94 BEFEEER 20234F oM

WL W KI5 55 br 19 G D ey I 350 R Isf 23 i fE

HHFT EXG. K7, BRE

CHTLH R JHil 316022)

WE: AN THATERENEEBRFERXEE &5 LR, XEF A 20052021 F(HAT T H 8
BHRFUHEHII(E —RAETREREE KT RALT LR R T REFMIF I 2550
FHABEBREM NI EBERAEED AN T LEERTUW I IFE . HE LB ER LR M XN T
LG —RHERTEA LT, BRI EFERERTFEERTLEARENREARHA
FEHRTAHEZEN N, FEE F,200-—2021l EFH I BRFARERTL AT EEITHE T
701 m*/a, BRBEBAERD LA KREEL LA, ENRFTLEATEGHRETR T, FE AR
EREMIK271769.2 F m*/a, HAAH e MT A LwmEMT, AEMAERE, X" E%
MAERATRE AR ARG EARANRFESLEERTLE AT R, HEEAI XA,
MILERFEALE BT L EERFAFEENEAR S  ERFLEATEREAEATELN E N
BHBKES,

KPR :FART LA BRI LA TEAMA

W E 45 &S X55;P7 XHFRERD A XEHE:1005—9857(2023)09—0094—11

Measurement and Spatio-temporal Evolution of Equal-standard

Pollution Loading of Mariculture in Zhejiang Province

FU Yufang, CUI Jiaming, CHEN Fang, GU Bojun

(Zhejiang Ocean University, Zhoushan 316022,China)

Abstract: In order to explore the pollution status of main mariculture areas in Zhejiang
Province, this paper made a preliminary assessment of the pollution generated by mariculture
activities in Zhejiang Province, by using the data of the fishery Statistics of Zhejiang Province
from 2005 to 2021 and Manual for the First National Survey of Pollution Sources Production and
Discharge Coefficient of Aquaculture Pollution Sources. And different kinds of pollutants were
converted to equal-standard pollution loading. Meanwhile, an analysis of spatio-temporal evolu-
tion of equal-standard pollution loading and mariculture yield of major coastal cities in Zhejiang
Province was conducted. The results showed that, the cumulative equal-standard pollution load-

ing of mariculture in Zhejiang Province from 2005 to 2021 exceeded 700 000X 10" m®/a, and re-
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vealed a trend of wavelike rise first and continuously rise after. Equal-standard pollution loading

the highest is the highest in Ningbo with the cumulative volume of 271 769.2X 10" m*/a. fol-

lowed by Taizhou, Zhoushan and Wenzhou. From the perspective of mariculture species, shell-

fish produced the highest equal-standard pollution loading. And from the perspective of maricul-

ture mode, raft cultivation and bottom sowing produce the highest equal-standard pollution

loading. Spatio-temporal evolution analysis showed that, the changes of pollution and maricul-

ture yield in Zhejiang were basically synchronized, and the equal-standard pollution loading and

mariculture yield showed obvious growth trend.

Keywords : Equal-standard pollution loading, Mariculture,Zhejiang Province, Spatio-temporal e-

volution
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Table 1 Annual biodeposition rate, ammonia discharge rate

and phosphorus discharge rate of major filter-feeding shellfish

in China
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Fig. 1 Pollution of baiting organisms

in Zhejiang Province

WE 2 Fr7R . 2005—2021 4 & F1 G M 7 He V5
KR I, Hd, 20172020 AR IR MG
WO R KL AEF KRR 59.4% . T
2005—2007 4FZAE - Tt, 2007—2018 4F i1 ) T [%,
B J5 20182021 4F JF 4f & 4F b k. S+ 2005—
2016 A2 F R, Hoh 2010—2011 4 47 %5 K e 2
S BE S TR IR AR T M. 2016—2017 4R $K IR
BB, Bk 87 7 . BJE 2017—2021 AR FF IR E
RN B AR CF R B R G 23040, Hoh, 7K
2007 A ME R W05 e iR B B E, AR
174.98 J7 33N AE 2020 4E B M A= 9y 75 Yo bt 5k 5

i EL
Yehi
i, 2L
VLS



%9

YR S7 o 45 WA TR 7K 57 B 45 A 1 e B A i 330 % ek 23 35 Ak 97

WEAE L 298 149.01 T3 ;5 fF1l 2017 4535 B 0 (H L #1H
PAYTE YR8 126.1 77 t; & M 2020 4F 3k 2 1§
8 B AE Y 5 Y it 29 R 156.06 77 t. JF H AL
B 20172019 4Fi5 e it & F 2005 4, AR A0 1
KT 2005 45, fF 1L AE B A 975 e i 0 1A 3 A
UG T b s o

