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Analyses of water quality and driving forces in Ningde aquaculture area

WANG Xiaoyan, ZHOU Ting, YING Zimin, WU Jing, YANG Wu"
College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China

Abstract; Aquaculture has a substantial impact on water environment of coastal ecosystems. Research on water quality and
its driving forces is critical to the construction of marine pastures and management of coastal ecosystems. This paper analyzed
the water quality status, spatiotemporal dynamics, and driving forces of water quality change in Ningde aquaculture area
through Geographic Information Systems ( GIS) technology and statistical software, based on water quality monitoring data
and remote sensing images in summer and winter of 2017. Our results indicated that the sea area was in a state of heavy
pollution and high eutrophication level and the seasonal changes were significant in all other water quality indicators except
suspended solids and total phosphorus. The factors affecting water quality in different seasons were also different. More
importantly , the seasonal variation of water quality was the result of the interaction of initial water quality, human activities,
and natural factors. Based on our research results, the authors suggest monitoring the surface use and cover of aquaculture
areas by combining high-resolution remote sensing technology, regulating the aquaculture types and behaviors (such as bait
types and delivery methods) , carrying out long-term monitoring of water quality and risk assessment so as to reduce the
environment impacts, prevent and control the environmental and human health risks, and ensure the long-term social and

economic benefits of marine pastures.

Key Words: water quality change; driving mechanism; multiple regression; temporal and spatial distribution;

Comprehensive Pollution Index; Nutritive Quality Index
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Fig.1 Sampling points for monitoring sea water quality in Ningde
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Table 1 Comprehensive pollution index and pollution grade

TP AR g HART I LESEY tEES RGPS JeA G G
Pollution grade Clean Relatively clean Light pollution Pollution Heavy pollution Severe pollution

LRB TSR AL

- Lo <0.20 0.20—0.40 0.40—0.70 0.70—1.00 1.00—2.00 >2.00
Comprehensive pollution index

222 KI5

BT IR BUF A 25 43 A 4RFAIE , 91 1 AT B S K B8 A R 2R 3 DL HS F S S, 23 0| LUK B2 & 48 br 2
fAH (ACPI=CPL, ~CPlLy ,ANQI=NQL, ~NQI;; ) Ay [R5 5 547 22 TeAME [ 434 , $ 10 52 e HAZ fh i) 2 25 5K 5l
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FRIAY FRAFIE B RN FRAE B A, o IR A B O A AR 1 km K FRFA AR o5 Lo, BT 7 X
AR T km K IRBE T BLBR LA I AR (3.1416 x10° m?) o HR4E 4Kl X7 82 Wi A9 AL AN ) ol 23S 90 B

http ; //www.ecologica.cn



1770

S %

40 %

STIURKEN T (ALK FRFEIE Y | AR AT R Z I IR BRI DA% ) R 8l 25 A8 A B K 5l DA 3 (476 i 72 L {E
FIKF=IRBEG DU AR ST ) o ShASASACTY PR 5 ) A H, 705 I B A4 100 A R 58T 1 B 1) 4 A T I, 1)
JETFRE E RS K T 1.7 1
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Table 2 List of driving factors for water quality change

#FK Abbreviation iR Description HI(H (FRUEZE) Mean (SD) ALY Unit
Atemp REZ(LR-HTF) -16.684(0.997) C
type_aqu BHIKF=FRMM (1:.5;0.75) 0.781(0.420) —
type_p HIAYK I (1:.46;0.78) 0.281(0.457) —
type_a BRI (1:46;0:0) 0.500(0.508) —
dis_harb 0 S5 AT VAT 7 ) 1804.073(627.429) m
dis_isla 8 R By 5 P R R 2198.947(2040.840) m
dis_coas B R 1Y e T B 1331.992(628.294) m
dis_resi B T R 1 P 2235.059(613.183) m
dis_cage_s BRI AR P R () 655.218(1022.601) m
Adis_cage BT 42 1 f B I A B 8 R A2 L1 -188.876(439.469) m
dis_raft_s BIROE VRS R () 256.930 (233.989) m
Adis_raft 47 B il PRI B 1 AR AR -140.429(215.590) m
den_cage_s 421 km WRAEEE (E ) 0.045(0.065) m?/m?
Aden_cage HAZHA2 1 km A9 RORE 2 AL E 0.005(0.016) m?/m?
den_raft_s AR 1 km TR E (HZ) 0.049(0.069) m?/m?
Aden_raft BT 1 km AIFAEE AL AE 0.082(0.091) m?/m?
den_aqu_s APAR 1 km WK IR AR (A FIVRAE) (L 2) 0.094(0.105) m?/m?
Aden_aqu HARFAAE | km WK = FRFH A BE (AR RNRAR) 28T 0.088(0.092) m2/m>

