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1 MBS IE
1.1 EEAER

AW FE b I T A A T B S R X
WA B IX oAl R - DL FRAE b SEAR AL,
3 EMIE, gis o 1.2.3 %5 A5 3.0,1.3.2.0
hm®, DA TAME AR A X B, 5ok 4 5
FFAZIRE , H R BT 2L R e, e b el vD, oF
BEIIE] 76 IE 5 K AL BRIV KR 2.5 m, M T 2R
TICHER 1.5 m ¥ B S0 28, 2898 4~5 m, &
0.3 m, VU ZETAIARZY 5 i 3% T AR Y 15% , T 3R FA 3k
I, B IESA LA SEHEAK I T, A
Kk vE HEA T K, b P LA K ZE G AL
1.2 FELRE

2020 4F- 9—10 A X} 3 11t 3 00475 % L A vl 74
B, 2 )5, I EAKGTAR K ,2020 4F 10 H 22—23 H#%
TR AR D Bl KA R RT H A BEXT R, 12 H 31
H AR ST SRS B A, 3 1 Tt 8 v 2
FEAR—F, PR 48 R 6 290 1 500 B/hm®  H
ARFERUF 20 36 J7 F/hm? FER RIS 21K 60

Ji/hm®, FERCET IR 9 30 d 9 HBEK, LU AR 3
KA KA AR B S Bk Kk, A BRI
W], — A 3~5 d #K 10% , FZKIR TG & 2~3
d #eK 20% ., FEFHAFEHURIE S

o] poh 5 R et | 8 MR VR SO A 77 B A0 MR R 9
JE AR 6 3h KR KB RAEEER N E . HA
PEXTHR 2 B8 AR Oy il SE A SRR AT 40 ) T 2021 4F
1—4 1 4—5 J 5—7 Afigi L, il 20 i
B, FPURSE A FRAE
1.3 HRHMRESHH

2020 4£ 10 28 H 2021 41 A 25 H 2021 4F
4 H 23 H,4 Nubfigs kA 1R, T L7 10 B
11, REERZKFE, e B WL ) > AT
R, A It H Sy LA (BRI AH IR A SR
R IEPEBEIRER fb2E T AR (COD) , Bl
il 4 X 22 S B0K B 2 {3 ( Mult 3430) , I 5
K Fh B pH R (DO) F i,

AR QKK BRIk 7B K HE il 2
RO KT A VLA IS PR R R A
3 B RPN (R 1)

F1 ZERE EVNR EFEBBRESSRER
Tab. 1 Standard values of C,, ,C,,y and C},(,i-,p
bRt Ceop/ (mg - L7 Cpn/(mg + L") Cro3p/ (mg - L71)

—% <2 <0.20 <0.015
—2k <3 <0.30

GB 3097 #RifEfg 1! <0.030
=3 <4 <0.40
U <5 <0.50 <0.045
—% <10 <0.50 <0.05

SC/T 9103 frufkfE )
it <20 <1.00 <0.10
1.4 BEMEEFRLIEMNAZE Rk LA (R Eb) $2 i — Bl s B Rk o Hbr T

SRR A (1998) AR 48 v [T 2 VA 3k 1 i
A 3k A7 8 3% R BRI R AR, R B e E B SR 1k
A M A el R 90 T ML 20T 30 P 1l T A e M

TR L B VE A 45 50T 3% g &) 43 T ) D
%ézjls»lsjo

*2 BEUEEEFNITEMEXEFRZIX SR
Tab. 2 Rules for the classification of nutrient levels using potential eutrophication assessment model

23 HRN Ceop/ (mg - L) Cpo3-»/(mg - L71) N/P(JETH)
I TESR <0.20 <0.030 8~30

1 TEESR 0.20~0.30 0.030~0.045 8~30

1 CEEG >0.30 >0.045 8~30
vV, T R o] e o8 7 0.20~0.30 — >30

Vi P A R ARV B R >0.30 — 30~60




1 7R 2B 3RS K B K AR B B 25 4k 5 5 SRR BT - 87 -
25 Y Ceop/ (mg + L") Croyp/ (mg - L71) N/P(JET 1)
VI, TR AV A T >0.30 — >60
IVy FBR B2 R — 0.030~0.045 <8
Vi RS IR R E R — >0.045 4~8
Viy SR P A 1 E R — >0.045 <4

