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Utilization of commercial nitrobacteria additive
in the inoculation of a new recirculating aquaculture system

PAN Jin-ming
( Institute of Agricultural Bio-environment Engineering , Zhejiung University , Hangzhou 310029, China)

Abstract: In recirculating aquaculture production systems, certain high quality commercial bacterial amendments
are easier to be used than getting media from an established biofilter. In this paper, a known commercial bacterial
amendment was used to inoculate for a new biofilter of a pilot recirculating aquaculture system. At the beginning,
20 mL amendment in all (300 billion CFU bacteria) was injected into the biofilter basin in four applications
during a period of three days. On the first day and the third day of the experiment, 200g of feed containing 32 %
protein were dissolved into fish tanks. The peak of total ammonia nitrogen ( TAN) concentration was found on
the seventh day and that of nitrite nitrogen (NO; - N) was found four days later. It took 12 and 20 days for
TAN and NO, - N, respectively, to achieve a level of 0.05 mg+L~'. In the subsequent 30 day investigation,
54 Colossoma brachypomum (mean initial weight 105.7 + 23.2 g) were stocked in the system at the density of
2.15 kgm~? and fed a sinking 32% protein diet twice daily. TAN level in two fish tanks was kept between
0.393 and 0.465 with a mean of 0.427 + 0.019 mg-L™'; and NO; - N was between 0.038 and 0.062 mg-

L~ with a mean of 0.052 + 0.007 mg+L~". Diumnal changes of TAN concentration showed two peaks and two
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troughs, while NO; - N concentration only showed one peak and one trough. Electric conductivity (EC)

" weekly while pH descended

measurements taken in the fish tanks showed a linear accumulation of 32.8 (ts-cm™
0.24 every week. At the end of this experiment, 8.65 million CFU-mL ™' of bacteria was found in the biofilter.
Except total phosphorus (TP) of 4.81 mg-L ™', water quality parameters all conformed to the requirements of

Chinese Freshwater Aquaculture Water Quality Standards with TAN of 0.471 mg-L~', NO, - N of 0.05 mg-

L', nitrate nitrogen (NO, - N) of 7.10 mg-L ™", total nitrogen (TN) of 13.16 mg-L~!,

demand (COD) of 7.2 mg-L™',

and dissolved oxygen (DO) of 8.7 mg-L™'.

chemical oxygen

As a result of comfortable

environments, the fish grew well under daily feed rates of 2.1% - 1.4% and got a survival rate of 100% , with

a daily growth rate of 1.91 g, and a feed conversion ratio (FCR) of 1.164.
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4 HHAYE BERKKFREREERTSHAEEN KRR 421

RI T 2003 £ 5 H 19 HH 4,6 A 30 H4
WL N ) 43d, 51 BB B .

BB AI9HES A3 B, EMNEL A
PIERER A M EERE. 20 F5HA19H
F5 H 21 B (8:00) 1 RERI M FRIAMEHEA
Tkl 200g (O R RN A 1A D SRR iR ORL S 3
A PVC 45, 7840 {8 1 I R 67 7 L Sk B
ARG A IR0 4 R R 100g T BHE fF IS
AN TAN 29 2.83g) - AL N —F £
Bl LG —E o d ok N E Ot s
FEE FLER R B RE LA BE S G PR A A
KBELRIN R AT S CFBEA, IERE A 1.5x
10"CFU-mL ™", i% 7 5 % S0 38 5% 5 1 HE 77 35 Fh )
BHN0.5~0.8mg-L7",15d il — k. iffr4
WM IR S5 H21H5 23 H.5H25
F), B fust ] & 8:00, B (K 3R S5mL.