N=32, F 4G4 FWT . Atemp: JRJE 5L Chang of temperature ; type_aqu: 725 773X Aquaculture type ; type_p : FHAIF75H J7 X Type of plant; type

_a: ¥ FRFE )73 Type of animal ;dis_harb : 2 9 E 2 Distance to harbor; dis_isla: 25 55 05 19 B 2 Distance to island ; dis_coas ; 25 1 /3 £k (% i 25
Distance to coastline ; dis_resi ; 5 J& b [# 2 Distance to residents ; dis_cage_s ; B 2% M )2 Distance to cage in summer; Adis_cage : %25 W 5
B HYAE1E Change of the distance to cage; dis_raft_s ; 5 Z= B ( (U HE 25 Distance to raft in summer; Adis_raft ; 5 7% B 525 Y25 4E Change of the distance
to raft; den_cage_s: & Z= M % B Density of cage in summer; Aden_cage : P4 % BEZE k. Change of density of cage;den_raft_s X Z=F % Density of
raft in summer; Aden_raft ; J% 10 %% & 75 {k, Change of density of raft;den_aqu_s H 75354 ¥ Density of aquaculture in summer; Aden_aqu 3758 %5 & 715

1k Change of density of aquaculture

3 ZBREHS

3.1 KIS IEAY
311 KETEEFIE

FIK BRI A ZE IR ST RS W3k 3, WTLUE R 7202 W s Z A, HoAl oK B ds bRl 2
P B2, BRI ER pH & 7.54 , AHECHRE R R ME (FRifEVE ] 7.8—8.5) , &M A THim M
7.96 AT IEH L BAERNMLEE a WE 3510 0.60 mg/L F1 1.6 mg/L, #u i T & & F7 AL by i {E
(5 pe/L) s BIRIR FEAE P =10 - Y EA 22 A K, 4300 0 34 mg/L Fil 40 mg/L, {H B 2228 [0] 73 A ORI 5] 5 5
SRIRERFS B I EE 20500 0.35 mg/L 1 0.60 mg/L, {HA T 5 KAGII{E N 2.88 mg/L, it KT H K
A 0.63 mg/L; 5 ZAHIZ , BODAETEA K2 T 1%, 4MEHH 6.98 mg/L [#Z 1.16 mg/L, REEEFE N 1.1—17.4
mg/L 46 0—4 me/L; B 20 SVA S S TAREE 0.6 mg/L, A& ZEiK5 2.52 mg/L, 11 PR 2= Snil & i 3
T THRAE(E 0.03 mg/ L, 2 H K 5 IR A0 2L 5 A s K B AE e br T, K A RE R 22345 /0 21.59
MPN/100mL, 4244 2 406.38 MPN/100mL, #% KA 90 MPN/100mL 24 3500 MPN/100mL, i P 4 2= 77
TE R TR A AR 1) v P a5, AR A AR X AR
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x3 BEFKREETER

Table 3 Single factor indicator of water quality in summer and winter

HZ% Summer & Z= Winter
KIS H XA FeAiE| I FeNiE| t{8
Water quality parameter (ki) (/M A (hRifE%) (/M B A ¢ value
Mean (SD) Range (Min ; Max) Mean (SD) Range (Min ; Max)

pH 7.54 (0.19) (7.14:8.10) 7.96 (0.06) (7.82:8.02) 11.43 %
4% 2 a Chla /(ug/L) 0.60 (0.21) (0.36:10.9) 1.66 (1.36) (0.01 :4.59) 3.78 %%
B SS /(mg/L) 34.00 (17.93) (1.00:80.00) 40.28 (7.31) (30.00:62.00) 1.72
FSRIRARAR KL CODy,,/ (mg/L) 0.35 (0.13) (0.11:0.63) 0.65 (0.60) (0.08 :2.88) 2.83 %%
HH AL T & BOD/ (mg/1L) 6.98 (4.54) (1.10:17.40) 1.16 (1.14) (0.00:4.00) ~7.42%"
B TN /(mg/L) 0.77 (0.90) (0.12:5.31) 2.52 (0.18) (2.12:2.89) 10.88 ***
JE TP /(mg/L) 0.12 (0.09) (0.06:0.45) 0.13 (0.06) (0.10:0.48) 0.58
i 21.59 (21.80) (2.00:90.00) 406.38 (825.03)  (20.00:3500.00) 2.69*