1.5 BB X

AR AR PR A4 W 0 5 405 2R Microsoft Excel
2010 HEATALERIF22 K A L DA TEHLA 6

AR 09 5 T4 S O B IR DRV I I BEAT TR

R E5THE

21 FESEKEEBELEFHETNK

2.1.1 KB Kb YEAKIRASShVE FCY 17.8 ~25.5
C, /K E 8 5 25 AR AR G, L1 KRB AIR,
-4 18.3 °C,4 Him, P4 25.5 C, X B ASUKIR
ARSI L5 bR AR L, (EK SRS b (1)

2

3000 |81 B2 03 m4
25.0 —1
] =
20.04 =3 =
2 N =
21504 =y =Ry
10.0 1 - =
501 By =N
N =R
0.0 . T — 1
2020-10 2021-01 2021-04
IR 1]
B &l 5% SRR AR 1k
Fig. 1 Changes of temperature in ponds and

the control point

2.1.2  #E FAuiEKIARER B ARSI 33.1 ~
35.2,Lh 1 H#R AR, P45 33.9,10 H & &, F 3
35.0, MIHAKIARER B Z K ok 8 B Rk
GYFER AN 75 ) B O e LA AR
X5 Y b B[] 5 R R 2D, 4K R KA 6
Xof JE R R BE AR B 0 5t E AR AL, (E R B2 W AR T
I, ARSI 30.3~32.4(F 2)

2.1.3 pH{A A ihdi/KIA pH (HAZ S R 7.94 ~
9.46, LA 1 HHfik,F14 8.01,10 H i, 15 9.25,
SRS ISR R R, TR WIREIRA s, pH H
JEIK AL R R AR W3 Bl 2R A R SR T
pH (E# R, 5 7R A P Bk A ¢, s 9 pH {1
REAR 55 SR FH A= W 4 A A 3 Bl A ™ 1 1% B fie B Ak

51 E2 O3 04

36.0
Y o
340 %:; s :;
\E N BN
32.0 1 \\\\ % :.
b N [IE\ .=\
30.0 4 %:: \\\\:: ::
S \E :-
280 % - -I
N SRIIERE
26,0 L - =
2020-10  2021-01  2021-04
ORER ]
B2 453500 BE R B AR L

Fig. 2 Changes of salinity in ponds and the control point

AT XIS pH (AR T E, BRI R E I
BYEEI N 7.55~7.96 (&l 3) .
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Bl 3 A xR S pH {E45 1k

Fig. 3 Changes of pH in ponds and the control point

2.1.4 MR A5 MU AU A AR i AR B
4 7.46~10.43 mg/L, Lk 4 A FA%,F147.96 mg/1.,1
H i, F449.68 mg/L, MK AT R A 5 A8 Ak
SRR YA VR KA AR SR AEY)
WP K HCHE M A P R i N T3 RS R A
Ko MIE AT i 42 B % T°5 mg/L, b T88
7K 3 5 0 MR SR 5 R N T U RN PR A
PV BRRAT G YV TR R B Tt T R E W AT
A AT, RERAV) I A AR T2 S5 A LAY, ikt A
P A SR AR WA R ) 5T I R AL
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AENT) X R SR R A R I ShE o 7.40 ~ 8.98
mg/L(FEl 4),

12.00 4 B1 E2 03 M4
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Fig. 4 Changes of DO in ponds and the control point

2.1.5 FFEE KUK IEMET AL D)
TEHEIH 0.57 ~4.57 mg/L, LA 10 H &A%, *F44 0.70
mg/L.4 A5, F1 4.07 mg/L; 10 #4546 KK
R—2briE, 1 H A 4 A5 A 2 = 0 ehrifE ",
(B FF A 1 K TR K HE B — e bm e ™ Xt B Ak
2ET R R SEE N 0.63~4.76 mg/L, 1,10 A 1k2%

T AR A TARAE, £ 6 i K K B — 28 AR
10 H & a5 yEsHiT , 1 A &b, (5 4 H
KMETHE T 3 Db, A B KK Y2k
(SR 3) .

