; N A b, n
%27 %W 5 W Wl ¥ REZE 2R Vol. 27, No.5
201849 H JOURNAL OF SHANGHAI OCEAN UNIVERSITY Sep., 2018

MEHRS: 1674-5566 (2018 )05-0748-08

DOI;10. 12024/jsou. 20170402038

KFEFRERAKATEE # AT ISR R B R RES

ZEE

(L. LK™ SR TREARBE ST p, B 2013065 2. AV FRIR KK ™ Bl B IR T ) 90 9 %8, B ifg 2013065 3. |- ¥fg

PR KR PR s L, B 201306)

O KGR R SRR 29 A A I 9 K SRR K B A A0 UIPERE . e 1E A A 22 5 Ak
J W FREH KR TR REAS AR TR AR S b BN AL i f B R AL IR A il o LT[ P SR L 56 T Ay
PG TR ) T EE SRR IR AR S AGE o FREE/K 14 F S PR A AT LA M 3R A IROK A PRl Bt (B T
Do AR SCHET IR IR S K AR B2 IRRHIE AR 1 SR A K S R IR ROIPAG R, ARG X e 1 b g
PR, 2 1 BE B E AR e AL SR AR R R A SRR . X0 T EAE AR 77 RGEFIFRFERN R, P BLA A=
FEAT R IE AN MR AR X S PR SR A A B AR TR £ R 2R

REEIA: AT IRIE ; AKAEEE; KT IRB R A 5 Kb e s PEAE SRR

PEHEES: S 959 XHEIRERS: A

“FREIEFRKT FREE K BT B I e A
BT G B A AR DL Rt BT o PRI I, R B 7K B 55 97
PEIe IO PR BB AR 40 K R U Y e el
REAE R TR A A R 8 /b, o 55 50176 S 1 #1455
Ly R A S ISR GE K 1 AR T RT DA
BRFRFEIG S0 AN FEK GEUR (AR A RN T, e
FRIAN R — G R B, IR 1S A=
PRI AR B TR AR O g Rz R,

YR R KRR T, K 7 37 BEL K 8 0TS e K o
FRIA/K AL PR T S R A A BOK AR L
(1) [F) Ik DA 2R AIE F7 BB 0 G 4 4, SRR ER B f
RN %4, T EA bR EF X LU F
IR FRFA R AT T FRAE , 3% BEARVE AT DL A 48
FHRAVEAS 256 T /K i w82 52 1 T 1, A5 A i IX
bilINPS b Br AR L A S SR T = e | €1
SEFEbR 23 BEAR, T A LE 45 A5 BE AR 2 A AT 478
o BT L, TESEA T 37 58 F K 55 2 F i AT A7 1 oF
TR ET 2K B kbR, 253 37 580 3l 5 i
TR T AN B S 1) KT B AR B B bR A
REF B AFRIH R G0, X FhITAL RE 98 X % 5 7K
AEFREA ST LU L 2R A4 5, 75 DR B 5% 58 X
FRAEWIHTIE T, b BT B AR 2 48 = Ab

WA EHA: 2017-04-29 f&E HH3: 2018-05-11
BEWE: LiETREEARZ IS REIME (14320501900)

PR MR 4

ARSCOI AT T K= SR B 3% K A B 15
Wiy, FEBEREA b 3R T R g TRl IR K AT
AHPERIFEAR , H T X LE 5 AR 7R BLA b o o 1 S
SE LA i 5 7 98 7K 5 52 R JH AT A P b Al A v
PEAT T T AR

1 FREENE SR K BT s

SktiA= 3y 3 2R H ik oK 46 A 90 F0 g i e
PERE RN, 26 R T AR A B AR R
i MRAS B 3R 0 i L (14. 7% ~20.5% /¢
A LA, R LR R B L L Bl
Wi 2 ~3 450 sk, R s e Y ke
Ann g B K AL LR 2.0 ~2.5 4%, T4
K 20 ~30 435, N2 R 3 ~4 150 3 S8k
ST £ 7 £ R i T P45 B I () X 0
MR AT R, A 25— 30 43 P ML ARDIS A Rl ) P T
HEME R R FREE R R, K AR A
AW EFRSTE(Y 25% ~55% M) FgH
P00 AR RN B A AE T SRR K AR,
R SRR R R T, 0 FR A % 4 T
HERFIR S 00, DR 0, 35 00 35 B 114 K 7 9% B 7K A