BB A1 HE6 30 H. %M, 1
VR E IR T R IR A R UERE 10 A 1
HO7:00) RE T FREEOKAB(FE LM aE G
| Colossoma brachypomum ) , K % 35 FpROR -

WK M8 T 5 A 29 H #7028 K= BE2E Bt
KRB AREEEe A1 HF T ERHER
FALZLGF G H 31 H T 14:00 R&GEPMA—
52 AR, DRSS A U0 e T IR
B img- L' Wi & : 6mg - L' 54k 81 1F B
EIO) L BRI A SR 27 B IRE A
108.4+19.6 1 102.9+24 2¢, & a5 H 2.93
12 .78kg, FEA S 2.21 F 2.10kg-m ™",
6 11 3 HIRGE GG, Wk oy HR R, EE R &
32% . HWE4ER 2%, B9 A 77 5H it /) 92 B H R A
B HFR 60g, FERBMEBIK(9:00 1 17:00), 4
IV ], AR R R R G ) A0 R HE
BB K, T 78 K L K Bk e TR R
AR K R 7S, — % 9d B R K — K .

1.2 REHERENA X

o5 — gy B BF KRR K BT R A TAN WL i
ZNO; —N. RFEXF LA M (2 D), KAFHT
] 16:58 ~ 17:00, 5 4 FFH Mt R AURE , BAFEE 3
OB E . 5 H24 HE 5 A 31 AR
t TAN FI NO; — N i 17 H 28 fb M il , 5% A e [a]
K 8:00 ~22:00, B/NBFRFE 1K,

B BB IEH WA 7d S5 B R K 5 A M (2
AN) A4k 3 b AN AE TR 2% 9 TAN R NO, - N;

£ 5 B B A B § R EC(HI9033 F 14 f# # X EC
i) . & & DO(HI143 F @ # X DO i) . pH
(H19024 % 1 # X pH i) kK i T(HI9024 F
@ #0 pH iH) CREEET ] 17:00, LI & ) ; 1§
JA R — 34T TAN f1 NO;, - N H (LI (8:00 ~
WH 6:00), 8 2 hRKAE1 K, AR 6 30 H
Kl TAN NOs — N & NO; — N G % TN &
B TP k¥ 55 S 8 COD, KFEmE 9:00. 7 A1
H 800 & M 4= 7 8 25 40 1 40 CFHOM B IL ) i
B RE B 1 IR R E T 200mL #ETE R AY 200mL
NaCl & @ K (30g - L™ ") + X # Tween & WK
(1% ) ok ¥% 30min J5 3 HORE 5 K14 SR K« 4]
TANZKFE. 7 B 1 BHEFIEMEG,7 J1 3 11 8:00
ek RE,

+
2 %

2.1 ®EMH TANNO;, -NiRE
EAEGAI19AE5 A 31 H)FX 8:00 %
FEF M TAN Fl NO, - N M5 R H 2.

O - a-- TAN —®—Nitrite'N
_ e 4T ™
) e |
_1.: & A N - .
- B 3F A . o ‘.
w0 A .
€5 o} A "
=S : .
= 'S o -
ﬁég I F & - - N
0 ion u & M

5-19 5--22 h-25 5-28 5-31
H#/month-day

date
B2 RS & A TAN
O FS B NOy - NIRIE
Fig.2 Total ammonia-nitrogen (TAN) and
nitrite-nitrogen (NO; — N) concentrations

in two fish tanks during the inoculation period

FH M TANWREA 5 H 25 H LAAT— H4b T
FARA,EG—-ATFR,5 H 31 H8:00 2fKT
0.05mg-L~'(0.040mg-L™"). NO; - N ik &1L
a5 TAN AL, (H 278 b b TAN 722 Ll )5 24
4d, W EHEAE 5 A 29 B (3.755mg L") Bl
W T R
2.2 #IEHE TAN.NO;, -NREBTZL

Ple A9 HMELRNH, 8RS TAN
FINO, — N H A/ A WHE 3 Mg 4. 5750 i



422 Ko

¥ iR 8%

TAN ¥ — K BUB A = e F B MR A, & g8
45014 0.487mg-L™'(14:00) F1 0.476mg-L~'(22:
00) 1% & fH# 0.421mg- L1 (18:00) fl 0.410mg-
L™'(6:00);NO; - N¥EH LB/ —RKRAHHA -1
EUEM— MRS, B 0.069mg - L™ (12:00), K
740.049mg - L™ (24:00), [E A& 4b B #b 1% K X

