1 0.31 6.87 742.46 49.11 109
1:1.5 0.27 4.68 606.87 41.07 75
1:2 0.25 3.71 534.39 32.31 52
2.1.3  ThREWEVE B YE AT (DA A A

TEACERG I I 4 T, 2 BN A MCES B P 1 20
(B Be DFA AR WIEEA (T B 1D))5,SAUR fREF
FIXFa5E ,SNUR M (13.26+0.17) mg N/(g VSS-h)[%
% (11.41£0.35) mg N/(g VSS-h), SNUR/SAUR M
(1.31% 0.05) % %3(1.05+0.07). ZE B B TI~V F1. Ag/A, 1)
802 9/ A A0 AT (1) A A7 25 ) BRI A vt .
1, SAUR 5 Ay/A, 583 7 K (-=-0.987,P<0.05),
SNUR Y5 Ay/A, Z 181K KB 25 AH 5% (7=0.819,P>
0.05). 1593 = 1 /&, SNUR/SAUR {E[r Bt V B 5%
/IMEL(0.95+0.04), 7F — & F2 & L HI 59 T Ak f2
NO, -N #| NO; -N Hyefb. &1 5 i ATIR T
PG AL S AL I DT R R IE 16.71%.
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Amo FI Nxr sEAf 6k B2 fr) < s A0 i, S rh
Amo AL AL hy F28k Nxr AL AR Eh #5140 Ay
R % Amo WETE S SAUR 2 3 iF M XK (=
0.963, P<0.05),Nxr yfPE5 SNUR 2183 [IEAH K (=
0.941, P<0.05), Nxr/Amo 5 SNUR/SAUR % i} % I
HI2K(r=0.966, P<0.05).7EFTEB: I~V 1,Amo 35t 5
AdA, BB FETHI TG =-0.955,P<0.05),1 Nxr i% 1
5 Aga. B % TR 5] (7=0.034,P>0.05), 3 H.
Nxr/Amo 7ERY B V HUAR T 5 /ME(16.86+0.94).

d (a) SAUR. SNURJZSNUR/SAUR

- 2.0
[ SAUR: N\_JSNUR —— SAUR/SNUR
: 5
15F S f
= — 7 15
= :
o 12 : i 2 5
= Z 7 i = <
Z 9r : = 11.0%
b : 2
E i 5
#H gl : é
s :
105
3 F
: 0.0
1:11 1:1/11 1:2/111 2:11V 1:1.5/V
(b) Amo. Nor/zNor/Amo
1.0 20 40

[Z] Amo Nor —e— Nor/Amo

_ 08} : . "
= 1 V: 15273
ZE X f £
£ 06— \ j [ yg z o
% : I £
£ 5 7 ? QE- 102120 <
% 04 % 3| 2
i g
g 5
15 z410
T 02f
0.0 : o o
B BU 1:2/111 21V

1:1.5/V

P4 ANIRIBI B Ao v A R T P P A2 £
Fig.4 Variation of nitrifying activity and key enzymatic
activity at different phases

Q) AHIEYER S LB R E d S(a)nl %,
N2 ES I (B B 1% 45 214 m) P AIEER (B
B ID)JE NARR G % 7 7, NIRR M\(4.19+0.14) mg
N/(gVSS - h) 1 fin 3] (4.68+0.21) mg N/(g VSS -
h),NIRR/NARR M (0.61+0.04)3# i1 51](0.68+0.03).7F
BB I~V 1, Ad/A, TR S 30 X K 15/
IS T) 8 DT A ) T 42 T SO A6 T NARR 5
Ay A, 5B IEAI%(=0.993, P<0.01), NIRR L 44/4,
KR DL M 55 M (7=0.459, P>0.05). {8 13 7F =1
JENIRR/NARR 7ERYEE V ik 2 55 KA (0.7240.04).
X E W] ATIR 7F Ag/A, Jy 1:1.5 o] LAFE—E R 1

HIl 55 A R NOs -N 2] NO, -N %A
Nar FI1 Nir A2 A pb o B2 (10 G B S g A i, 2L

Nar fEALAYER S84 S5 A VAN IR & Nir fE40 AR 58
W5k —48 A P4 Nar 1 Nir 3% 125 fh & 398 5(b))
Lj NARR il NIRR ZZA &3 El 5(a)) AL ILH Nar
WS NARR 283 1EAH 9%(=0.980, P<0.05),Nir
WTES NIRR 2 W2 IEAHK(r=0.941,P<0.05), Nar/
Nir 5 NARR/NIRR £ {2 3 1FAH K (r=0.964, P< 0.05).
EMT B I~V 1 Nar 1G5 444, 28 EAHXK
(r=0.985,P<0.05),f] Nir i1k Ag/Ar AR E
M (7=0.623,P>0.05), 7 H. Nir/Nar 7EB Bt V I8 3
KAE(27.96+1.25).