2.1.6 RALR A IEAKARTCHLE & 22 S
}40.03~0.18 mg/L, Lk 10 H A, -1 0.05 mg/L, 1
H e, P35 0.13 mg/L, 540 FARME , Bk KK
it X IR LA S I SE o 0.44 ~
0.86 mg/L, 26Tt Jm B # | ¥  ab vlg /KK T = 2%
(SR 3) .

2,17 FWER & AWK S R
A EE M 0.009 ~0.208 mg/L, LA 10 H /i, V-3
0.020 mg/L,4 A&, ¥ 0.165 mg/L, 10,1 A
S FARAE, B8 1T 1 5t W 8 Ao Vg AR K T D 2 o
Ab AW FFG A hniE (0 4 7 3 s P
Rk e 28 ) S B T iR B, e v X R
TR A VA K K B DU SR v R 7K SR AR K HE R — 2%
PR, 0 RETE MERERR AR B Uk ShVE L 0.057 ~
0.081 mg/L, 2 M REAR R S, 1oy 2o Vg /K 7K Joi 2%
(SR 3) .

Tab. 3 Measured values of Cy,, €y and Cpg3- in ponds and the control point

i ; : Ceop/ (mg - L") Cpy/(mg - L") Cpo3-p/(mg - L)
B s ] WS - - - - ‘ 4 -
A 5505 R R A WE 550 IR R AR fE 55505 BR R A
1 0.61 - 0.07 - 0.009 -
2 0.93 + 0.03 - 0.024 -
2020-10
3 0.57 - 0.05 - 0.028 -
4 0.63 0.59 0.081
1 4.57 + 0.09 - 0.047 -
2 4.22 + 0.18 - 0.023 -
2021-01
3 2.83 + 0.13 - 0.014 -
4 0.69 0.86 0.064
1 4.41 - 0.10 - 0.124 +
2 4.36 - 0.08 - 0.208 +
2021-04
3 3.43 - 0.05 - 0.163 +
4 4.76 0.44 0.057

T+ R T, < -7 RORFRAR,

2.1.8 FACHE FIRM 375 W () 4% v 37 7K i bl 2
AR IR KA, A2 B T 5 R A K
R  Eh B = . SR WY pH (R, s
WA, WRE SRS ST 5 mg/L, BA FKIR
IR pH (A7 SR 5H Az 3 N3 PR P T A8 o8 A i

fifp SR A ) T IR B AR ) A A R R A 85 Y A
o WK AAL A R BR, TS R T
ABRAEL, 35 P AR ER & AE IR A 0 Y] PR 24T &
HEAROK T AR, Je I BB AR LS, et
A JCHLR YRR TR R & R R S A RHOR
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FRIE A A AT By Bl T S A | I iR A A N
H oK SRR A K,

K I 225 TR RS — Pl AR fi
R FRIEIE A5 B SRR R SR TR 2 T AE
W XA B T2 T IR A B LR TR
BRI, T 0 R SRR P R AR =, i R
S e T RO | 20 Rl LR i
HR-D1” 28R 2GR T, 258 sh W HE ) 5%
TSI 53400 03 22 B A i A 7 A A A K T )
TR, M AR = IR BRI , i BAE A (e
FPERY A F5 5 28 G0 DT S B 5 R AR Y
15 ROFI FH RS A T G R, 5 T DU 3R BE 1
I AEH
2.2 KEEFRRIEN

