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WE: ARAENEAEENREFIRE, BLBEEZ LR, FEAEFIER Q5°0). %
B (4°C) fuh K (20°C) XU ToM EHRET 7. 14, 21 7128de £REF, MERE
HEWEK, ZANHUERES FRERFF G TRAUBH KR LREZZEY T,
FEACHRE 28 R EA Y, AAtERA (0.16£0.10) mg/(L-h), BF&H T 25°C &4 T
t (0.08+0.09) mg/(L-h) #1-20 °C 4 44 Tt (0.01£0.09) mg/(L-h), H &, 20°CEHFLAH T
WEREZE TR FRAAAMELE, RUWBAAMER THET 99.52%, £% 28 X,
4°C TRAEWZEETHASAAMESRA (0.1940.03) mg/(L-h), THEHTF25°CHRFKMHT
# (0.10£0.05) mg/(L-h) $1—20 °C % % 4 14 T 87 (0.14+0.02) mg/(L-h). B M WE W ER T,
5 CREZAMTEAE MM, X HNERBFH A EAEH (245.92+21.51) pm 3 /) 2|
% 28 R By (148.50+9.90) um; #£ 20 °C R & T, % H O EB-FH A b (245.92+
21.51) pm ¥ K 2| (310.82+29.67) pm; 4°CRELZUT, XHWHIEMPRER LTI L
FxM. HAREKW, 4 CHRGEFETRNENLANRERE. KARX W ENEHER
WEFREARFRHERET SERE, AANTENERAEEZRAFYHREFRFEA.
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AT RS AR R A M S A AT T R, 32d
JE AT AR AL TR A1, EA Ao R,
FE BFT F550 22 400 shB BE B2 AlOS &L ™, n] 4
S RG], JRBUS T R Rk Ab ERLRE 1Y
PRI e X6 A 0 2R PR R A7 AR (R I FE i L EE

H A2 A 758 3 0 2 R A7 T 1 s U8 ok s i A=
Y R G0 shME B 1R) 8, (A7 T AR AT e (]
SR MG PETG RARAF I EHE N K, Wilén
FEWG PETS RARAF AT 5T Th 2 B, 7F 4 °C (RA7IREE
TSR ERYNME, FA X R H TK
TEFRETAM G T A M A G B . Adav 20
NLEEAS [ R B PR A7 W S8R 75 U6 & B, HE 20 °C
LA S BAAEE , PRSI B A, {3
TE-20 °C #4731 H G Bokiis ek aR 28 . 15l
PRAERF AR, FOPERE AR etk 2, &gk
Ak B4 e B ORAT S, OB TS VR it 4 Hh B e M
TR FNZE AR IR A B2

ARMFFTLE S BFT F25H 7 40 09 S bR >R K [
HNKEE VTS PR ARAE T B R SE , K AL R A
PTE R R B S5 F N IEA TR AT, B9 DR A B [ Xt
YRR TERE . TEBSEH SRR, N
LIRS R RS %

1 MESIHE

1.1 ZERARKRIESEE

FRORAFZ AR A 1 IR A A6 PR /K B 2 S
59 BFT #a0 F A e 2 P10 60 d G RIATZ A,
FRFH o FE H S A (total ammonia nitrogen, TAN)
S 0.39 mg/L, WA A& (NO, -N) Vi
JF 0.58 mg/L, fi§75 A (NOy -N) 3 ¥ ¥k & 133.74
mg/L. KJH 200 H i WX A lcsE, IS 1)
LA & KR N 88.10%+3.32% [ 5 K R (Y%)=(2 A
A e ile i EVE N EiRTAC i
12 ZENFRERR

W BRI B AT I R B ) B4 A T 235 P 4028
TEH R (25 °C). Wi (4 °C). Bk (-20 °C) &M T
SrMRTE 7. 14, 21 F128 d, BAEHAE 4 D E
2o BRGNS . RAFRT R AR AR WL 1,
1.3 FHA MR AT AL FE

