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Fig. 1 Pathways of N,O generation and factors in the process of nitrogen pathways
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Fig. 2 Pathways of unused nitrogen in the main aquaculture mode
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Tab. 1 Nitrogen budgets in the typical aquaculture systems

) N TRFE S SR
! KIEF A% (TTTTEDL ;
vE 7 = 2 R PR Y Al il /9
species system dissolved in sette}ble nitrogen lost rate production in food to
water or in sediment .
total N input

1R %04 polyculture WiIE pond 2.85-3.68 73.44-80.49 12.25 6.5 7.3-31
BE D) W pond 0.22-0.49 67-71 2.1-2.7 16-21 -
Penaeus monodon
BE i, S i B Y% pond 15.5 22.6 17.4 ARk, 31.5 87.9
letalurus punetaus 12.5 UEAEER

17.4 lost due to

denitrification, 12.5

lost due to ammonia

volatilize
BETXRET) TR U 14.1-28.4 - 5.2-36.0 22.8-30.7 76.4-92.4
| etalurus punetaus cement tank
1B 7% polyculture b3 pond 41.8 20 - - -
1B FE2 polyculture M cage 433 20.4 - - -
BERS %ot 38! = 51.3 12.6 3 19.8 -
Penaeus monodon!**! intensive pond
81, 4 A0 ZERIER 74.53 1.47 - 24 -
Ophiocephalus argus LA TR

Cantor, Sparus aurata

multi-trophic inte-
grated aquaculture

(%% to be continued)
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(43 1 table 1 continued)
- TR A S
L kdsRmsse  (MERES . A
" ; A % ARV T RS i 9
: : . . ratio or nitrogen
species system dissolved in settqble m‘trogen lost rate production in food to
water or in sediment .
total N input
by fh, FEEEY R 52.68-67.31  0.4-1.0 0.60-1.06 31.71-46.50 -
Ophiocephalus argus Cantor, polyculture pond
Hypophthal michthys nobilis
FLgh i X R W e o I 17.46 36.85 9.12 36.58 21.82
Penaeus vannamei intensive pond
BE XU, FLABEATARSD  RRUFER S 75.18 s fEfE T 1116 8.14 0
Penaeus monodon, polyculture of rice, JEE G 3 A
Penaeus vannamei shrimp and crab 552 in
benthic algae
BT TR, LA S K R 142 Wi3E pond 18.1 37.6 9.6 34.7 81.6
Penaeus monodon, s
Penaeus vannamei b pond 240 40.1 o4 - -
FLgh 35 X R3] TE K F58 51.09 18.02 7.31 23.58 -
Litopenaeus vannamei recirculating
aquaculture system
WK FhH 41.44 26.64 12.82 19.10 -
change water
B e TEFR K FEHE + 3.39 12.65 Stk 41.67; 34.08 84.93
| etalurus punetaus N TR Hb IKEEAEY P 8.21
recirculating denitrification
aquaculture system 41.67;
+ artificial wetland hydroponics 8.21
E[ T PEFRIK IR 5E 347 7.6 16.2 39.4 88 1E/KH,
Clarias gariepinus recirculating 11 #ersfk,
:q;e;cnllilture 1 K3
Y 88 in water,
11 lost due to
denitrification,
1 lost due to
water chang
FRE A %] g L4e) WIE pond 32.64 6.49 7.47 30.28 -
Penaeus monodon
e Bk, i kiR 5.6, 41.3 0.4 21 71.2
. T 37 e ) pond with W7 K
Oreochromis niloticus soil bottom 31.4
Macrobrachium Bate 5.6 lost due to
change water;
31.4 in the
pond water
RS Bk, HERRIe kK 5.0, 263 13.8 23.9 65.3
Py 3gb o R 47 polyculture pond i Jji 77k
Oreochromis niloticus 30.2
Macrobrachium Bate 5.0 lost due to
change water;
30.2 in the
pond water
B o] HrR 148 WIE pond 6.56 50.27 12.92 30.25 -
Penaeus monodon
B % R4 EHK RS 14.0 27.3 14.7 43.6 -
Penaeus monodon zero-changed

system

(%% to be continued)



