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The temporal-spatial distribution characteristics, sources and influencing factors of
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Abstract: In recent years, the rapid economic development and frequent human activities along the coast of
Jiangsu province have input excessive nitrogen (N) and phosphorus (P) into the sea, resulting in a continuous
deterioration of water quality and a serious threat to the health of the ecosystem. Based on the water quality data
of Jiangsu coastal waters from 2020 to 2022, the spatial and temporal distribution characteristics, the level of
pollution, sources and influencing factors of nitrogen and phosphorus nutrients were analyzed. The results
showed that the average concentrations of inorganic nitrogen (DIN) and inorganic phosphorus (DIP) were
0.234 mg/L and 0.012 mg/L in 2020-2022, respectively, with the highest concentration of DIN and DIP
pollutants in 2020 (0.342 mg/L and 0.015 mg/L, respectively). In terms of spatial and temporal distribution, the
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concentrations of nitrogen and phosphorus nutrients gradually decreased from nearshore to offshore, and the
concentrations of nitrogen and phosphorus nutrients in summer was higher than that in spring and fall. From
2020 to 2022, the coastal waters of Jiangsu Province were in a mild eutrophication state, but the N and P
pollution in estuarine and bay areas was more serious. Among the coastal cities in Jiangsu coastal zone, the
estuaries entering the sea in Yancheng city have the most inputs of the total annual DIN and DIP (19,600 tons
and 600 tons, respectively). The sources of DIN and DIP were mixed sources of agriculture and aquaculture
(60.54% and 75.36%), and mixed sources of manufacturing and domestic sewage (29.29% and 22.11%). DIN
and DIP were mainly affected by agriculture, aquaculture and industry (72.69%). Among them, DIN was
positively correlated with agriculture and livestock indicators, and DIP was positively correlated with
agriculture and industry indicators. These findings suggest that source control of N and P pollution should be
strengthened, organic agriculture and ecological farming systems should be built, and sewage treatment systems

should be strengthened.

Key words: nitrogen and phosphorus nutrients; temporal-spatial distribution; source; influencing factors;

Jiangsu coastal sea

A I RO 3 1 00T i R 2 11 AR R I
7S AN 1 S0 5 I B 7 R A v A A A
AT e T S i b K R (28 45, 5 % 03 1ot T 37 A
HEVS LU O BRI KB, S8R 18R A
PRSI A 2 R Herh, A HERR A B
B FR Al Ve B S v L B T R AL R A2 Bk
M E A S IR IR BT A, A RRIE R,
S B RE VR 70% ~ 80% (19 4L . W W 5 E 4 HE i
AR A B IR TR T A
K Tl g K L Al 15 K R 35 5E BE K i HE
WL AR, daxt LRS- £ T ME I (APCS-
MLR ) H 8 £ 9l 107 FF - f Ak 5 X e i B 14 5
fk, mE e R, man M et A urE
R TR Ak 23 22 56 0 30 1 3 3 b 2 WP K A v 5
P A A A 0 L, SRS ek
RIPASE SOplgetiss s #8 R S AESEES1 EP
FE,

UEAE N, B T R R R 14 S0, Ve 22
36 TR 0 P P 5 e VT 5 Y 8 7K T
V5 e AL, VR ER B R O BB AE T R
ST IR O T o R U X 3T
B, P T8 A TR, R P R 0 iR R A Y
Bz VIR R AR B A, TR
b3 B 3 R 3R R R e A R R
B, B 8 F A AN 2 (G K SRR H 25 1
HICHAY AR P 28, V5 Kb B B, K
L BETS YL B B R NV T R e Y

KA, S BT TR B IR A ) AR
FU TIREPEREE AR ) BOR, VLIRS I
T3 3 ZHE AR TR A5 b JCHL A (dissolved inorganic
nitrogen, DIN) F17i 1 5 2 £k (dissolved inorganic
phosphorus, DIP)!"™ . A, #5458 06 TRV 50 1
B AL BRI YR B A SR L
AWFSE L 2020 — 2022 4 7K J5 e I KR 4 S S il
3T TL TR AT T R W SR R 0 I S A A R
FEFNTS YR B, 38 W Yot il 5 A8k
A S T A IR