000 |—e—r —e— W sl |

2005 2007 2009 2011 2013 2015 2017 2019 2021
Ay

(2 VLA TSN T B M A s Y AR AL
Fig. 2 Pollution of baiting organisms in major coastal

cities of Zhejiang Province
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Fig. 3 Pollution of non-baited organisms

in Zhejiang Province
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Fig. 4 Pollution of non-baited organisms in major

coastal cities of Zhejiang Province
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Table 2 Results of equal-standard pollution loading measurement

71 m®/a
ARy i T R Fril aMm
2005 33586.2 13 124.31 4 265.44  3427.22 12 769.23
2006 33 087.64 13 254.53 3 847.66 3 702.88 12 282.56
2007 32418.03 13 135.18 4 177.17 3 702.16 11 403.51
2008 31711.87 12318.88 4062.41 3758.33 11 572.25
2009 32 522.30 12 930.53 4 035.86 4 398.84 11 157.07
2010 3493971 14701.21 4286.10  4607.61 11 344.79
2011 33 973.93 15 225.79 3 934.88 3 242.02 11 571.24
2012 34 687.71 14 864.93 4291.23  4041.65 11 489.89
2013 36 546.45 15 547.97 3 735.65  4333.95 12 928.88
2014 38999.44 15 867.53 3979.10  4595.46 14 557.34
2015 40 615.04 16 401.08 3 953.20  5081.46 15 179.21
2016 43 799.88 16 810.86 3 832.39 6 458.51 16 668.13
2017 49 977.93 17 803.98 3 952.51 8 191.20 20 030.25
2018 51945.65 18 765.63 4 338.28  7832.54 21 009.2
2019 55 433.05 19 651.11 5 201.35 10 310.66 20 269.95
2020 58 601.64 20 178.56 5901.65 10 882.66 21 638.77
2021 61029.65 21157.10 6 692.50 10 559.60 22 620.45
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Fig. 5 Equal-standard pollution loading of mariculture

varieties in Zhejiang Province
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Fig. 6 Equal-standard pollution loading

of filter-feeding shellfish in Zhejiang Province
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Fig. 7 Trend of equal-standard pollution loading

of industrial aquaculture in Zhejiang Province
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Table 3 Measurement results of equal-standard pollution
loading of bottom sowing culture non-filter-feeding shellfish

in Zhejiang Province

77 m*/a
Ay SRR TG G f ey
2005 —0.55
2006 —1.86
2007 —0.61
2008 —1.48
2009 —1.54
2010 —2.38
2011 —1.51
2012 —1.59
2013 —0.10
2014 —0.98
2015 —0.96
2016 —1.13
2017 —0.80
2018 —0.72
2019 —0.64
2020 —0.81
2021 —0.68
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Fig. 8 Equal-standard pollution loading of various

aquaculture methods in Zhejiang Province
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Fig. 9 Proportion ofequal-standard pollution loading

of different aquaculture methods in Zhejiang Province
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Table 4 Spatio-temporal evolution of equal-standardpolluion

loading in major coastal cities of Zhejiang Province

Ji m®/a
E A T TN FHili a M
2005 13 124.31 4 265.44 3 427.22 12 769.23
2008 12 318.88 4 062.41 3 758.33 11 572.25
2011 15 225.79 3 934.88 3 242.02 11 571.24
2014 15 867.53 3979.10 4 595.46 14 557.34
2017 17 803.98 3952.51 8 191.20 20 030.25
2020 20 178.56 5 901.65 10 882.66 21 638.77
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Table 5 Spatio-temporal evolution of mariculture yield

in major coastal cities of Zhejiang Province

Tt
A0 T el Pagil| aM
2005 27.21 12.29 11.54 36.74
2008 26.66 11.25 11.38 34.49
2011 27.99 10.50 9.86 35.93
2014 28.21 10.02 13.02 38.46
2017 29.25 12.75 24.23 49.93
2020 35.66 19.86 29.22 52.49