534 BEZ A IR IREE B NoO I HER AT 58t Ji 609

(43 1 table 1 continued)

v TR BAA
- KikthEe (DULTEDL ; - '
J . Z AR R/% AW 0
a4 JERL nitrogen  JRIBTE% O T e L Bl
species qs dissolved in  gettable nitrogen lost rate gen ratio of nitrogen
ystem . . production in food to
water or in sediment .
total N input
BEA5 X R0 EHIK RS 11.2 16.5 34.7 34.2 -
RSN % 3t
Penaeus monodon zero-changed
system
RSP various IRFE M IE 9-13 9-12 50-73 5 78-81
polyculture pond (N in fertilizer)
ARG, AR FRAE IS A yE 0.23 9.83 PR 75.97 - -
Eriocheir sinensis, pond with reed 75.97 in reed
Macrobrachium nipponense
rhAE SRR R, FFARET Wi pond 6.34 81.96 - -

Eriocheir sinensis,
Macrobrachium nipponense

i —FRR JoHE.

Note: — means data missing.

F2 20152016 FHEK=HENETEZENX . FERIHMERL
Tab.2 Aquaculture systems, yields (kg) and percent (%) of aquaculture in China in 2015 and 2016

2015 2016
TiH item

PR /kg (TTHRR /% yield) P /kg (BTHRE/% yield)
K= FEFH T & total yield 49379012 51423931
TPBOKIRIR IR TR IR L FEIES) 2433165 (4.93) 2450979 (4.77)
open water culture (sea or fresh water cage, pen)
s 3 F7 5 (IR 7K ) pond farming (sea or fresh water) 24307667 (49.23) 25230518 (49.06)
FEMIEFE rice culture 1558187 (3.16) 1632263 (3.17)

NS 4 S

T AT R AR 394119 (0.8) 406563 (0.79)

industrial aquaculture (sea or fresh water recirculation aquaculture system)

VE: TR IR HI T R AR KR SR R

Note: yield means ratio of output of one type/total aquaculture yield of that year.

JE BN 25%, & N i 9%, WARH# A 48 kg

A, R 11.8 kg &, WM 1000 kg Ak
FRTX K300 NoO PHAE R IIBI S EZA P KR p 8T 36.2 kg &, HHRMEAN 75.4%,

PO, PN R IR BT I, B SR 3 bR R i 829 285 R Ak AN

B O R R T Y T B R B A AR B, MISRLL N,O HERCR B, HiREms L

(emission factor) AT . IFHME I FEFTLEAL & R FEETE ST REFSAE 1 N,O. FFLL, SR

PR EAYIFA] BRI AT, HARMEMEIFRIE A ¢ sr B HE i 22 5006 5 NLO HEil i B3

AR W, W H SR AT R IR 31 0 AN CEESE TR ok AR P A B R A

A P BRI U5 R AR A8 AR AT RESE (discharge nitrogen) 1 ft 5 [ i 1k Ak 2 3 7% vh

e 0 6 R B ER v, X T AR SR SR TR NLO I HE R B

S S N . R, 3 B T ST R AT Williams 25 Hu PR UNEPIR$E 9 5 <

[T NoO FEMC B A = Co LIBRIRTR fl A3 T R0t B NLO BRI B (3 3),

FHIG S R BICY, JLEET 1000 kg FOATERL, 75 = H G T ITA IR G S R rp R A 1 B

T 526 kg fa, R RS (food conversion B HERCEL, T LA FE5E 2h W A 7 A 4 R R

ratio, FCR) N 1.9, faPRL& N & 4.8%, BT g%, H X ek A 09 0 (5 58 18 38 ) 45 4

3 JKiFFR3E N,O HUHER A 5T BUIK
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2 AL N IS AL AL ], IF R T R AKAL B
() N0 HERLEREL 23518 1%, 2%H 5% F
1.80%1, Williams Z£4fil44 5.5%107 t fa = B HEK
1.2x10" g NLO-N (H FAEH IHEHR, SChdh b
) 1.2x10'" g, 3 3), KT Hu FED A FRLE R,

F R FHRCR, SRR T A2 R AR 3R = 3
71.43%), & A BIFFESS SRAE NLO HEik RECK 2
B O T AR . BARXT 2030 4K 7= 57 5 HE i
NLO-N A B 45 5 F Hu 2580, /1 Williams
VA 5 1 2030 AR IRt R RO, BES