YEE TN : B EZ(1974—) L, Z082 10 05y m K = SR FK EE FIH . E-mail ; gzhluo@ shou. edu. cn

http: //www. shhydxxb. com



534

B R IR K AT HE S A P PP S AR SR AR HE BT

749

e L — ARSI AL B 5 AR I BEA G Y
SR , A A n] RERCH A

FRA R P A 3 RGP, S — KRR
B AN B sl B 17t 1 R HE H AR 55 5
PRFRFL R P B IR T B 255005 28 =28 2
FRARIAR 40 i, A 45 38 00 L% o AP D
TS RYEAR E B I, AN 23 PR O SR e 7K 3 S 7]
JEIT B A 3550 20 52 Wi SR A0 Xk G & A AR B . AR
TFACH) BT K AR p 22 R 4T — R RO, e 2
ESUSES O IP ST TE A7/ BIFOY S (R ey X7/ KD)
TRRAR AHIRER IR ER BRI ER A i A L
SFOE D) o X sy R B A B i A m] A
P, HERCR K A T B2 5 1k W B SR

Xt 1980 = 2010 4F[H] A R AW TR A5 K
WA R R G R’ 5% ~T% , B SN
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1.5 mg/L WASEER A, 0.01 ~5.3 mg/L F4ER A A1
3.1 ~17.7 mg/L WAL o HZ i i 2, 1R
EAISE A AE S i un k= £ 270 3/ SN AIE
FEAE SR T A AR SR FE 0 IS R S
45 AR AELS G — AR B HE O B X TFE
SR B A PR, AR A R C TS 4
SRR TR 9 £ i R R HE R R i, R
ARGV MRIHR IS % FIIE S,

K
Influent

Bt

R

|

Feeding Oxygen
’rﬂ*ﬂr?&%)\‘H

\ Feed consumed

\ "

W |

Biomass -

N
724 Produce Co, P
WEE Consume O

feed

Hidlt Excrete DIN,DIP JRIH
Unuse

FfE

Feces =

PON

POP ——=DON
POC DOP

a—

HK
Effluent

&1

KEFERERENRANS U TEE

Fig.1 Sketch of food-fish-waste system
PON; Particle Organic Nitrogen, k.45 #L%(; POC ;Particle Organic Carbon, ki 4 #Lik; POP: Particle Organic Phosphate, ki 45 #)1,
fif; DON; Dissolved Organic Nitrogen, ¥ fi#A HLA ; DOP: Dissolved Organic Phosphate, 75 f#4 HLi#% ; DIN: Dissolved Inorganic nitrogen,

i ICHLA ; DIP: Dissolved Inorganic Phosphate, i JCHL#E
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Tab.1 Water quality assessment index for water reuse in aquaculture

Al £z PRiEZE T Y meE3 FRFE AR AR AL
Type Parameter Type of criteria Priority in reuse Change
%% Ammonia A% Wk ko +
WV FEFR Nitrite A EEE T +
IwES 7N fiffi2 Nitrate F " +
Metabolic wastes I Z Pheromones F ® oKk +
#1k-E % P compounds F % +
A ML) BOD/COD F % % % +
Vi %8 Dissolued oxygen A T
e =
?k{ﬁﬁ Uk T4 fkH#% Carbon dioxide F T +
Dissolved gases itk A Hydrogen sulfide F * ok ok ok ok +
H 4 J® Heavy metals F * +
i 4 Chlorine F ERE +
Toxins B4 Ozone F % ow ok k% +
42} Biocides, toxic organics F H ok ok +
ﬁ{gﬁ;%»(¥%E %'I‘\E Salinity A% % %k ok % 0
Dissolved or S RAEY) i Total dissolved solids \% % % % +
suspended material S WURI Y Total suspended solids A% EREE +
. FHE G T Surface-active compounds 1 % % % +
HoAtustr
pH F ® ok ok kK
Other parameters

A 0% Color compounds 1 * +

Vi EEIT COLT AT, F. Mg dhR: V. AIRER: L f5s bR, BOD. AL, COD. fLgiht,

PO ORI, - BRI, 07 R B LR

I CEN Wi

Notes ; Edit according to COLT. F. fixed criterion; V. variable criterion; I. indicator criterion. BOD. Biological Oxygen Demand, COD.