Coliform bacteria /( MPN/100 mL)
N=32,"P < 0.05,"*P < 0.01, " P < 0.001; Chla:"%t% a Chlorophyll a;SS: % {#% Suspended solids; COD\,, : & % B2 £ 48 2L Chemical
oxygen demand ; BODs : Fi. H 4:fb 7 % & Biochemical oxygen demand after five days;TN: £ % Total nitrogen; TP . S8 Total phosphorus

IR -5 Y e 5 (8] 2) R B E B R Wi bR, EE 75 Y45 458 pH . BOD FIETEY), 15 44 48
Byl 1.73.2.33 F13.39, i FREh T8 SO DA R IR B A0 /N TARME(E . AEAZERIEIIFE bR b, 2221
15 YA b R IR Y O A RIS IR SR, 70 o 4.03 3.69 F13.53, S hR 3 f5 LA ., 54K BOD, A8 fb 2 i
B0, 2R 2.33 [R5 0.39, BIFY0e H A Z i)™ H N B85 Yeda bn , 73575 Yo 8 500 i 3.39 Al
4.03, YENINEEA TS PRSI EZ A F 2 — , BOD 15 I8 BUAE B i 3 T4 2, AE 0 E BRI
B, B EURL BB (AT I S8 T LB AA . DA P e 43 A R AE T R 25 BT Yot 8O & 8 R
Hrigft—E 2%,

ES A7
4.03
540 3.39 4 ] 368 353
£ ]
= I
2 3 3 -
z 2.33
5
= 2 1.73 > L
£
%é 1 FrEfE=1 ) FrEfE=1 0.96
1 I R I S N B It et L S D N IO
’ 036 15, 039 0.41
0.12 0.02 i |—|
0 L — 0 [
pH COD BODs SS Coliform pH COD BODs SS Coliform DO DIN PO4P
bacteria bacteria

K JF A Water quality indicator

B2 BEFTEREHN
Fig.2 Single factor pollution index
Chla; M43 a Chlorophyll a;SS: &4 Suspended solids; CODy, : Fi4HRELFE %L Chemical oxygen demand; BOD; : #. H A fL75 %1 Biochemical

oxygen demand after five days;TN: &% Total nitrogen; TP : &8 Total phosphorus

3.1.2 KFRZEAVEM

ML EE AT YR BRI E FRRAS AR B (36 4) PTG 3 A 98 X8R 9 7K S5 75 e N s 8 R A s i 1 7 3%
RIS R HT . ARG 4, 422 B 0K IR AR 24 T F 5 Ytk (424 50 1.52 F1 1.12) , B RIK I B
A5 YRR FREGEE ALK T4, 188 BTN i, T8 B RIS B IR R
BT 5.63 F19.13 e K TARMEE 3, (H AR BGE B AZLE AL A 5 CPT AR EUH R, 7% NQI A%
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Pk 20.28 AR ULIAE] T 7.87, #id T R 5.63, [ 3 FIE 4 (PR AR R AR A B I A5 25 5,
IAAMCRER B RO ) W — 2P U0 T & IS 28 B 1 B A s B, =0 L CPT R -4 T
1—2 Z[a], J@m THEIGHRE, BA 4 DA T B G GOR0L & RA LN CPLE/NT 1,4 Ti5 38R,
SREK, EFLES TR B W 19 QS R A R, A8 IR T, B 2R 7 A5 i NQI {EL Ak
T 3—6 Yl R EFR AT AR AT 12 Z[8), & T E R K 25 (8] 54 22 KR T4 2R
B E IR IR, #RAL T 5B SRR, R AL T 6—10 BIFEEGE R, 23 W A4 51,