HUAS B PAF R 2 A BN 5 B F/K 2 100 mL,
FATIRA G BT 250 mL HEE M, SCRA R,
T 4545 S 56 2H B 7 BURL (total suspended solids,

https://www.china-fishery.cn

*1 ZERFRERIERNERE S
Tab.1 Distribution of storage temperature and

index measurement time of biofloc

5 I [l /d

measurement time 25°C 4°C -20°C
0 RAIFHTZH] BS
7 NS7 LS7 FS7
14 NS14 LS14 FS14
21 NS 21 LS21 FS21
28 NS 28 LS28 FS28

TSS) FEIHE A (977+19) mg/L.
1.4 SEALMEEITEN

W HUSE A S R AT & T 8% IR (150 r/min),
FEANEIZ AN 1 mL A9 NH,Cl I (3.821 4 g/L),
1 mL ) NaClOs ¥ ¥ (106.5 g/L) AF A #0 1fil 7)1,
i NO, -N %54k NOy-N Wy J %, #Hn 5 mL
A NaHCO; ¥ K (10 g/L) #b FE 08 & . 4 B 7E 0.
0.5. 1.0. 1.5. 2.0. 2.5. 4.0. 6.0. 8.0, 10.0 fll
12.0 h #H4T TAN ¥ FEE
1.5 TRHESERSIWHEREITEN

FEEERE B HEE I E TR, % shWiiR ik
B 150 v/min, BAHEIEHE A 1 mL A NaNO,
YRR (4.928 5 g/L) A1 1 mL Ay 3,4- " 5 nk e s 52
W (10 g/L), LIAd s E Y, @ 5 mL
) NaHCO; ¥ & (10 g/ L) #b F8 0l B . 43 B AE 0.
05. 1.0, 1.5, 2.0, 2.5, 40, 6.0, 8.0, 10.0 fl
12.0 h #47 NO, -N VEEEI A2
1.6 ZHALEHDTERNEST

i@ 1F LIVE/DEAD BACLIGHT %} 2 [ #4744
o, i AL R AR WHOL B R (Leica TCS SP8) XA
TN AT ISR . i FHJE BE W {85 (ECLIPES 80i)
AT AL, o FHEOEHRLE /AT (MS2000)
X2 ARAR A AT 53T o
1.7 KERIBFRNE 7 7E

TAN ¥ B2k K % BR 2 A7 %, NO, -N
e R N-(1-2838) -2 Wi O G R T A2
1.8 HIESh

FH Excel A% 52 49 246 #5477 58 3, Origin
8.5 WA T EIZR 2], HH SPSS 19.0 e 4%
B 1T B K 7 22 53 AT (One-Way ANOVA),
P<0.05 Ml E 225 . RPN RIS RN 1Y) TAN

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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NO, -N ¥ FE A, fdi ] Excel & {2 (5 1a] -4
B ek a2k, S8 — KR y=—hcta, y
HFARWE (mg/L), x HEARBHE (h), o fER
W, KEFR RS EHHANBEER . TlE
REH R [mg/(L-h)]o F2 50 B FH 2 {45
2% (mean+SD) FIK .

2 iR

21 FENHERZE

ZHITE 3 PR RAE S50 T, S bk
Wil 5 DR A7 B T A S 1 35 R Tl R B 1 T R (T 1)
TES TR, 4°C PRAFARMF N BYZEATE 12 h O H1E]
WA A (8.19+£0.25) mg/(L-h) FREZE (2.48+
0.28) mg/(L-h), 5 {-AFHT 2R Al 2 A 1Y 22 1 T I ik

8 !lé;vv v v v 2 "
~Z al
2< .
GDE 6
E’ o & L2 & 3
= : .
X3 4} "
K 2 3
\lgg 2 = BS Y
=g 2 s NS7
4+ LS7
v FS7
0 2 4 6 8 10 12
I} 18] /h
time
(a)
3 Yy v v
8 ':i!: v v
Sz ety e
on = 6 .
E = A ¢
= © L}
= 4
XS 4t R =
& o
Tjél S 2 = BS ]
(51 s NS21
o LS21
v— FS21
0 2 4 6 8 10 12
I} [&]/h
time
(©)