HRAE AR & B FR PR ik, X 3 1t s A
X RE S HEAT B SR, G5 R L3R 4, AN S
£W1,10 A3 B E LA S = HET 0.20 mg/L,
TP IR EL S R T 0.030 mg/L, AKIRE F: 401
F L RBMAEFRE L A, 1 S EBE LN 4.24,
TALA G BT 0.20 mg/L, G MERE R ER & S T
0.045 mg/L, KR EFRH R V., JE A S5 PR TE
PEEE TR, 2 5 3 S IE LA & = IALF 0.20
mg/ L, I HERERR 45 & 13K F 0.030 mg/L, KK E
FHI R 1, BIATE TR 4 A A e Ly
0.68~1.79, /NF 4, THLA FHIET 0.20 mg/L, I
PERERR AR & H 5 T 0.045 mg/L, KK E FR% I H
VI, B ARG ErE E SR AT, FRAEWI
KRR Z BB B8 FRRAS IR0 K 4 R
TGRSR ER S T S PR, ) B
Feh 16.13~29.75, THLA &85 T 0.30 mg/L, i
PERERR R & 8 T 0.045 mg/L, /KRB T2 40 0 111,
BEIEERRE,

23 EFBOEMTUIE

TEBA TR AR P, THLR & R AR s [
0.03~0.18 mg/L, I VEBERRER & 22 3l [l 0.009
~0.208 mg/L;3 K AR TTHLA & & 34k FAIK
{8, TG MRS R L & S AE R | AR b AR,
{BAEFRFE 5 RIS, ) PR L R A B s R BR 1
B E SR, X S ERERR A EA RS R PR
ST WEAE PR RS AT G, =
A (2011) S 560 5 HE 22 06 A7 10 HE 208 I HE B
A 0.02~0.40 .0.01 ~0.39 mg/(ind - d)'>,
A AR B AT A B A HE AR AT T PR AE A
X} 3 35 AR RSO FH R SBGE NG AU R T 1L R 16 ¢ 1
(BRIl 7.2 £ 1.0) 1Y Redfield &2 b KA

PRI AR A R BB N R B TR R R R TR, TRt
FEGK BRI,

x4 BEMEEFRUWINGR

Tab. 4 Results of the potential eutrophication assessment

BB [ 45 N/P(JEF ) BN
1 17.22 I
2 2.77 I
2020-10
3 3.95 I
4 16.13 I
1 4.24 Vi
2 17.33 I
2021-01
3 20.56 I
4 29.75 11
1 1.79 VI
2 0.85 VI
2021-04
3 0.68 VI,
4 17.09 |

HhHE AR ) Rk R T 5 R AR AR T
BF AL ShAHEME R — e gk 28 | o e
e/ ARG TR UR P T BT 0 b I K
Bt b 5 K AR = AR , K2 e i v S B i v 7
PR B IR BRI ARV B S SRRl
ME% (2018 ) 7E L IE “ R ( FLYHEEXTHR) - D1 (Jenif)
TRt S KR S N R R S R T
HRBAFRXT R 0% o B4 (2020) WP 5T &R PR, 7
“ JLANEEXTUR-45 0% A= ASAG R IR P AT 00, SR AR
TEVEBE R +h A B T IR R, N 2R A S 0 ) A
' ARBRTE AE A 0F- D1 20 SR 2 R SR A )
], AR TR S A TR, H Bk AR &
98 00 D 9 14 R0 67 AT 5 9 R R R o A U
$8 e I VAR K T DU 2B, B KR 1
e S ) Bl 7 A SR A B R AR
24 ZEFERFHEBEXMRBHEZE

LB FRIA R TR RIE K b R TR R 9k
WA 5 B B R 58, W R o R AL 8
FRY A BE PR R SR A N B, B LA R
B TR RS E A A R AT AR
D ZEFRER IR, DI AR 6l H A
XHUR AEE SR o R E RN R, IR AT A P
Be, HeH AR Ty il X MR AR BN T, 2t — R 5
AR RO IR 8 IR A Y R AR s
FEER VAT A B0, M = AT LR I £,
iy A FRIE R G5 B E R AT RIS R . BR
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FRAA K Ak 2R T AR R S PR R L Y
S T HE KO BE A AN A SRAE B (] A JCHL AL I 1
WEIREL & AL A IR T X