0.55

——t——5] ~~R== 52 — & — 53

Ty 050 F

: P -

W 0.45 | e -

£z :5“,‘\‘\}k ;A-:‘}‘//j\\k

B™ g4 fw , "5y 1

® 'm = - -

® 035 }

0. 30 Lot
6 9 12 15 18 21 24 27 30 33

iR /h
time

B3 K3H TAN ¥ EE R 45k
Fig.3 TAN diurnal changes during the test period
S1 - FRFM .52 - AW IREE S3 - [HkLA M

S1 - fish tanks, S2 — biofilter basin, S$3 — solids removal basin

23 REPEYERSTEGRE

R 56 10 SR 70 b B R AL B M 4 WD UE 2% TAN
M NOy -NHEMAZHWE S F6, 5 HEME
LS RARE, TAN W B2 A & BMINAR IR O - SR B
[ 4 b P 9 R A M 8 2% s NO; — NOUR B A & B4R
WK g FR AL AR B f SR A b, TAN
1 NO; - N 78 ¥ I 2 — & iy I B b, J5 &
HOHER B, AR AN (A 1R R od i EH,

EC 24 M A%, s EC B 196 ps-
em~ (6 A8 H)LEFZE 295(6 A 29 H), &A1
328m-cm™', MR ,pH EE&MH THRESL, &
FIFEAR 0.24, A, 3756 i DO ¥k B V- B 18
H8.9+0.3mg L' (B/MHE 8.4mg- L™, B KA
9.2mg-L71),

24 RBERHMEAEFABRR KRERARY

% 28d FRFH L IRK A BB AEIE RN 100% , F 1
REEF 161.9+26.0g, A H 1.91g, IR G
FRPA BN 3. 2akg - m™ 2, X B 3 R] 2k B R 1 K}
3.36kg, MBI R BN 1. 164, KI5 AT, FER M
TAN.NO, - N.NO; - N.TN,TP,COD,DO 4 %!
4 0.471.,0.050,7.10,13.16.4.81.7.2.8.7 mg-
L' FBEMKER TPAHTERERKFEHR

TAN.NO; - N HZ{b 5FEMILER L. £
IEERH TANWREE -~ KFEHEEEHRIEL,
HMER 5 K EFREM 5 K TFHRZES;NOy -
N B B R E A, B & KM (0. 082mg -
L~ )58/ ME(0.056mg L~ ") 4 BB 8] 5 3% 51
0 1 4 Ak B b — B

0-10 r 4 61 —-u--52 —& —53
L 0.09 F
;o“"’ 0.08 | - - \\‘\A
EZ 007 } N e *
) y .
o aat T3
g‘: 0. 06 n g
= 0.05 F
0. 04 e '
6 9 12 15 18 21 24 27 30 33
I 18] /h
time

B4 KM NO; - NWKE HI L
Fig.4 NO, - N diurnal changes during the test period

Si— FREHM ,S2 - AW RS S3 — [A i 4k KR b
S1 — fish tanks, S2 — biofilter basin, S3 - solids removal basin

IKEARHER EK, B F RS P &Y, A REH
EPERKPWHEAL N, H Wik ERIER M
MBEE KM 3.07 x 10°CFU, /K BB R 0 1.35 x
10°CFU-mL™ "', B A M IR 2 4 4 7.01 x
10*CFU, ¥ 8.65 x 10°CFU-mL "',

3 iTig

— N FRIERGE R T EAE RIE SR
KEFEFHEEYHNEKER, LHE TAN,
NO; - N Hi5 Y89 KF,

M TANKEZZHMNHEENE W,
BARBEHROT R (400g MEERE R M4
4.270mg- L™ ") TAN) 7S B 43 e {5 3L vk 15 ST I
ThO R M 09 7 16 B A Bitg NH, T8 1L R
NO; o L1 0.05mg-L- "N HtR, BEZ%E gk
FHMAZED RS EMN AL D, SFERFET
KB B brAL Feaf () R BLAY TAN ¥ ¥ & KfE 0
BEUER 10d.1.2mg- L' £ 58 & 4 32d.3.32mg
‘LT 5 MR 44d 4. 14mg- L™ ;NO. I & 8 K Al
fLH 65d.4.05mg L1 ;NO. 11 S4B K As L 694,
4.2mg-L™';NO.Il S BRI 54d.4.26mg
LY xt BB (M )53d.2.9mg - L1, AR 4