Chemical Oxygen Demand, More “ * ”

3 FEBA K= FRALK BT AR HE

T B A N IR I B AR A i)
(2014) (e N RILFIEDK 75 G PR k18 IR 5
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means with more priority. “ + ”means increase;

« » “n»
-"means decrease; “0” means no change

(F58) ) (2016) | (e A IR 70 ] 95 4 3R 355
i) (2000) (AR N RILFIE K3k (B1T) )
(2013) (A N RIE AN il 75 ) (2013 ) 253
FRILHL, T 2 ol (35 K= IR 58, B R)) K5
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3.1 EBUUERRAE
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g Tl K Sl W A B el U el
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VAR E T 55 BT A Wb K 38, st b K B2 T 33
TR AE T , BEAR R B 48t iZobn HE L 7K™
FRRK A H BT IRIE % S A S % X e .
3.2 GEMNERERE

(CHbFROK A EE B f A ifE (GB 3838—2002) )
FHT/KAT BG4 /K 8 95 o 5 48 3, o ) 1R
IR L TAT T A A Bt K 3R, A8 R b R K A
DIRe AR dr HAn g A 435 5 28, Horbry 1T 260K
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BRI T Cifalk K bR ) ( GB11607—89 ) Hr (1)
14 TR A5 , 3400 T 6 % i ik B2 BRAE
3.3.3 MK S K TR ifE

bR A HLAR Lz SR 25 T 2000 447 25 4l
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x2 PERAFXTFAFHREKRIRAELE
Tab.2 The comparison of the existing standards related to the aquaculture water in China
il KR v AT KR ]
Ceatokrg sk SRR S it I
IKIBEhRENR]) H KBTI FAOK R i iNGS Surface Water Mz 4/]‘
R H Fishery water quality Green VR Non-polluted Fnvironmental arine water
Item standards (Same as aquati Pollution-free t ality Stands quality standards
quatic L seawater Quality Standard
food freshwater .
Non-polluted products aquacult aquatic products
aquatic products water quality iuiudw ;rey water quality I m 1 i
water quality standards ) vater quaiity standards
JINZRUS ARl IR D A
Color, smell, taste S, SRR Sk v v v . . v
PR KEAREIIRWGL ] ] ] ] v v
Floating material PR
I <10, 1 HATE
BAE IR Swpended WTIBTIGHE A ] ] ] ] AE A
material i MR DU E <10 <100
W
‘ B 7.5 ~8.5, [AI A %3
#RK6.5~8.5, 7.0~ ARG
i P65 =831k v : : 69 S A 0.2 pi
: B
&2 24 h 1,16 h L) Eah
ez BT S, HARAEATI AR
Dissolved oxygen mg/L, FHET 3,05 TERHAAN 5 - - 6 5 6 5
= SRUKIRVICES AT A e
IBEAHET 4
ORI AL
Potassium  permanganate - - - - 4 6 - -
index mg/L, <
AAF AR (5 d.20 °C)
Biological oxygen demand NS, . . . <3 <1 1 3
(Five days, 20 °C) mg/ UKEIASEL 3 = =
L, <
SR AL n s I
Tolja}ywlfliﬁl)nn bacteria VB S 000 4/ L( WU vV V4 Vv R _ 10 000, 1 A A= Fr D1 26575
BK BRI 500 4~/1) KIFL<T00
Number/L, <
FRHHRETY/L Fecal " o 2000, B AZEfr 2R 575
coliform ,Numer/L. < . B Il KK i 2 000 10000 JKFE<140
TR < Rk
7K Hg mg/L, < 0.000 5 0.000 5 KR 11 0.000 05 0.000 1 0.000 05 0.000 2
. liiliErk
i Cd L, < 0.005 A <0.005 <0.005 0.001 0.005
5l mg/ L, < v v AmREn S =
HrPb mg/L, < 0.05 Vv Vv Vv 0.01 0.05 0.001 0.005
B Crmg/L, < 0.1 - - Vv - -
O Cr (6%) me/ ] ] ik
L. < Vv KR 1L 0.05 0.05 0.005 0.010
liiliErk
il C L, < 0.01 - N 1.0 1.0 0.005 0.010
il Cu mg/L, < v IKBARIE 1L
B In my/L, < 0.1 - vV Vv 1.0 1.0 0.020 0.050
4 Ne mg/L, < 0.05 - - - - - 0.005 0.010
GINEZIN
fiff As mg/L, < 0.05 vV vV KR 11 0.05 0.05 0.020 0.030
fifi Se mg/L, < - - 0.02 0.01 0.01 - -
a7 GEY/N
Cyanide me/L, < 0.05 - Kb 1 <0.05 <0.2 0.005
ALY
Sulfide me/I., < 0.2 - - 0.1 0.2 0.02 0.05
E 2]
Fluoride (F-) 1 - Vv - 1.0 1.0 - -
mg/L, <
EETH
Non-iron ammonia 0.02 - - - <O.5(ZE) <LO(HA) 0.02
mg/L, <
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iz s