2555 =20 °CARAF AT 1 2 A Ab BR2H ) 4
A E (8.18+0.27) mg/(L-h) F & & (7.80+0.30)
mg/(L-h), ZEAALRESLTE . 5 28 X, 4°C
AL PR 2 T 25 FI1-20 °C Ab PR AR A
25 °C PRAF A T 10 22 1A Ab 38U 20 ) 4 24 /0 vk B
(8.01+0.24) mg/(L-h) F [% = (6.07+0.41) mg/(L-h),
4 °C PRAF 551 T 1 22 A1 Ab B 40 H W) f 2 A0k i
(8.01x0.28) mg/(L-h) T~ [ & (4.07+0.54) mg/(L-h),
=20 °C PRAFF5AE T 2R 1A A R 2 ) i 2 A Tk
(8.16+0.17) mg/(L-h) T %% (7.96+0.33) mg/(L-h).

ZHTE 3 MR AE S0 T H U L B Bl A 1
(i) %) SEE < 0] 4 i Ak B 2406 A [R) AR BE Y T R
(F2), FEH TR, 25°CIHRAZMEHTHEBAER
b3 %y (0.26+0.05) mg/(L-h), 5 4 °C {77 51

8 l‘ivvv v v ¥ - %
z ats.
32 | R
£y O ; .
\< | | L]
XE 41|
K £ P 2o
w2
:E[@ g 2 | L ] BS i
15 s NS4
s LS4
v FSl4
0 2 4 6 8 10 12
i [H)/h
time
(b)
8 FEa¥y? Y Y v ir v
Z P8 S S
QE ..l » t . i
O‘OE 6 F r'y L
gf = Ey
= © B 1
X8 4t X .
B :
& 2
5 8 = BS 5
T2 2 e NS28
3 4 1S28
v FS28
0 2 4 6 8 10 12
B[] /h
time
(d)

E1 ZHEAERFEREMREREERHEREL

(@)~(d) 2 MARFE R PBIEAE 7. 14, 21 F128 d JFHISEd F, FIE.

Fig.1 Ammonia nitrogen conversion of ammonia nitrogen by bioflocs after

different storage temperatures and storage times

(a)-(d) represent the experimental process during 12 h after 7, 14, 21 and 28 days of floc storage respectively, the same below.
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4 (0.28+0.07) mg/(L-h) JC & & 22 % (P>0.05),
1M—20 °C 41T PR A1 2 A B AL 3 (0.01+
0.04) mg/(L-h), BAHIALEAZE A A T 99.52%,
FAMHDR KR TR, 7R85 28 K, 4 °C fRAF5AF

T2 A H 2 A R R R (0.16+0.10) mg/(L-h),
ST 25 °C IRAFSF T 19 (0.08+0.09) mg/(L-h)
F1-20 °C Z51F F 119 (0.01+0.09) mg/(L-h),

F2 SREL25h RS ELIESR

Tab.2 Ammonia oxidation rate during 2.5 h of ammonia nitrogen conversion

X 25°C 4°C —20°C
FRAFI Ii)/d - — —
preservation time AR/ [mg/(L-h)] FER/ % A EE/[mg/(L-h)] PR/ % A H A/ [mg/(L-h)] R/ %
ammonia oxidation rate decline ammonia oxidation rate decline ammonia oxidation rate decline
0 0.37+0.10* 0 0.37+0.10* 0 0.37+0.10* 0

7 0.260.05" 23.84 0.28+0.07 % 23.32 0.010.04* 99.52

14 0.16£0.06°® 51.35 0.25+0.08 25.89 0.01+0.04 > 97.83

21 0.12+0.03%° 63.54 0.19+0.03 < 45.92 0.0120.04 " 97.30

28 0.08+0.09° 81.65 0.16+0.10 55.27 0.01£0.09 % 99.28

T ANFENG T RN 7 5 B3 (P<0.05), AFERE FREFORA N Z R BE(P<0.05); FEIE(%)=(TRA7 A 2 AR RO A7 F 2 S AL %)/

R R ANESR, TIHE.

Notes: Different superscript lowercase letters indicate significant difference between peers (P<0.05), different superscript capital letters indicate

significant difference between the same columns (P<0.05). Rate of decrease (%) = (rate of ammonia oxidation before preservation — rate of ammonia

oxidation after preservation)/rate of ammonia oxidation before preservation, the same below.