x4 BEFREER

Table 4 Comprehensive indicators for summer and winter

. EZ Summer K75 Winter
ENE R IER 2N
Comprebensive index VHMECRES)  WERMI RO FRMCRER) G RN Rl
Mean (SD) Range (Min :Max) Mean (SD) Range (Min :Max)
12 A T HE K
TR E‘_"& o 1.52 (0.47) (0.77 :2.65) 1.12 (0.22) (0.79:1.61)
Comprehensive pollution index
RS R L
RIRE R 5.63 (3.53) (2.57:16.97) 9.13 (1.95) (7.87:20.28)
Nutritive quality index
HZN=32,4ZN=39
il [ Bk e BFE O4F
*e
* N o e
PR S
0 J ®__
*
. . . .
_a§ o * t,0 o *O <o . GGt
£ S Coo * 0 * . $o
E0L-0 %0000 08yl 00RO
S I S o . 0O T T W% T Tk
£ &
e
Tz A .0 @ -
VRV VLG T V1
£ HHEEE .4 AaHe
g 7 7 ¢ #1
O ,."'5 Ed R
ﬁ x
-1.0 <
S0 L 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

A Sampling site

B3 EXFENSGETLEMRETN

Fig.3 Comprehensive pollution index and change of measuring points in summer and winter

3.2 KA EEAEfk

5 FiE 6 MBE B BL T /K AR AL s 25 A AR B0 o RS o A 27 45 T e Fe AR AL (B S PR 6 f
RIV5 Jede A i MR, S5G 1 3 ACPT Z5 LRI 5, KB40 25 i CPT ZRfB(EAE-0.5 2247, A5 3 .4 Al
16 MK AR R, B R R T 1.4 DL L RIS & B 3 0 okt ) o 2 B 27 YA e i 9 3 okt s B/ N T
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Table 5 List of influencing factors for water quality
TRIAR ik Y8 (FrfEZE) Mean (SD) o
.. e Fify; Unit
Abbreviation Description HZ Summer A7 Winter
temp L 29.98(0.81) 13.38(0.64) C
type_aqu HIK=FH (1:4;0:70) 0.78(0.42) 0.79(0.41) —
type_p MY FRIE (1:45;0:78) 0.28(0.46) 0.26(0.44) —
type_a HIEFKTFRA (1:4;0.700) 0.50(0.51) 0.51(0.51) —
dis_harb B B TV s Y R R 1804 (627) 1684 (749) m
dis_isla BRI Sy Y BE B 2099(2041) 2029( 1925) m
dis_coas B R AR M BT 1332(628) 2168(1161) m
dis_resi 8 30 TR Y B 2235(613) 2242(761) m
dis_cage B T AR 1 BE B 655(1023) 442(766) m
dis_raft B IR VR A M BE 257(234) 125(155) m
den_cage 221 km B A2 R 0.05(0.06) 0.06(0.07) m?/m?
den_raft He42 1 km IRIEH S 0.05(0.07) 0.13(0.17) m?/m?
den_aqu AR 1 km B FRGE R BE (A PR 0.09(0.11) 0.19(0.10) m?/m?

H&E N=32 4% N=39

WRIEAHIAE TSR (B 7) R MEE

VS RGO E S E SRl il Sin
FIZRIKAR (P < 0.05) , IR ECH-0. 4,%‘%@3%%%@?%%%5@%,% ai5
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K715 CPI

AR RN T AR IREDRES , BHZAL 2R A K" 505 1% N 7 B R AR SCE (P < 0.05) , AHSE

F RN -0.34, KWL TA K= IRE I M7 15 5%

RRUS T/

NQI 54T IR A4 R R, 58

B R B AR A B 5 R R B (P < 0.01) ARG VRS RIIE ES (P < 0.05) , A R B0

0.47 F10.39, 15 B 25 F B kst () 3t 7y, T3 7]
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Fig.7 Correlation analysis results of Comprehensive Pollution Index and Nutritive Quality Index
CPI_Summer; 5 L5575 YL 4550, CPI_Winter: & 54715 Y880, NQI_Summer ; B Z5 85 R 25 T $8 0, NQI_ Winter ; & Z5 785 R 25 T i 48
;" P <0.05,***P<0.01, " P<0.001