419 HHERE BARAK=FRARGERESHELENRERAR 423

YR 2R 16 9% 12d A BN [WAE B bR i 50 70 8 TAN I
R KM N 3. 540mg - L', BT {6 B39 7 5 0% 1k

—e——5] --"--§2 —4 —g3

L
=4
o
=}

TAN

PNEHE/ng -
=
-9
(]

6-7 6-11 6-15 6-19 6-23 6-27 7-1

I f&] /mon th—day
date
M5 4 TAN KK
Fig.5 Change of concentration of TAN
from June 8 to June 30,2003
SI— FoHit 82~ ik & . S3 - [ R4 ALt

S| ~ fish tanks. S2 — biofilter basin, S3 — solids removal basin

NO; — N ¥ & s 57 2 7% 4~ B & #2 m , 1 5%
V8 (bt P AT E v B 8, G RO i A 1R R A
FL 1 ARG B RR AR PR 2R A o MR R Y b TR
TRELL K T - R NOy - NIKRIETE 6
J128 HJG sk 47575 0.05mg- L™ 2 41, B i 6 T
4 20d, W1 #e B K (0 4.028mg- L', 1 % [
B BRI P R LS B T AR R R B
24d i1 3.63mg- L~ ", X 156 B A< i 90 {4 09 o (b iR
NS R 1 PRSI T g b A R R A 2 Y e i
(N

{EIK 96 55 — B B, SR B M TAN MR 7 — K
79 UK /R W X H B AR R RS 5h A A, 5 Cole
GO R —IRERBCYRERMN 2.5%
~3.5%" N KRG KKZ 120g AT, 2477
3.0~ 4. 2g MHE 75 T M TAN ok 3 M ) &5 2R
(8 3), — KA g AR AR L 7F 24h HWEETRE]
Feff e R E 3.0~ 4.2g, BIRIED
W kLAY B AL (0.918m° ) AL FHAE ST N 3.3 ~ 4. 6g-
mt-d7' B4 FE 6 BaRY NO;, ~ N K-~
FAETF 0.09mg- L"LLT, 46 B S 56 b WA & LA
e Rk R B E AR, F8 0
SV ] S 46 48 5 R A0 B (L T IR BUB AR @ i
&

EC ¥ b AR ZEd T R 4P NO; B4
W %38 bR 7RV A P ik 8% T AERE ) b Ao n IS

BRI TR A9 WA AL RE /1.

0.10

009 [ ——S1--a--52 —a -3
f = 0.08 [
g5 006 fme N £ N iR
ZZ 0.05 L*\ o =
3004}

0. 03 - . X . . ,

6-7 6-11 6-15 6-19 6-23 6-27 7-1
i5}7], /month—day
date

K6 K NO, - Nk

Fig.6 Change of concentration of NO; — N
from June 8 to June 30,2003

S1- FEI MR S2 - Wik A% .53 ~ I8Pk &b A

S| ~ fish tanks, S2 — biofilter baxin, S3 — solids removal basin

HAR K. B HRE Ak BRI A B N ER R
FL R E AR B pH (A A TEREAR, 375
40P T BN A K B8 £ BBk BR L DUAR 4 pHL
T RBEHE P B TFEEIE 2, B A 68 24 W% i
LA P &S K EZE .

6 A8H.6 A17HF6 A 26 [ 17:00 it
TR 35 5% 7K #b 7 P HE J& TAN((E 5) \NO, ~ N([&|
6) L4 od g 8 BRI sh A9 R B L9 0 EO At B 9T S
RE R

)P 5 L B R A OK T IR R AR
BRI R ERE . A8 A 1 I K K
FRH RS & YR 88 o IR A 20mL B b
WAk 400g fE B SR M 4. 270mg - LT & A
(TAN),12d B} TAN ¥ BE{IK F 0.05mg-L~"',20d 5
NO; - N ¥ B [ 2 [m £ 7KF