22 THESRENERER

ZATE 3 FiAS [R) 3 BE DR A 25 A B A A A
FALPERERE & TR A7 ] B SE K 4 A AR Rl R BE A T
B (K 2), 7855 7R, 25 °C JR-1E40 T I H7E
12 h )z B 390 18] Hy A0 4 0 il 25 R0k (9.24+0.18)
mg/(L-h) FFEZ (0.51£0.15) mg/(L-h), 4 °C RFE5
(N i L LS 2 ) G A T RN (3
(9.31+0.15) mg/(L-h) F % £ (0.11£0.03) mg/(L-h),
T AN R B AT B, 75 28 K,
25 °C F1-20 °C TRAFAAF T I BTSSR A AL
RERIR FRE, H25 oC fRAFFZRM TRy LA b B
P 9 46 B4 I A 75 R R (9.4440.27) mg/(L-h) T [%
% (5.23+0.35) mg/(L-h), —20 °C {47 51 F g
M Ab B4 oo bs A A Ak B (9.23+0.20)
mg/(L-h) T K& & (5.33£0.33) mg/(L-h), i 4 °C {4
T2 F I 2 A AL B4 FR w0 4R Al 2S5 R R
(9.40+0.19) mg/(L-h) ~ f& £ (0.35£0.09) mg/(L-h),
A i i A S R A A R

ZHTE 3 P ORAE S5 T HO A A8 AU b R
Bt 5 I 1] 1 2 ) s i A P BB 41 S [ R 2 1Y
TR (2 3), 557K, 4°C &0 PRI HA
1k 3 3 g (0.65+0.05) mg/(L-h), B3 T 25 °C
PRTF S5 F 19 (0.41£0.05) mg/(L-h) F1-20 °C {477
% F 19 (0.3540.07) mg/(L-h), 45 28 K, &

https://www.china-fishery.cn

FE 4 °C 5 AF AR AE T A 2 20 A AL EE % (0.19+
0.03) mg/(L-h), 3 & T 25 CCHAAE %10 F )
(0.10£0.05) mg/(L-h) F1-20 °C /4 F 4 (0.14+0.02)
mg/(L-h).

23 ZRESNRRESSHAT

PAFTT YR R 53K, SR HLRE; 25°C
TRAE A T W2 A B R AT B R Y SE S, 2549728
FRPATH, GBI, & KEZRE; 20 °C /17
KT R TR, LR 2 20
W, NGEN; SRR ERMELL, 4°C 717
AT RADEZE AR B E A (BT ).

P YR E R T e o )5, R AR
JE MBS, & PR 22 A1 T 40 A LA a8
HEDVEICHMM ., 155 28 K, 4°C AL T
SRV 20 L L ) J2 2 v 25 F1-20 °C (EI i 1T )
24 ZERNFETHE

ISR RTRIPRAEES 28 K HARi#2 53 HT
25, 4 F1-20 °C = Ff A [F] I B 451 T OR-AF 1 22
KA B AR S 25 °C AR &M T I
AR FRF- Mk A W) 4R 1Y (245.92421.51) um J8/)N
F)%5 28 K (148.5049.90) yum, d (0.1). d (0.5). d
(0.9) 1, [F) 45 72 B Hb g /b (3R 4); 7E-20 °C RAE55
T, SRR BOEERAE B (245.92421.51) pm

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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Fig. 2 Nitrite nitrogen conversion of bioflocs after different storage temperatures and storage times
*3 IWEREN 25 HENTHSRELESR

Tab.3 Nitrite oxidation rate during 2.5 h of nitrite nitrogen conversion

A7 RT f/d 2°C e ~20%¢
preservation time VAN AN R/ (mg/(L-h)]  FEIRE/% WS EREREE [mg/(L-h)]  FEiE/Y% WA E MRS [mg/(L-h)]  FEE/%
nitrite oxidation rate decline nitrite oxidation rate decline nitrite oxidation rate decline
0 0.72£0.02* 0 0.72£0.02* 0 0.72£0.02* 0