3 gk B 2 3 Ak A SR R LA K B A AR T e A7 R
Mg K IR B R R AL 5 R BUR A B BB AR,
SEAR TG Gl BT FRE K 57 B R A AL A PR TR P BEE
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Y iy F KR 1 V% SE ORI . T 2017 ARECT
P T HEPE T BE X R (2013—2020 4F) ) 3K Wi V1.4 BUR
AR . A —4ETFER #2021 48, 5 P T MK 3R
J T AR KR b T VK SR A AR B KR
MILHTAY 0.60% ETFN 6.47 %, AHXE R, 7 P i g
IK 5 58 S5 b 15 e B far L JF 46 SRR B T DA 2017 4R
IR AP K RN Z AT 1.22% EF R 4.40%,
2011 4F 2 A [ 4% Be 1 AL & (R T I0 7E 4 5 & R OR
X HRA ), W VLV 2 T R R R IE X # ik B R
] % ik s, I S0) X, 55 3497 9T 4 0 Vg s AT 5 M 45 T A
DX R U L Y B B A L £ T Y K R Bl A ok
B R, [a] — 4 JF b & M T I K SR 7R i N 2
A3 22 T B TP R 2k LT, B 2021 AR4R P33 K
RN 3.9% . [, 5 M T K 3% 58 55 A 5 Y 17 fif
PEBE & K S5 7 AR T AR i 2 L AR
KRN 6.9% ., BLRT.2005—2017 4EF i M &
T 7 A 1 S R T e B 4e7 259 /0N gk sh 3, HL 7
DiAE = S bn s e s Zm T A M. 2017 477 ik
WK SR A SR T5 Y i far hy 17 803.98 T3 m®/a, 5 M
MR 20 030.25 75 m® /a, TF % T 1 K S5 5 45 bR G G
AR UK T A M. 2018 4F 5 M TH 2% 41t 6] 2t [
KAV R 7 X, %F Tk M DX 3 b 467 79 42 F L 28
U R R U AT B R, 2018 FFIh L IR M T T K
FRBA PRI R Lk 1 TE AR K Rl 11.80%,
I T, 20052018 4F iff 7K 5% 5 77 1k 9% 8h b, 7
BB R AN 1.36 %0 . 5 BC ] A 38 M T i K 3% 4
SERR TS Y M IR 4R ML b T AR B i KR Al
14.67%, AT, 2005—2018 4F & M 17 ¥ /K 73 58 7
A A b TS g B A U B B T AR R R K R
0.31% ., 2011 4F o [ 15 A LAV 2 5% Ry 5 80 K
KX FHILFE SR X E R, EE 3] 2014 4F
FH LT 2K 37 5H 7 T bR 22 2 4G 0, 20142017 4R
V7K % BH 77 B O ok — A R K B F
2021 4F 7= 5t 4k 2 5 AR K SR A BT T B 2011 —
2014 AFSF LT K SR BE 7 i i 28 T AR K
K 9.70 Y0, FF 1L T I 7K S 58 55 A T Y B fap 47 2 1
KN 12.33%, 2014—2021 4FE1 K F250 7 1 FF 4h b
PR AR SR R R 11.87 Y M K SR S R T e
B AT B R R 12,62 %,

4 S5 HEN
4.1 Zig

(1) 2005—2021 4 7 V148 55 b5 15 44 7 17 56 2%
18 T [ ,2008—2015 4 P g 35 hn, 2015 4E LUJS IF 1R
BN, WL K SR A B IS g 5 K SR A
7R AL Foll L FE A AR [R] . 20082015 4F #i VL
AR FRI P B N, 20152021 4 K 57 5
FRAR LGN, SRR TS G 1 g BB A A e b X2
TUET L5 Y B ey BB 271 769.2 J7 m® /a, K
G390 R A N T A LT AR T R T R S
BN 74 487.46 T m*/a, TG MIE T &G G
TarHE R HE DX, o & M 2015 AF P2 AR 9 25 5 5 YL 17 o
HUOB S T 0. 5 s 6 T, N
2015 AT iy 7 e T AR 4k 15 7 D TV R A A IR AR
A B S T I E )T T T R 9 TS G B IR AT
BRI A S IS T — 2 IRUER .