<11 4 =1 P D =1 s P . — 2 D
Williams % BARRI AR FCRAVE THRbR A0 Hu %P0 UNEP i F 5 45 SR 0474 30 LA
&3 KEFEHM N0 M ELSREER
Tab.3 Comparison of the evaluation of N,O emission from Aquaculture
Williams 45
TiH item FH Hu S0V URI A% R A 5 Hu %0 UNEP!
evaluated with efficiency of
nitrogen used by Hu et al®®!
¥ y= 18 /kg fish production 5.5x10" B
R/ % 2.7 - 2.84%
nitrogen contained in fish
AR T R (g/a) 1.5 x10" 1.49x10"  1.57x10" 1.2x10"2 (2010)*
nitrogen in farmed fish per year yield (5.5%10"x2.7%) 1.7x10" g (2020)*
2.5 x10"(2030)*
Tk AL R AL FCR 1.4
AA B % FCR, 1/1.4=71.43% 23.22+5.88 23.22+5.88 21.05% (2010)*

utilization efficiency of nitrogen

2.1x10"
(1.5/71.43%=2.1)

A4 A N/g total nitrogen input

BVHEC N/(g/a) total discharged N 0.6x10"
N,O HEjiX % $1/% emission factor 2

N,O-N j=Ht/g N,O-N yield

1.01 x10' (2030)*

B ARPI I NLO-N = &t /[g/kg(fish)] 0.22
N,O-N yield per biomass

1.2x10" (K 1.2x10' g) (2009)*; 9.86x10"°
should be 1.2x10' g (2009)*

21.52% (2020)*
23.58% (2030)*

5.7x10"(2010)*
7.9x10'(2020)*
10.6x10'2(2030)*

4.6x10"
6.2x10"
8.1x10"

2 1.8 1

6.42x10"?  6.76x10"

4.93x10"?  5.16x10"

9.30x10' (2009)*

5.2x10"-2.3x10'° (2010)*
3.83x10'" (2030)

6.3x10'°-3.1x10" (2020)*
8.4x10'°-4.1x10' (2030)*

1.74 1.69 0.83

W SRR,
Note: * denotes a particular year.

Law 2513F1 Kampschreur 2504545 7 % K
REFRTI) NLO HEi 5248, 434120 0.001%~6.6%F1
0.001%~4%., UNEP 75 /KA3 T N,O 7= A it
FE4r R 2 AP BL, B — A Bk A AE AL B AR
Horp—2 b B R R BB % Law 507,
4 0.043% (0.035%~0.05%), = AL PRI FR A HERL
ZB % T Kampschreur 255914 0.6% (0~2%); 45
TAB B R AEAE RHEK B HE L A, T
IPCCP ) 0.5% (0.05%~2.5%), ASCAMHT T 2014
EEA R RNE BB R(G#E 4), TUE

H, T R K R K R AN SR AR K A BB 22 G
BEKPEDT . RAESE A B RNE AT TO S 2
W G 5 i A B R R NLO AR BT, e 4
AT IR K P NoO B 7™ A 2 B 1 K ™ 97 5
N,O AR A iR 22

5 A B SC T SEBROK T IR B I Bl
N,O HE R BRI TEE R . T LR, K7 370
R NLO HETR AR B T B K Ak B et o v
N,O HEi R & W ET RS, & 5 R NO HE
TR BORHE TR A, 1 Hu S50V
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R4 20142018 FXRTEKLIE N,O WHIR AR HK 2 AKHAKTRN %)HAR
Tab. 4 Several related researches about N,O emission factor (% of total nitrogen or
ammonium nitrogen inlet) in waste water treatment plants from 2014 to 2018

- NLO HEFR L

i . o
foolRER (I 5 B0 K R 19%) H K i
ype ot waste water characteristics of the influent remark

treatment plant

N,O emission factor (% of total
nitrogen or ammonium nitrogen inlet)

TG R

activated sludge

SHARON T. 258

At S 3R A AR E
sequencing batch
heterotrophic
denitrification

At S IR B AR
sequencing batch
heterotrophic
denitrification

Pt A k- B AE AR
sequencing batch
nitrification-
denitrification

SR A AL
heterotrophic
denitrification

S A

nitrification-

0.089-0.51

3.7%

H 88 B B B Sy itk K AU 21%;
LR AR A K H AR 41%
21% mannitol as carbon source;