E3odRBP RZHENRFMHS. T1kg IR
KET#EE, A /B R 120g. F b TAN & K
{5 0.465mg - L™ /N{E N 0.393mg -
L', 31 0.427+0.019mg- L™ ' ;NO, - N Bk
4 0.062mg- L', B /NH 0.038mg- L', FH{H
0.052 +0.007mg - L~"; H W90 45 5 % W 37 44
TAN ¥R & — K th BB A i g JM I 27, NOy -
N#EAAL-KAHH T D@



424 S 4 28 %
. AR % B W BEC B2 LR o AT &8 [J]. Miss Agric Forestry Exp Sta, Miss State Univ, Res Rep,
- ¢ -1 | = 1985, 10: 1 —4.
JAME I 32.8ms-cm™' ;0 pH 2L M T %, & o]
. _ 61 Ebeling J, Jensen G, Losordo T, et al. MARS engineering and
oA 0. 24 9 &5 A B TP W AR 4, H
i . R L5 N b Fa
Jid B ARG ° ? AU R . ’ operations manual [M]. Virginia, USA: the U.S. Department
RAGVRII T B R KK = Tl K R AR £ ) of Agriculture, 1995: 12.
IEES A A 8.65 x 10°CFU-mL ', [7] ZuRF, Hu B L. Zhou D Q. Micro biology experiments [ M] .
et R FBH fé,ﬁ fhE AL f’%]_ W —Fh 1% |57 N Shanghai: Fudan University Publisher, 1993:126 - 131. [#l #7
B AL N 3 Sz - S B Y RKOHIE R, K. v sen M. R
RSB B U R R OR U, LA R R K R AT SR GO BB MI LR 0K
s g y v - " % KA, 1993, 126 - 131.]
TR BT R . (AR E R R ,
. (8] National Marine Burean of China. Marine monitoring standards
i BEHREAN 77 ALaRTW!
PRRE R RFEAF TR k5 | [M]. Beijing: Marine Publisher, 1991. 270 - 273. [ [H % ¥
L0 Ry Y ] = 1\ N p - s
R 56 B b4 v o PR I i, Jo . RV W ML (M. b BT R 1991 270 -
273.]
B2 ik, [9] Cole W M, Rakocy J E, Shultz K A, er al. Effects of solids
{1]  Jaap van Rijn. The potential for integrated biological treatment removal on tilapia production and water quality in continuously
systems in recirculating fish culture — a review [J]. Aquac, aerated, outdoor tanks [ A]. Tilapia aquaculture, proceedings
199. 139: 18] — 201 from the fourth international symposium on tilapia in aquaculture
(2] Lawson T B. Fundamentals of aquacultural engineering [ M] . [C]. Orlando, Florida, USA, 1997
Massachusetts, USA: Kluwer Academic Publishers, 1095: 214 (10] Liao P B, Mayo R D. Intensified fish culture combining water
(3] LuoGZ, LiuY H, Tan H X, et al. Inoculation and cultivation reconditioning with pollution abatement{J]. Aquac.1974,3:61 -
in newly established seawater biofilter [J]. Agro-environmental 85.
Protection, 2001, 2006) ; 442 — 445,451 . [ B [ , % Hasr | il [11] Speece R E. Trout metabolism characteristics and the rational
LT % B KR Yk B R EOE BT I, Rl R design of nitrification facilities for water reuse in hatcheries [J].
LR 52001 .20(6) :442 — 445,451 . ] Transactions of the American Fisheries Society, 1973, 102(2) .
[4] Bower C E. Tuner D T. Accelerated nitrification in new seawater 223 - 334.
culture systems: effectiveness of commercial additives and seed [12] GuoW Y., RenA, Xu YT. Study on application of nitrifying
media from established systems [J]. Aquac, 1981, 24: 1 - 6. bacteria (o further treatment of NH;-N [J]. Shanghai
[5] Turker C S, Lloyd S W. Evaluation of 4 commercial bacterial Environmental Science, 1999. 18(9): 414 ~ 416 [ CH#L, {T

amendment for improving water qualily in channel catfish ponds

BHLEROW ] TL A B BRI M b TR B B B0 ]
| i S AL, 1999,18(9) ;414 — 416. ]