3.4 KRB J1 oMb

S BRSPS A i BB PR 2 kAT 2 TE b LU, R s LR VS B 1 7,
A B T i MR 0 LD P A RO ELT 22K TN T 10, BRI CPL Y2 e 2k b [0l 145
(#6) M Ry 0.588, 1 8 A~ A S AL, Forit IR IEAS K (P < 0.05) BRI & R M B B 55 (P <
0.01) L FRFFHIE (P < 0.001) FLEFRIH A MLH (P < 0.05) X5 /K 5 CP1AS {5 B 6MI X ; g 2
REAREEE (P < 0.05)  H B SR % E (P<0.05) FIMAE FRAE % AR b 7 (P < 0.05) X 7K it CP1 A8k 2 B
BTG BRI A RIS R 30 -y BT 20 1 T LA B MR I R 0 — 0,901, 8 ) B2

http ; //www.ecologica.cn



1776 A E = 40 %

BN IRFRIH R B ORI T, 15 Qe 4R BB Ao

K6 BESHEHTUERN NN

Table 6 Driving force analysis for change in Comprehensive Pollution Index

A brifEfb 2 5L Tl tnife 22 p
Variable Std. Coef. Robust Std. Err.

temp -0.281" 0.074 0.035
dis_isla 0.262 -0.041x1073 0.109
dis_coas 0.317" 0.011x1072 0.019
dis_resi -0.378 """ 0.097x1073 0.002
den_cage_s 0.361" 1.292 0.031
Aden_cage 0.308 * 4.746 0.045
den_aqu_s -0.901 """ 1.078 0.000
Aden_aqu -0.676 " 1.479 0.014

N=32,R2=0.588,P=0.000, RMSE ( Root Mean Squared Exror)= 0.398, * P < 0.05, *** P < 0.01, *** P < 0.001, PHZS i H& ML AU
e L

HRAE 3 SRR TR 2 NQI 2 JTImH A3 T4 R (R 7) BB R* D 0.517, 200 1 3 M0k o) [ &
MK F=FRIE (P < 0.05) B AL T AYEEES (P < 0.05) Bt | R A B fE 2 (P < 0.01) Fl1E Z=5)
HOETRAEIE B (P < 0.05) . Forf, 21 JE RO R R B 22 ) NQI ARk i S s R 7, Inl U3 R ECh —0.68, 16 HH 25
iR ER b TS (1 L, K B AR AR /N KB B SR AR R B

®7 EFRRTRERVTUENSH

Table 7 Driving force analysis for change in Nutritive Quality Index

o PR R Fatibbi .
Variable Std. Coef. Robust Std. Err.

type_p -0.303 " 1.1257 0.018
dis_harb 0.266 " 0.0008 0.040
dis_coas 0.271 0.0011 0.118
dis_resi -0.680 “"* 0.0013 0.002
Adis_cage -0.171 0.0017 0.323
dis_raft_s -0.415" 0.0035 0.039

N=32,R*=0.517,P=0.0001,RMSE =3.322, % P<0.05, #%% P<0.01, ##% P<0.001

4 T EEW

YRS F1 BT AR R0 CPT AR AL B R A IR ZE L Z IR 4 1, L A R 5 8 J s HH IE A0, B R 9
B LA S IR 3 e R TG A R K 7 R B R Y A2 A T2 B ph A R A R AR S R Y, T CPL X —
LRE PR EE TR PN S BOUZ BOD RS TR L, AL, #fiE 0 v B2 J2 I7 58 A AR ) A0 55 Tty | JE 2R
SEUUR A — E R BRI LR T ATRTRRAR 7K B4R A TS R A X — B IE 4R 3.3 th &2 CPI
AR T A4 SRR — B « & 2 T LA K = SR B A 7 BT 5 G BORE /N, TE 2 R O & 2R 1k SR 4 L 491
B WK BUR — 2 A o NQT 22 A ) fie IR 51 R 3 DU 1 e o 8 M ) B 2« 2 s PR bt | 3
PR BB A R, WA SRR SR i K A B SRR B AR T3k A AT RN SR A1 X i
A T 15K R 22 B0A i A BRI B HERCR TR L | BR AR SO B /K 7™ SR A A SR, A2 35 15 7K HEROW, 1%
PaSlin(iy SUNTRE SR AN QSIS

ARTCGE L TR TP FRBF 0 DX K BOR B0 PG R BEAE A 3K ) g 0 20 3B, EZERH 2 AR TE T %
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