41% acetic acid as carbon source

B Rt IR 2.3%;

LR IR R 1.3%

2.3% with methanol as carbon source;
1.3% acetic acid as carbon source

EE AR TR EREAAR 2.5%;
TR AR AT N R BREAW
0.14%-1.06%

2.5% of removal ammonium nitrogen
with high dissolved oxygen; 0.14%-
1.06% of removal ammonium nitrogen
with low dissolved oxygen;

AR EE N 680 wm Ry k7K
TN 19 0.53%;

AW R R 230 um B Atk ok
TN # 1.57%

0.53% of total nitrogen at biofilm was

680 um; 1.57% of total nitrogen
at biofilm was 230 um

(1.52£0.43)%, (0.52+ 0.03)%

HLIC UK B M (28.6+10.5) mg/L
total kjeldahl nitrogen
concentration (28.6+10.5) mg/L

HAWE 1050-1500 mg/L:
ammonium nitrogen concentration
1050-1500 mg/L

AR H 200 mg/L
ammonium nitrogen concentration

WA WE 62 mg/L

ammonium nitrogen concentration

RARMTE 7.7-52.4 mg/L

ammonium nitrogen concentration

HEAK C/N R NLO BYHERL;
COD/N KAK 273 N,O Hejr it
B4 s £%

C/N inlet effected N,O emission
significantly; too low COD/N led
to 5 times emission of N,O

70%81 N,O 7= F IR A4 70%
N,O produced at anoxic condition

N,O EE L TE LS R B BL
HE 7K 58 G T A TR A R
N,O HEBCR G N,O mainly
produced in nitrification process,

N,O concentration increase with
ammonium or nitrite inlet

A IR TEL E S 680 pm BFE K EUA
(31.0£1.5) mg/L; A=¥JEE A 230 pm A
PEK A (51.0£2.5) mg/L

total nitrogen concentration was (31.0+
1.5) mg/L at biofilm was 680 um; total
nitrogen concentration is (51.0+2.5) mg/L
at biofilm was 230 pm

LA 50 mg/L
total kjeldahl nitrogen concentration

denitrification

Williams 24185 NLO HEji 22 BOR 35 J5 58 i 7 oA
RERE A B A, FrLL, H NL,O HER & A REAU KT
. NLO HEi R 504 X E 1 K/ o

AR FRFEAR EC I NLO HER AR 1 22 51 B &
i T 7 B Rt 38 2 5 1Y N, O HERL 2R B T8 R K
FRHE o MEIR K FRFEARL 2 v A7 Yt A i 1 HE S
fIEF Hu PR 51.69 g(N,O-N)/keg(ifi )],
A AR T UNEPRIMEH[0.83 g(N,O-N)/kg(HaFk
Y1, JEWE ST A R AL R SR
BRI NLO BHE A S TR 3R 4 P
AW NoO W HER R B i & & il

B T A, SCATRMRAR 0.2%, MR 75%1)
RAAHECE, W AGEg A AR 0.26%, 1194
K Forf C L iE LM N,O B HEl R %L
Bouwman 2P0 (14 6 a (finfish) EHET 0
38~25 kg(N)/1000 kg(#a3KH), NS+ IR 1.8%[)
N,O-N HEi &%, WA &) N,O-N HEs N
0.68~ 0.45 g (N,O-N)/kg(H#a3kY))