(2) Wi LA AU 77 b b B 7 2 2 s 75 % 17 AT B
LSRR R T DL, DL 2021 4F R 4], v £ Pk DL
A A RR TS Y i fr 5 HE 2R 99.5% . IR 4 ik
LTSN e SN B = o 1 D N Ll s
A 0.29%.0.13%.0.03 % .0.003 %,

(3) Wi TLAS M K 37 58 4 % 58 7 27 A2 S b T
AT 5 22 1 2 45 X 5% B R b 33 7 9, R 43 ) R
EFRHE R FR AN ) A FRAE . 2021 4F b Y% 5% 5
PR AR RR TG Y G FE 2R 0,27 %6, A 9% B A
T ARFER A 0.18% . [F]— 1 77 &b B A [
FRHE 7 2T P AR 0 B bR G Y g AN AR, Hod £
a7 A AR TG Y B g B 22 1 SR B 7 2R Tt E SR G
ditb Ry 42 % R M AE FRAE . o el 58%0 ., HIOR
Je 7 A AR T Y O far 1 R B O 3 3R B I SR A
T AR5 R A8 SR L 4 ) LSl 559632 %6 Al
13% . HAWIEA Yo, b % 55 58 7 X7 A 10 S bR TG
Yo i g i o5 L ) Dk 5506, TR 3R 5 T 5 L B R
A4%6, T AR5 i o e B e ik AR 1%

4.2 EiL

(1) XU 7K SR 58 i Rl %) 45 48 A7 0 Ak 8 3 L 412 F
MK FRFE A A G TP A AR MR SR T, 4 E R
F BTG K IR G AE & FhORZS #8147 7 1) B, S 300
IR HHE ) 4 R E i MO R RO, 2 R R
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T 7 A B A AR 15 G ST AN o L2400 0,003 %6 A
ST S B A A2 i M 5 ke S R] & e 79 5 1 L i
VLA Mg 7K IR FE b 14 6 8% L L by B — 3 ™ 1) £ o
R AR PR B IR K IR il R 5 44 1) TR B DAL AN 4R T
TEASE oA DE B 1 D S 55 3R A A= W 304 1 ey TR s, ] 1
SN R AN RN AW T e ST o R ]
VLA PAVRR CUTRE 7™ il LA S 3 2 VIR B SR IR 2 ) FR B L
191 o (o 7K TR B 1) 35 e 7 L A A R R PR
P THE FR I Y R S 2 T 2545 A4

(2) et Kk 37 B £ AR 5 07 2 A8 & e L 1 1
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Py B HE 20 BE 5 03 M R 4R AR T B i R4 A
PES o R T WA e K IR AR 3 G IR ey 3 A U7 X
Jes T 3 57 58, 17 P96 SR AN L AR R B A B 15 e
ORISR T4 IO )™ A 42 o) 5 2 Vi ol i i 3
Fr G T5 AR R g K e W A 57 GE A ) AR SR AE
R WA IR E R o N AL S Ul DS ()
7 U REAL RO AR SR Al S S M B AL AR S IR AR
Gi. TJACSRGETT W VLA B R SR et L TN I
—J7 WX BUAT (TR K SR T 2 AT SR A .
K JE I TREACIE R K IR 8 A B T 3R 5 &
Ge4% L LS POBUR B AE B 4, BOR b7 DL R
Bl s 55 —J5 10 BN R g B S5 ) A il K IR B A 5K
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{32 FRF 5082 30/ MU B9 A= 77 0 20 3 A AR A
R 55 TR AR SR BB B 4 T R
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IS8t FE 00 A FE 3 A TS T R ¥ 7K 37 B A 5
FORMET BORFNGE G5 SR B [/ B4 TE R
JE S AEBORHET B 2 T VA 45 S BORF BE AE 58 53
R 8 2 v RS A 5% A b A 52 AE ) RN I
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B, MRS RT AT 5T, U052 e B R A
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7 2R A A T B O A2 45 T A 4 AN 32 30 O R 92
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(3) 7 B 1 & 76 7K 57 Bk JEe 5 T ke B A W
PR BRI 7K 7 B LA 15 5 R ) A 2 B R 2 8] B
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7R T X 5 58 B AN W S it 7 28 T R R UK T A B 4
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