2= RS (2010) B 5% & BLAE FL A U6 6T 0 w35 o7
IR R KR TR I PR IR R A L
AP IR RIS R P Kk ke &
IE B SR A, w20 ik 3] 5.98,0.39,12.20
mg/L ARSI 3 O KR JCHL AL I M
fREh & i b 5 A A s {5 23 iR 0.18,0.208
4.57 mg/L, 5 im0 i F2 FE A EE, A FHAR K-,
PERT UL, 2278 7 )22 UK 35 Tt 3 7K AR 1) 7K B ek e
PR, LA ISR RREL & i (e T A Ik, 7
FRpE R K BN K, R K HECER /N, 1 REIEHERL
R A5 A K IRl gt o R R I ER . fE K
A PR S R AVRF RS 22 L, 5 T < VKl 3
ZERIZRAESEREFRHEAR" T L5 AL AR
TR AL EHER AR H SR

ARHIEFE R, SR S 30 3 AR Pl R 1
A S AR R RS v et & s R, b HEK
H I DX IRl 67 Ay 1) [) 50, PR A 0 X6 A 1Y
“ A -R- D1 FRFEAR A HEAT O A R, SR Bk /D JE A
IR AT BT B bt SR B S A 0 o AR ) A it LA
G SR AT R . IR (2 Eb g 575

SE Lk

FRIRERT I B ) 7 2SR, Xl K 3 HE AT
PRI i s K 2 UTE AR A T B
bR JEHERL

3 45ip

(1) “fa-HF-D1” 28 )2 RS R, 241
FEAAAR TR 722 2 75 43 50 by - K 17.8 ~25.5
°C;ERh¥ 33.1~35.2, pH {H 7.94 ~ 9.46 , V5 filt A & i
7.46~10.43 mg/L, {2275 H i 0.57 ~4.57 mg/L, TG
HLA S & 0.03~0.18 mg/L, G MEREEREL & & 0.009 ~
0.208 mg/L, /KPS H IR AEK

(2) IR TTHLA & i Ak TARAE ; 1 M
BERRER B s AE W) | i I B A A TR, S S
BRI F l 0.68 ~ 17.22, 5 5 TH e il [ 4
P, FRFHKMACE FRIRGE MBI )37 8 TR Ay
e R A BRI TEPE B S FR Ak, X 5 IEFR IS AE
A A e A A S B T T A % RO R LA ) AN
(LSS

(3) ZEFRIZR IR M IEK AR A K B A e
RAF, THLA TR R L & i (b 75 S A X 42
K. ZEFRERFRHE AT 50 BRSO, B
RN B IR
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Changes of physical-chemical factors and assessment of eutrophication
status in integrated multi-trophic mariculture ponds

FANG Minjie
(Fisheries Research Institute of Fujian, Xiamen 361013, China)

Abstract: From October 2020 to April 2021, the fish-shrimp-shellfish integrated multi-trophic mariculture ponds in
Fotan Bay reclamation area of Zhangpu County were investigated. The results showed that the water temperature of
each pond varied from 17.8 °C to 25.5 “C and salinity which is high and stable varied from 33.1 to 35.2. The pH
varied from 7.94 to 9.46, and it decreased at first and then stabilized. The range of dissolved oxygen varied from
7.46 mg/L to 10.43 mg/L and the dissolved oxygen was sufficient. The range of chemical oxygen demand varied
from 0.57 mg/L to 4.57 mg/L, showing an increasing pollution trend. The range of inorganic nitrogen varied from
0.03 mg/L to 0.18 mg/L, which was low comparatively. The active phosphate ranged from 0.009 mg/L to
0.208 mg/L and it increased remarkably in the later stage of aquaculture. The range of N/P ratio varied from 0.68
to 17.22 and it increased first and then decreased sharply. It shows that the nutritional status of pond water evolved
from oligotrophic in the first stage, and then, to the potential eutrophication status with nitrogen limitation in the
later stage.

Key words: marine chemistry; integrated multi-trophic aquaculture; seawater ponds; physical-chemical factors;
eutrophication status; water quality
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