(a) NARR. NIRR%NIRR/NARR
1 VZZINARR [N/INIRR @ NIRR/NARR

1.0
J0.38
-9
= . 7‘ )
% 3 e
©n -4
0.6
g o s U :
2l Z :
= 0.4 =
= z
L
3 (-]
H0.2
0.0
1:11 1:1/1 12 21V 115V
(b) Nar. NirNir/Nar
[/ INar NXJNir @ Nir/Nar
25 600 40
4500
20 |
= 7 = 1%
= ° =
= F 400 E
£ 15 7 7 5 TS £ 5
g 2 {300 & 20 €
= :: 9 < T = Z
g 10 \ E
= 200 £
5 =
z Z 410
5T 100
do
1:1/1 1:1/11 1210 214V 115V

Bl 5 AR B S A i PR s 1 (1 AR 4K,
Fig.5 Variation of nitrifying activity and key enzymatic

activity at different phases

2.1.4 DO 434 Je SND 3% (1) ATIR H' DO ¥ J& 43
AT A BERANR] Ad/A, 55 1F T 1 DO WSS oA A AE
I N g AN [ [ B A s 38 AT W 1), 76 K P 5 1) b BA
2cm. HEH 7] L Sem F R R S Y 28 AR
2SI DO R, P I A 2 T R A



6142 A 45 %

HEAA DO IR JE 43 43,D0 R A I B 6 B,
HH & 6(a) 1 6(b) R 51,4 5o WV gt BT B 1 5742 21| [ Bt
11 I, 76 ATIR AT b 52 00 H 0 S 1) DO o R ok Ji
SIATRFE. EFHIX ) DO WS 0.10~1.79mg/L,
SR 4(0.69+0.32)mg/L; X ) DO ¥ Ji 15
M 0.09~0.30mg/L, -4 5% 24 (0.13+0.04)mg/L. [F] B/
BCUAHLG B T T Ry T, RS B IX 2
TF) S S 25 1 2 ) 4 I 5, ELAA Ol b T X R B

82 R S R AR DX ] B I AR DX TS LR B TR e AR
X401 & 6(b)~(e) I, Ag/A: M\ 2:1 BEA 1:2 I5F, R X
T DO ¥ BE M (0.20+0.06) 4 /111 42 (0.29+0.08)
mg/L. [, X R R A X R = B 8em EFHAR
10cm.DO WK 254 SND £ 1 ek 252 & Ry
7E ATIR KL T 2 MK DO [X35(0.3~0.8mg/L),i%
AR SND [ kA o i B 1~V _ETHX AL DO X
R 5 EE 2 A 54.12%,39.51%,13.68%A11 54.47%.

(a) B 1 (b) BrExI DOWREE (mg/L)
50 4 50 1.600
45 45 1.422
40 1 -
= 0 1.244
,\I‘E 354 35
= 1.067
= 304 30 -
E 0.8889
i 25 35
B 50 0| 0.7111
15 1 151 B 0.5333
10 4 104 0.3556
5 5! 0.1778
0 T T T T T 1 0 T T T T T 1 0.000
0 5 10 15 20 25 30 0 5 1015 20 25 30
K75 1 (102m) K7 [(10%m)
(c) BrE&In (d) MrEev (e) MERV DO % (mg/L)
= 2.000
1.714
1.429
1.143
0.8571
0.5714
0.2857
0 T T T T 0 T T T { 0 T T T T 0.000

K77 181(107m)

T T T
0 5 10 15 20 25 30 0 5 10 15 20025 30 0 5 10 IS 2025 30
AKF 7 [E(102m)

KI5 (102 m)

6 ATIR AN[FF B DO B3 Aii
Fig.6 The distribution of DO concentration of the ATIRat different phases

(2) SND #: R X AT+ X ) DO W FE B B v]
7 AR AN ] PR AR 3 S AP, A i A A T R B i A
R VE SRR B 4, G AT SND iy A4,
FRAE DO W 8 B R G LK AS [ BY Be AL ATIR HEY
SV DO WE N 0.1,05,1.0,1.5 Al
2.0mg/L FEMTRE. WK 7()fR,24 DO KN
0.5mg/L I, BBt T~V (1) SND Z$5 B A3 fe KA.

ghty DO WRSEr (K 6)FIAE DO WKJE 1)

SND #(K] 7(a)), it 220 Q)R BT B I~V T
X [ SND #7371l 4 (28.48+1.23)%- (19.64+
1.97)% « (16.01£1.63)% F1 (26.77+2.36)%. [F] By B
1((3.84+0.47)%)AH EL i 0] W E ALK SND %6 i)
FITH AN AT R I B 11~V H~f-35) SND # 5
ik DO XK EE ] 5 Wl 2 1EAH 55 (,=0.959,P<0.01).
THAFERIN A Ad/A o8 1:1.5 1,SND Z38 i) [
BB SNUR 235 B#{K,SNUR/SAUR<1,IX —
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