line S|

Item

il K i
(FEAEAKT 2K
IKITHRHER]) At ERRIE
Fishery water quality Green
standards (Same as aquatic

HIFIKENE
R
Surface Water
Environmental

Quality Standard

SN A
e
WOKFRIH JHKoK G
FAAOKIE Non-polluted
Pollution-free P

seawater
food freshwater

|32/ NG
itk
Marine water

quality standards

Non-polluted products
aquatic products
water quality standards)

aquatic products
water quality 1 m
standards

. aquaculture
1t ality
waer QU ater quality

EI
Kjeldahl nitrogen
mg/L, <

0.05 - - - - -

TEHE(N)
Inorganic nitrogen
mg/L, <

0.20 0.30

LM Volatile phenol
mg/L, <

0.005 Vv Vv Vv 0.002 0.005

0.005 0.010

% Yellow phosphorus
mg/L, <

0.001 - - - - -

£l Petro mg/L, <

0.05 Vv vV Vv 0.05 0.05

0.05 0.30

TG Acrylonitrile mg/

L, <

0.5 - - - - -

PRI Acrolein mg/L,
<

=

0.02 - - - - -

(propyl) mg/L, <

[FfgE7K
K BEprE T

0.001 0.002

T DDT mg/L, <

itk
0.001 - 4 K BahrE 1 ) ]

0.000 05 0.000 01

LR7Hfi Malathion mg/

L, <

0.005 - - 0.000 5 - -

0.001

TS B4 PCP-Na mg/

L, <

s

SR Dimethoate mg/L,

=

=

0.1 - 4 vV - -

e
Methamidophosmg/L,

=

=

PR B
Methyl parathion mg/L,

=

=

0.000 5 N vV Vi . .

0.001

Z @A PCBs mg/L,

=

=

1R 7} Carbofuran mg/

L, <

s

0.2 - - - - -

Ak 2 5 % Chemical
oxygen demand mg/L, <

- - - - 15 20

Sl Total P mg/L, <

0.2(i.
J 0.05)

0.3,
JE0.1)

W M ®§ Reactive
phosphate mg/L, <

0.015 0.030

JEA Total nitrogen mg/
L, <

B & 7 22 I
Anionic surfactant mg/
L, <

04E0C ,By/L, <

NSy Ba/LL, <

10657106Ry Bq/L, <

0.2

lyéﬁlMCs,Bq/L, <

0.6

134615705 Bq/LL, <

0.7

“KF a ¥ Benzopyrene
w/L, <

0.002 5

T T FORARE, VTR GO K BRI E SRR BRI T E R EASREVE RIS T & http://www. gh688. cn/home/

Notes: “-” mean no provided. “\/” means same to { Fisheries Water Quality Standards). The contents in this table were from http;//www. gh688. cn/home/
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QUK BRI B 2 A8 , T2 0T 4 5 1 13 A0 i
JEB U E FRAE L v T H A b of, X SR ALY L 75
P AR S Y MLE 2R T A AR e, X 43 5B
ISR T XEJE , 3 AL 1 b o IV A B A
BT BRAERT SE PR A = 45 AR