1 #REFZE

1.1 W5 XA

VL5 3T B 9 1 (118°25'E— 121°60'E, 31°
36'N—35°08'N) v 1 I P4 g 7%, Jb =M,
B R AR SPIR VDA RE, R AR LN 37.5 T
Tk U W T AR S IR, Bl
([ 1), WK 954 Tk T 9500 o el
BRI R, T, KSR e S22, B3 HAR
g TS Sl i R A, g 8 Y
AZslEEs X VIR U =D AR, IR
A Tk AR E R TR, $H AT 407 AL T4k Al
8 ML T AR R, MG AR S B, W =
B Tl % /K AN 2020 4F 19 0.22 Gt fin &
2022 A 114 0.25 Gt, A= i 75 7K M\ 2020 4F- 19 0.65
Gt B & 2022 4E 0.67 Gt M4k, i =14
PR IR &, AR FFRF A ™ T &, RAEY



192 H 5

%A

R

2 ¥ 44 %

&R LT, R, b A T i 3
B . A 20 2 80 ARAC LUK, TEINIE R 16

(R RDE I 73 15} N N A S S
B IR AR 2 ) B AR Sl ) R B DKM iR 33

P
==

UK FEZE, — HZ PR AL TAL ARG B

119°00" 120°00’ 121°00’ 122°00'E

119°00" 120°00 121°00 122°00'E

35°00'N

34°00"

33°00"

32°00" -

324-_
=1 539

5 66

. )

I.!‘ i

-y N

3 B1530 60
T, P R

LOL: 75 FAT 5 e FItek  L02: ki 5354 ik

LO7: Hf BHIAT i 458
L11: Jbs i 545 is ]

LO6: T AT /K8 I
L10: AR BT

E1
Fig. 1

FEACRAE S b

L3 T T sl A0 5 YT 11 18T 719 2020 — 2022

AECE L B RO KT IN FR VT95 48 BT W s

SE I, T I AR 95 AN (& 1), JAT 1 T A
17 /4~ V3K 5T W I 454 £ % DIN. DIP. {1k

75 % i (chemical oxygen demand, COD) , f77H2&

(Oil) . & 77Uk ¥ (suspended solids, SS) LA}z

R (As) . B (Zn) . B (Cuw) . #A(Cd) .
(Cr) . K (Hg) F14% (Pb), H v DIN 4 filf 2 £h

(NO;-N) | Al iR £h (NO,-N) Fll &k h (NH,-N) 14
We 2 A1, DIP LABER £ (PO4-P) . 0] 7K it

W B €0 S A2 B . DIN B DIP ¥k, ihivr o
B IREE W e PR AL SRR I K SOUI | K
FERAEFNORAT LA SOK BT S50 K0 43 B4 B8 Gl
i 1 B 5 0 e R R ) (HT 442 —2008) i1 (i
TEVE A HLIE ) (GB/T 12763 —2007) #0477 111
T R 4 b 3 7K 1455 o A 1 ) (GB 3838 —2002)
H R W S A AT

1.2

L03: ZEHh il LO4: I, L0S: Hhiliinf ek
LOS: Brf i Jicdsl  L09: PU Y PY nf 5 1 &l i ok
L12: 4 Fnl ik L13: 3 390 5 38 i iz I

L B SR A U

sampling sites in the coastal area of Jiangsu province

1.3 BlEab ik
1.3.1 KM
Y& DIN., DIP 1 COD 1Al VT 95 3/t f3 1 35
(188 5 FACE, T A L dn R,
COD ><4];I)1(\)I><DIP 105 (1)
. El(eutrophication index ) A & & #= LAk
ASTE%0, JCH49; DIN, DIP 1 COD “hy 52 i) v i
(mg/L) . R EIETTEEFRAKF5R 5 A
Y, WA 1,

El=

F1 EEFNUTEMEHEM NGS5 LEHENITENIRE
Tab.1 Evaluation standard of EI and NI
EI wHEFKP NI TS YRR
<1 TOEFRIRTS <1 T
1~2 BREEERRES 1~15 ®
2~5 R R E IR 1.5~2 rpsis
5~15 R ETOIRE 2~25 &
=15 JUE R E SRR =25 JUE




524 BR%, %

v RRAR R 0B E AT 193

& DIN, DIP, COD FI Oil ¥ & (1) # {EL A1l
P 2 A A VTR R i e R 3
R/ w1l

(6], ().