R 2 AH ] 4 FRFE A, AN [R) S 28 451) 2 1]
NoO [ A: L] 22 S K (3R 3), JR PRI AT fE &
(1) AFLSE 6 0 LI JE K AN TRD (2) FREEXS 5
AR By Be AN TR, 50 A 4 ad A 0 1 57 B
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Tab. 5 N;O emission in the production of food fish culturing
N,O 8§ N,O-N k%
y ZOR RN LI o7 ¥t 5 1 i/ ,
AR FAECR %) $£@f%ﬁ*£% PYISIVIE FeIFA
ypes o emision factor of N,O g NoO/kg (#3K ’ ) water treatment species
aquaculture or N,O-N (% of feed g N,O/kg (production)
nitrogen)
MK IR 1.23 (N;0) 1.36 g(N,O-N)/kg Bl R pfe fiE TG0 dEMES Clarias gariepinus
recirculation R4 N 7%
aquaculture system Moving-bed nitrification
reactor and activated-sludge
denitrification reactor
FEH R @™ 0.46 (N,0) 1.23 g(N,O-N)/kg FEMH rice field #ifl Carassius auratus gibelio
rice-fish culture
T 32 401 0.54 (N,0) - FEM rice field & #J Mylopharyngodon piceus
rice-fish culture Al Ctenopharyngodon idella
T T 72 ) 0.71 (N,0) - FEH rice field 14 Hypophthal michthys molitrix
rice-crabs culture
bt 7 £ 1O - (7.44+0.98) mg - 13k %5 Megalobrama amblycephala
pond fish culture (N20-N)/m
(FRBHIK 1)
(aquaculture area)
5 T 3 0 g g 1) 0.66 (N,0) 1.64 g (N,O-N)/kg FHH rice field Ji % Eriocheir sinensis
rice fish, crab, fafi Clariasf uscus
shrimp culture H 278 #F  Macrobranchium nipponense
g g2 0.35 (N,O-N) 0.18 g (N.O)/kg FEHI rice field AEM%E  Aristichthys nobilis
rice-fish culture
% 1 22 g 1) 0.66 (N,O-N) 1.64 g (N,0)/kg FEH rice field % Eriocheir sinensis
rice-crabs culture
AYgEEFEED 0.2 (N0-N) - HA IR Je% #4k:a Oreochromis niloticus
biofloc technology heterotrophic assimilation
of ammonium
PEER K F3 541 1.2 (N;0) - AWyt UEAS biofilter Je% % 4E4n Oreochromis niloticus
recirculation
aquaculture system
EFRIK FR ! 1.3 (N,O-N) 1.69 g (N.O-N)/kg A Wi R AR 2%k ) fifi Silurus astotus Linnaeus
recirculation biofilter (2% exchange rate)
aquaculture system
5 2 40019 29.57-29.77 pg/ 0.72-1.02/[kg FEH rice field FA4Ehifit Catla catla,

rice-fish culture

[N,O/(m*-h)] (N,0)/hm*! [ W% Labeo rohita,

FEFfNHisE Cirrhinus mrigala

¥: BFT RRAEWRBEH AR RAS TG K FRIH.

Note: BFT represents biofloc technology; RAS represents recirculating aquaculture system.

(3) syt e b i R A A PR T R L 4R
5 3 A ek 5 W i A0 5 XA ) MK 2 OK
i, DO. pH. FREF)HES; (4) AR
ARG % IR IR TE

4 KFEFRERRER NLO HERHY R B

MRl AR Y, B 7K™ IR BH i A o
NoO HE 0 P R AL 4G FRFE I A bk A R Bk

FIUH MR EE A Lm . Kk, TRCRBCN TR
WU /D 7K 7 SR I R A NLO Y HETR -
4.1 FRARFEFE, BOENKFEHRERTHE
2016 4EAERAYE FH A SR P 2 5.14x10° (1%,
5 ) 75 A 14 %) B B R A T OB R IR, R R
FATP LY 70%.  HYE K S5 50 AN B AR 58 7 1 o5
S FEFE P I LR AR T, 2012 4R RIS AR
FrfasE, 2014 4F 8 53.8%, 2016 4E#E 14 46%, 158
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TR (2 17%) (B 3)104 34 3
LU A5 B4 34 0 25 BH RS R ) 7 i T B A KR 1Y)
A AR BB N, 0OR AR T Gk
EEH NoO HE B ff R, Ry R v/ 4% 1 97 4,
AP AR SR Y R R