M7 BRAE RN S i 2 (A AE AR AL e 2, — ik
AL, MBI 51 I A v, A v e 2 IR L
JEAR T 1 s v o 1 T PR OB 7 i S
R PRHERR T HLRE IR I A TR R, S T X
7 A A B 4 AR BRE T EL Y LS A L
Joo ARTEE AR I, BEAT— etk il A A FR B
ARSI, 32 2R A il K b o), 2 B
HA R A JEE BRAEL, 10 Rl K b o) v B A
BUAE L, 022 AR b o (R, 3
2o F 7 BT B Z I TS, W EAE S R A
T R LR e il 5E rh it — 22 B A 9835

4 5L

BOERMER) H AR T RE S X RIVEE T 4R )
FRFE T S ERAETIN , BT LAARAE B 045 2T AT A
WA B T R I 0 o #h T IF ] L 22 2% 2 05 A BR
i, bR T REAT — A A i A e A 2 Ah, F AT
PRIEIAR HE ) FRAE 32 25 TR S8 S Al R B TN R
XA A YR NEAS TR B 5 O 4 A A B T2
RS0 A My A AR AT SR 2 E 5T, LAIK
SRR A S RGN R H Y. R4
0 B R T U Y S B A A (L
e ZEHEAT IR B K H M 0K 7 SR E R S 4
R BRI T PR A AR S R G, BT 5L A
PR LAY 1 S D SR T e 2 A B B R 4R
SIS QLR AR SRR E R R,

BEAN, PR3 B B 16 b5 LA 22, T HL R
IIRRRR R AR R 2252 B AR AR A, H
TR K7 IR B AT b ok i il 7 48 — B AR HE L IR
MEo BIVEBUEC 24 T 5548 b Ao JEbn iz, X
IKTEIRFE A AL, TS IR 5 TR S P (14 57 B 17 D
PEAT T 2545 B XoF IR FE S SR A RE I

P BUA PR ER) ARG 2 2ok B TR 2R
PR TR IR A 25 2R - (50 X G Je ik (] 22 % T
FoRb e TR, T A4 B U 7 AT 52 B
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BIERAETEE N ; SAEREEAR— B 24 h 2196
h, FIWTARE 2 I 50% HYEBEAR 18 P 2 30
21| 90 d, T X8 2R 5 Wi ) | e iy 5 e 7R R A
S ) i ) GE T2 A5 B 45 R . R A SO
I, BB A% 2 [ 21 14 AH 56 SRk vh S — T T
A gE s A a5 THURSTON S84 5%
T HZAFXTULEE ( Oncorhynchus mykiss ) 200 , BT 5% 2
B 5 AR ORI FRA R G IR T R A
0 SR 2 T BUR BN RN S —HE AR A AR 1Y)
FL, RAERAR B 7R (P2 480 0 A i 4 61
SE) SRR B A T BB G, © A AR XY
PR RS B SO E A BR . AEE A, X
PRA A2 P AT R A0 SR R 3 BT S R A R K ST e
(SRR 2 48 AR T B A5 5 Al 17T 1E 2 W %
AR I 19X R DR SRR T R A il e 3 A [ L 1Y) A
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The evaluation parameters and criteria of the reuse possibilities of
aquaculture water

LUO Guozhi'*?

(1. Shanghai Engineering Research Center of Aquaculiure ( Shanghai Science and Technology Commiitee) , Shanghai 201306,
China; 2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture of PRC, Shanghai Ocean University,
Shanghai 201306, China; 3. National Demonsiration Center for Experimental Fisheries Science Education, Ministry of Education
of PRC, Shanghai Ocean University, Shanghat 201306, China)

Abstract; The urgency demanding to reuse the aquaculture water is more and more strengthen with the
shortage of the water resources and the constraint of the environment pollution. How to correctly evaluate
whether the treated aquatic water can be used ofr aquaculture again is the basis for avoiding insuffient or
excessive treatment and improving treatment efficiency. Few reports about evaluating the reusing possibility
was found until now. The reuse avaluation of aquaculture water can draw lessons from the evaluation criteria of
aquaculture headwaters, but there should be differences. The current paper proposed the evaluating parameter
used to of the reuse aquaculture water based on the effect of the aquaculture activity on the water quality.
Furthermore, variation criteria and fixed criteria are proposed according to these parameters. For established
production system and aquaculture animals, the recording and analysis of existing production behavior is the
basis for obtaining information that can guide the actual aquaculture activities.

Key words: aquaculture; treatment of aquaculture water; reusing of aquaculture water; water quality;

evaluating parameters
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