A H: NI(nemerow index) & P #§ %5 15 L 45
B C oMK RS SN S, K S 1
R BVPRIE, S; Sl KK BidrfE )(GB3097 —
1997) A9 1T 28 /K bR 1 o NI 15 3 55 9 0 2K b 1
W 1,
132 FMHRERRA. BHEREMANEE

W H XA BEE SRR RN SR
£

Q=gxcx100 (3)

X 0 WA BB SRR A Bt (ta);
g NAEAR Wi (10° m’/a) 5 ¢ 25 DIN il DIP ¥ Ji
(mg/L) . ARUE A, #E IR N 2020—
2022 A 11 W AT e 00 7K o S ) A S 1
1.3.3 APCS-MLR #£%!

APCS-MLR #RUEELT 2 A543 H7 (principal
component analysis, PCA) 1% [K FFE B 25 SRR B £
X 3 1% 43 A 745 43 (absolute principal component
scores, APCS) , Jf- 515 YWk B 47 Z2 u e 4 [l
443 1 (multiple linear regression, MLR), >k &1k
b5 YR 4 A 5 ey iR AR
LU

n
Ci=bio+ ) (bpixAPCS ) (4)

p=1

A CHETGT YW i B SIS s bio A1 b,y 53 )
S22 T4 I 036 KT R 819 25 APCS
A%k W 13935 bpi X APCS 3278 15 YL IR
p X G BTHRER
134 ®WEBEREH

fi] PP T AR i R R AR B e T B R AT B
JCIN I 5] o3 A 1Y, TR AT 25 8] 43 A AL AUL S, AR
PEAT BT B bR T 0 TR HEDRE A T BT
LEE A2y S € il Rl JER T ST 2 o /N
AU

N, D
Yi = Et AszA—s (5)
S

e v Ay 735000 H AR 23 XTI AT B
X At 2 B AR bR E S A, RATBUr X $oT 5 H
o3 IX AT ST 0 25 A BT st B THEIRR; n
AR IR

2 HFR5E

2.1 A BEESRIRA A SRR

2020— 2022 4, VL7 i /5 16 3 DIN 1 DIP
W BE AR ST B, Hirh 2020 4 2 2
A BB SRR s (8] 2) 0 2020 4F ., 2021 4F
F1 2022 4F DIN *F- 35 ¥ B£ 73 5l 2 0.342 mg/L.
0.176 mg/L #1 0.184 mg/L, £54 1 215 K K Ji b
T B 3 5 A R 46.3%. 90.5% F 89.4%.
DIP ¥ & 4351 A 0.015 mg/L., 0.010 mg/L Al
0.011 mg/L, HA 2020 4F 1 >k st 1T 280K
JK B bR #E, DIN 5 4« 2 BE 2 & T DIP. 5 2014
AEVT 530 5 HE SR L, 2020 4F DIN ¥ B K F 5
AT, DIP ¥ B B WA ™, Bk — 230 90T 0%
AL 5 T T BB ARG e 2 DINTY

25 8] I, DIN 5 DIP ¥ & & {& 5 31 A 3 i+
o I I A AR A (IR 2), H e ST 5 Vi bR ik
FERE o s FNER 00 3 DIN Fil DIP ¥k B
IR E AR L, BRI, X6k
HEEKEMERER A X . DIN 5 DIP &1E
DX 32 B0 A E NIRRT S0 11 A M V5 R T Vi
X5 R A S B A S e AR N R B
A5, TR PR X e R R
AR . b R 7K e B A 3 15 KR N 3] 3 I i
BT R, SRR E BT
WAL, B A IR DS St /K 35 5 A ) S 1
g2 HL ] 45 A TR L B 3R B A
Hett g et — 2 SET NI E A EE
TR RGN, M0 EE VS5 e
22 TG YRR

2020—2022 4%, V19531 e M SR AR b T35 B
B ERREE(ELFEME R 1.27) . 2020 4F, 2021
AEFN 2022 4F ETFYE S 518 2.39(Th R E R
f6) . 0.74(FE 37 ) M 0.69(FE F7), Hidh, 2020
AR T R R R SRR IS AL & R 15.70%.
EI (/%3 [8] 53 A5 FRAE (1€ 3) 5 DIN Fil DIP (19 3k &
25 (0] o0 A R E AR AR, (&L 2), S S BT 2 0 | 3 ¢