TH T R P K P SR A Rl 4 b th & 2 T R
ARk, TE SR R AR P A, 2016
MRV E B B LB BESRL S R
HATE 4% 247, B A BEfa, KA s s
R PRI TE 10%LL . TR R — ik
R, T A M B 0 vk e 40 oK A R
(40%LL F)MECE WKL, FHILZ T, IREFRZ R
TEEE . R MEKA S R FRAE T ORI, B
ESINDRE X7 S R RS DIV b S N R I PAS Ey
PSR SRR AR A O, T DLE t, B
WEMEFRE R R A S & . AR S T
TEE PR AR SR AN
4.2 FREDFHHE, BRERMAME
Vi 5 S ) R 1 A T AR K AR
BRI, BEFR A E IR 3R BUR IR 58 0 2 (extr-
active species). 2016 45 F7 4k B FRFEFh IS 19 7=
RS IR R R 49.5%%2, AR Z
BB WG AR IR (MTA), Kk a2k
ERAMEY) . DB AR S A5 SR 2 R AR Y F
KIATIRTE, EFY T — AR IAE R
BRI . IMTA 7] UG — A58 3 1 SR 5 R T,
TE 458 F5 G R A5 R A SR X S 35 5 (X 3
PEAT A BERLR, W] DL S A U Y 48 A RN

)I—\]’%\

WO, SRR A I — R A S R AR

e P % B 2 0T AP DR AR AR A [ R TR
P i) — PR gE A, RS K SR, BT
FAFA . WRAEAK A, SORT R 3R 5E sl i HE
Yy R K FE B AIL AR, fr 0F A4 75 3h T DL B3 U+,
PR HE Ve TS SR B oA, KRR AR KA R
T4, AT SR Z R . Wu 2B T 5T
FW, R FRAE T LABEAR 66%N,0 FHERL

A2 )8Rk 55 Al R (BFT) 38 1 18 45 Bk (C )/ &
(N)OW/W), A5 S5 7 A0 TR R 38 A g 7Kk A b i
AR Sy A TR v ) B T R AR SR A A A v
AAMME, WAl w . A PUER . KRG
Wy K S5 A Bl A R A 2R AL, A 2R A T
IR R HEE, W T /A %
AL LR Hu P et s £, 58T A%
TEAL PG IR K SR =CAH L, BFT BRI DL RIS
80%M1 NLO HEL . HET BFT 1E 78 2Bk [l P 4
7, FE S S M XA FLAN X IR R 2 A £ 7
B ARG TR RO

5 REE5R24

51 WAFBHTAR

5.1.1 FEKFFEBE N,O F= 4 ME )TN
R AR, AR TR FELES N0

HE T 52 D0 P B 5 b, R B K R SR B
N,O A3 L BE A S HAD U A B, R2) 1 0
IKFEIRE NoO HE R B WA TR o P, B il o
SR IR IR AT B B — € MU R AR AT S,

5 word H1[E China
60 45 30 52
e 40 50
g 3 % 82 =P %
g =& g 1 48 2
S 40 30 § 2 20 N 15}
= Q o (3}
2 255 g N 46 g
a 30 =% a 15 44434 1- a,
° 20 © 44 <
= S 8 - R
= 20 4 byl 1532 =10 444 ——'~—'=‘—-42£
i R R
L4 H I s = £ 5 SRR EEEEEEEE
0 0 0 38
2001 2004 2007 2010 2013 2016 2001 2004 2007 2010 2013 2016
m B fed species W AEAFMZ unfed species mmmw  AREAFFIE & L unfed species ratio

Bl 3 2001—2016 4 HH F(Ze) A [ (47 A3 b A B0 €3 i 7 1 1O°)
Fig. 3 Feed and non-feed foodfish production in the world (left) and China (right) in 2001-2016'*!



614 Hh K R %26 &
xo JLrABRAKMMARMNFESXNEREF BABKIER
Tab. 6 Nitrogen retention and excretion of feed for several typical carnivorous and omnivorous species
BEIRIK AR R RS R (ke AW/ (g/ke) RHE/ (2/kg)