7 0.41+0.05% 43.19 0.65+0.05* 8.92 0.35+0.07" 51.28

14 0.22+0.02%° 69.94 0.40+0.06 "™ 4391 0.22+0.03 69.83

21 0.15+0.04™ 78.92 0.23+0.07< 67.50 0.16£0.01°* 77.00

28 0.10£0.05™ 86.09 0.19+0.03“ 73.67 0.14+0.02™ 80.79

BOKF (310.82429.67) um, d (0.5). d (0. HAR 3 Wik

SEFEFERIE AN, Hirb d (0.1), d(0.5). d(0.9) Jki

BIONGBRL, RENT TR 1 BRENREREXERNRN
FRNN 10%., 50% Fl 90% Bt I Xt 17 16 K7 A% 5 R 2 7], 4 °C RIS TR B H A
M4 CORAEZMT M ZEBERB SRS fEFER (0.16£0.10) mg/(L-h), W3EH T 25 °C f}
(237.75+13.38) um, 5 R 77 [ 19 (245.92+21.51)  F£25AF T Y (0.08+0.09) mg/(L-h) FI-20 °C 4T

um JG i 225 (P>0.05) (& 3). 1 (0.01£0.09) mg/(L-h), K] 4 °C LRAFHFAMFT 2R
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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Bl 1

Plate [

ZRAMNEMEESTWL
I~4. fRTERT, 5~8.25°C &M FIRAE 7. 14, 21 F128 K, 9~12.4°C M FIRAF 7. 14, 21 F128 K, 13~16. 20 °C % F1-4F 7. 14, 21
128 K, T

Structural morphological changes of bioflocs

1-4. before storage, 5-8. indicate 7, 14, 21 and 28 d at 25 °C, 9-12. indicate 7, 14, 21 and 28 d at 4 °C, 13-16. indicate 7, 14, 21 and 28 d at =20 °C,

respectively, the same below.

M2 SEALRE R B 2R o FE U EUBORLAS [F) it
RIS, Gao 581 58 1 VLR B 7F
25°C, 4 °C FIE RGO T W MG ke, KB
4 °C PRAFF5AF T W IURL RS T BRI R 2 Ve .
ARETETRH, 4 °C RRlhirisleh A& . g1 MG
PER A RAFIREY, i T U R 2 3
Ak A W & A Ak B (ammonia-oxidizing
archaea, AOA) Fil 2 %A ft 4l I (ammonia-oxidizing
bacteria, AOB) & A/EA"", Al LIHEN 4 °C T RS
AP ALRF AOA . AOB YT .

25 °C TRAFARAE T 1 2 2 A AL 3R T R 3
PR, TR Ry 3 v At A T 5 | 75 108 400 P K i
PN TR I R 3R 1A, DT SO A 3 T 1Y
PR R0 T DL S A R T R BRI BT
AR R IRRE . BEES 14 RIBBLRIRE
DK Ay i AR AE B TR A RE S, A 0 MR A b
HAERAMHE DGR, REKEE AT

https://www.china-fishery.cn

B . HEE B S 20 °C A7 41T
T, BHAREMEREGE RS, WRRERERN
20 AT AR ML VR IR R AR, R LT,
RV IR TRV YRS T A

32 EENZEATHESEERSIE

i A AR VR 2 I R R SR Ak A T
(nitrite-oxidizing bacteria, NOB) /] FH \lV. i ik & L if
JE GRS RS R R AL IR SR, FE5E 7 K, 4°C
TR Y 2 A AL R (0.65+0.05) mg/(L-h),
i BT 25 °C &4 T Y (0.41£0.05) mg/(L-h) Fil
—20 °C 411 F 9 (0.35+0.07) mg/(L-h); bt & 13 1%
BRI, AN A AR BEAESS 14, 21 A28 K
AT AT AR BV EAR KT, 3k 26 I UL TR A5 1F F REAR
I b 4EHE NOB Y% 1

25 il 4 °C RAFZRAF T W TESS 7 RIS AH
BAEAHRT W E 25 (P>0.05), TWAEH 14,

HEK™ %232 /8  sponsored by China Society of Fisheries
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ws’

150 um 0 150 um

150 pm 0 150 um 0 150 um

150 pm 150 pm

150 pm 4 150 um
Elh 11 ZERMAAE TR
SEORRIEMM L], L EARIEAN N ELH .
Plate Il Observation of apoptotic cell death in bioflocs

Green represents the proportion of live cells, red represents the proportion of dead cells.