194 & F x om A F %44 %

3

2:%?? % R

‘ A\ i
> N

Ak,

S GRS

2021 Bk
DIN
#
itF
.

2022 Bk
DIN

3

i

— Y H — Fﬁ? !f:ﬁ — R LR =5 — iR ’ %ﬁ — MRE — ST
; Ji b, DIN/mg- L) ST I S —— ) 4, DIP/mg- L ST T—
Bl i DIN/me L SRS T B (5060 120 180km 1L B D g 5 5.0200.030 0 o 03060 120 180 knm

B2 2020—2022 £FiT7E Figi8AY DIN # DIP BIZE E 575
Fig. 2 Spatial distribution of DIN and DIP in the coastal area of Jiangsu province during 2020 —2022

2020 2020 & 2020
EI EI EI

3 3 #
i i i

e}

El

3
i
EI

3
i

q 0 2021?1 q 5 2021% 2021 7 0 r [ 202151
# # #

i . i

MRS, v ¥

& ‘\ R h .& & ..‘ J ~&

i F‘( 2022 Fk 2022 8

. ‘NI

i

ﬁ

-

R
F‘ "‘;

— R —TiR = i — G ——H —TiR = e Jii — Gk
ili i3t [ e mmme— R ] i T [ s m——
it 5% El 0 1 2 3 5 15 03060 120 180 km Kl i NI 0 05 1.0 1.5 20 25 03060 120 180 km

B3 2020—2022 FEEFUEHMNET IEHHZE S5
Fig. 3 Spatial distribution of £/ and NI during 2020—2022



N

%24 PR, Fi ILHEFEBABESA,

KRB AR 0B F 2 195

TR A5, R (E XA T30 O RN, B 2w
BB R . 2020—2022 4F, VT35 5 T3,
Ak T b B R R R R IR AR KT 1 i T AR A
A < = R B R AN 7% T e T S 9
B EFRALACE, BERR I A N A i A A
IBE 15 1l — B

2020—2022 4F, Mg NI A, TT.I5 30 5 RS Ak
TR TG YKo 2020 4RI AL TR 05
YooK (NFEEIME N 1.01), 2021 4EF1 2022 4E40
T K, Horp, 2020 455 Z= 13 ) |V A7
FErh A EISYLIX . 455 ETFN NI 53 A FEAE
], 2020—2022 4 EI A1 NI Y5 SRR .,
VLI 7K AT B s, B e (8 DX X7 T F R
VAL, 2 U N S Y R, T
i 575 2 TR, o X N VIR T W R % i
LI E SRR OCHE
23 R, BE5RYIRIE T

) 1A F N TR 3 5 0 0 Y 2 AL, AR
i, BRI TS 2 TR 70% ~ 80% IR . B S

T b R AR AN R AT R A 7 Xk HE il = T
UL AR A B SRR A I 2 4 A A A T A,
R e (L DX 38 B 11 X, PRI, AR ST 4
WYL IR W =TT 17 2% 28 NI 3 3 11 X dak
() DIN F1 DIP ¥ i, I-AG B AL B E IR 3R N
B N R (32 2), 3R 3HIAT 1 NG VT 90 30 e VA ek
YR BTN . ST, VI ONE T =T EE
TA) 9 ) 1 X 3R G 4 4 DIN B N SRl 378 7
Wi, FErP o 20U | R IR R IR 1 X 4
4F DIN #ir N S8l 1.49 J7(39.42%) . 1.96 J1
M (51.85%) F1 0.33 J7 i (8.73%) o Vil =i &
BN X 3 Y DIP N S &R 0.11 J7 i,
Horp Y 25 HE NI 1 X3 0 4 4F DIP M\ A i
7 0.04 7 (35.40%), FhICH 0.06 J71(49.40% ),
FAIE A 0.01 JTME(15.20%) . VL7548 Ui =i v
AR I VT T D R R SRR A ON B A
K, WL IRAT R A B BN RN
T 1 X3 A 44 i O\ B AT HT (R 2), DIN Fig A
S R B IAT 1 A S BT T (23.09% ) | E AT

2 IFERBEEENETONESEDINMDIPHMALZE

Tab.2 Total annual DIN and DIP input of main estuaries in the coastal area of Jiangsu province
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