s species

feeding level FCR nitrogen in feed nitrogen retention nitrogen discharge
i1 %) Oncorhynchus mykiss Ml %M apparent satiation  1.13 67 23 44
T 651961 O, mykiss BT apparent satiation 1.25 67 21 46
JINKILAS i 41 167 O. mykiss juvenile & IXIE apparent satiation 1.36 66" 24 42
FKFAK 1 15 ¥5 7 O. mykiss juvenile &M apparent satiation 1.21 66" 26" 40
T i 45 471181 O. mykiss juvenile 1.5% BW/d 0.63 77" 39 38
K P PEEE Salmo salar M apparent satiation 1.07 79" 29™ 50
i7" Sparus aurata &M apparent satiation 1.79 74 16 58
fif§"”"1Sparus aurata WM apparent satiation  1.24 89 26 63
fi§1"*! Sparus aurata 2.9% BW/d 2 72 14 58
{17 Sparus aurata’ 1%-4% BW/d 3 64 17 47
JE I 574 Silurus asotus 1.27% BW/d 0.71 69 35 34
JE I 577 Silurus asotus 2.5% BW/d 0.80 78 39 39
% 4|41 7%) Oreochromis spp. 2% BW/d 1.12 72 32 40
%k Oreochromis spp. 1.24% BW/d 1.12 44 21 23
Je % %4k Oreochromis spp. 1.6% BW/d 1.15 59" 35 24
e
jsziﬁfh% iusmaxi mus juvenile 1.64% BW/d 1.23 7 307 49
[ P i) Di centrarchus labrax M apparent satiation  0.83 75" 217 54
AL FH 5 Cyprinidae juvenile 7%—8% BW/d 2.39 49" 9" 40

T * R BOBLEE AN B, 3005 th AU B AR R 5

Note: * denotes estimate from crude protein. ** denotes estimate from nitrogen retention efficiency.

ALK FRFE 7k NoO HE B B S

512 KFEFERMETHZMN,OHMWEEZERSER
B TG IR R B ST BR B TR I A S
A6 R AR, DRI 2 A A il A R S A A i
5 RIKAL B A AL A SO A B A T, T
£ AR SE DT AT AR RCR 2 5, IR
MR E . C/N SFIREEINZOR AL . i il
WA NoO HE R B BN R, &2k —
FEWIH NLO J7 A i 2P E RIS e X 1l A L, LA
IR AR 5 0 R R PR IR FE G G A A R SR A

FEAIE NLO U HEREE K .
52 B4

KT K FRFE I B NoO HERCIE 2 5 1
RLE, MHRT IR IR A NoO HEH i 52 I 4
Mo, #)Z K RIE R A T T 15K 4t
BB NLO HEBCR BRI 7™ Fr 588 ™ B A 3
OIFTEIRERN, FRAE A NoO HECR BE ik
AR T BROKAE R A NoO HE AR %, i H,

YYH — 2P 7K FRFH 7 5 AR U AR R A B R
o HASFEFRFHA, Z AR B R R
MM L AR 220 DEAKFRFR B A
Qb PR A AR S T K AL BT i kb R AR, (R
TE IR IK S5 50 77 o A BROK 77 SR 7 A L g
oo BUL, 3EFHEAKLBT 1 N0 HEjik R F0RE
FRB L NoO HEBCR A3, 238 25 5 I 102 Ji
Ko R T REGEZ WITM 7K 7™ FR5H G 3 1 NL,O HEK
T, NTF B RGEMATSE . T LAIE 3 75 46 & F A
FRIARE I TR, B 2 PR R RS A BE AL 25 1 T
TR,

S 30k
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Analysis of current research status and prospects of N,O emission
from aquaculture production
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Abstract: N,O emissions from aquaculture activities are attracting increasing attention. This paper compares the
results of experimental studies on N,O emissions from aquaculture and estimation studies based on material bal-
ance, analyzes the state of nitrogen emission from different aquaculture modes, and constructs strategies to reduce
N,O emissions. The results showed that the N,O emission coefficients measured in actual culture processes were
lower than those in wastewater treatment processes. The efficiency of nitrogen utilization and the pathways of the
unused nitrogen from different farming modes were quite different. In addition, the nitrogen treatment approach of
the recirculation aquaculture system was the closest to that of the wastewater treatment plant, but the recirculation
aquaculture production accounted for a low proportion of the global aquaculture production. Additionally, being
fed is not required during the production of approximately half of the aquaculture yield. Therefore, the results
based on the N,O emission coefficient of the wastewater treatment plant and the total N,O emission of aquaculture
production will be significantly larger. Currently, there is still a lack of basic research on the production of N,O in
aquaculture. Therefore, this paper does not establish relevant estimates. Future studies should conduct systematic
research on the production of N,O in aquaculture activities to provide theoretical support for the objective as-
sessment of N,O emissions from aquaculture activities.
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