F4 TRFREZGHTZEHRL0.1). d(0.5) F1d(@0.9)

150 um

150 pm

Tab.4 Bioflocs at different preservation conditions d (0.1). d (0.5). d (0.9)

pf:ﬂfe‘;s BS NS28 Ls28 FS28
d(0.1) 79.26+4.81° 23.97+2.26° 55.25+3.42° 51.01£7.16°
d(0.5) 225.11£20.33% 108.00+8.14° 208.37+11.05° 260.94+31.46"
d(0.9) 445.45+43.95° 335.56+20.56° 461.61+26.71° 645.04+54.19°

W d(0.1)~ d(0.5)1d (0.9) 735l SR/ T HERAR L& 20 N 10% 50%F190% I BTkt B 1 R0AE o

Notes: d (0.1). d (0.5) and d (0.9) are defined as the corresponding particle size when the floc content less than a certain particle size is 10%, 50% and

90%, respectively.

21 F1 28 RS R A Z TR, nlfg
FE T ER AR A E IR Y 1) [BE 2 00 AR S5 40 B T
FA% . —20 °C &MF PSS A EALEE AR E

1 K F= 2% 2 32 )6 sponsored by China Society of Fisheries

AACBE T — Rk, AUTSERM, miLTsle
1E-80 °C Z&AF FARAF 34N H , LAE L4 B 475 m] A
B 60% HYiE S TERARSEP LB, WHIRAET

https://www.china-fishery.cn
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Fig. 3 Particle size distribution of bioflocs under

different preservation conditions

YRS LA AR AE 150 d, HIG T REIR S 20.8%,
I ¢ I IVl 2 ST A0 T L 2 SR A A TR B A 5
AEJI R

33 RENZREARSSEHAMMEIE TG

A1)

LML L Z IR S A LG 2
FRRGAY . BV Sy UTVE I ) RS AT R I R & Y
SR, A BT Y] R KR AR R
TEAN [l RAF i B2 K2 i 1) 2 PR R AR S il ke A T
KA RRONEBIRAIR TR, 4 °CRIFRMFT
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Effect of preservation temperature on the nitrification performance and
morphological structure of bioflocs

JIANG Zejian ', LIU Wenchang ", TAN Hongxin ", LUO Guozhi *’, SUN Dachuan *
(1. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China,

2. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-culture of Aquaculture Animals,
Shanghai Ocean University, Shanghai 201306, China,
3. National Experimental Teaching Demonstration Centre for Aquatic Sciences,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: This study aimed to determine the optimal storage temperature for bioflocs. A One-Way experimental
design was employed, where bioflocs were stored at room temperature (25 °C), refrigerated (4 °C) and frozen (—20
°C) for periods of 7, 14, 21 and 28 d. The nitrification performance of bioflocs declined under all three conditions
as storage time increased. After 28 d, the ammonia oxidation rate at 4 °C was (0.16+0.10) mg/(L-h), significantly
higher than the rates at 25 °C (0.08+0.09) mg/(L-h) and —20 °C (0.014+0.09) mg/(L-h). Bioflocs stored at —20 °C
had almost no ammonia oxidation activity by day 7, with a 99.52% reduction from the initial rate. The nitrite oxid-
ation rate at 4 °C after 28 d was (0.19+0.03) mg/(L-h), which was significantly higher than that of bioflocs stored
at 25 °C (0.10+0.05) mg/(L-h) and —20 °C (0.14+0.02) mg/(L-h). Microscopic observation revealed that of biof-
locs stored at 25 °C became looser, with a decrease in volume average size from (245.92+21.51) um to
(148.50+£9.90) pm by day 28. Conversely, bioflocs stored at —20 °C increased in size from (245.92+21.51) um to
(310.82+29.67) um. No significant changes in structure or particle size were observed for bioflocs stored at 4 °C.
In conclusion, a storage temperature of 4 °C is recommended for bioflocs. This study provides insights into appro-
priate storage conditions and duration, which can inform the storage and reuse of bioflocs in practical applications.
Key words: bioflocs; nitrification performance; preservation; temperature
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