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Effects of nonpoint source pollution from different sources on lake nitrogen and phosphorus: A case study of
Chaohu Lake basin

FENG Xuejiao"?, LIN Chen", XIONG Junfeng', CHEN Xi"*, WU Zijing"*, MA Ronghua'

(1.Key Laboratory of Watershed Geographic Sciences, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences,
Nanjing 210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. School of Geographical Sciences,
Changchun Normal University, Changchun 130032, China; 4.School of Geomatics Science and Technology, Nanjing Tech University,
Nanjing 211816, China)

Abstract: This study aimed to clarify the impact of different sources of nonpoint source (NPS) pollution on lake nitrogen and phosphorus.
This study was based on a redundancy analysis method that comprehensively considered the five major sources of nonpoint source pollution
in the Chaohu Lake basin including planting land, livestock and poultry breeding, aquaculture, rural domestic sewage discharge, and
atmospheric deposition. The effects of NPS pollution from multiple sources on lake nitrogen and phosphorus were discussed. Additionally,

the impact of different sources was analyzed on the two seasons of the normal and wet water periods. The results showed that the influence
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of nonpoint source pollution on lake nitrogen and phosphorus in the normal period was slightly higher than that in the wet period, and the

interpretation rate of nonpoint source pollution in the normal period could reach 80.5%, whereas that in the wet period was 71.6%.
Different sources of non—point source pollution showed certain variations during different rainfall periods. The pollution sources with the
most obvious difference in their contribution rates were atmospheric deposition and rural domestic sewage discharge, of which the
interpretation rate of atmospheric deposition could reach 46.4% in the wet season and only 6.3% in the normal season. The contribution
rate of rural domestic sewage discharge showed the opposite trend. However, the total amounts of the two sources exceeded 50% in both the
normal and wet seasons. The effects of nonpoint source pollution from planting land, livestock and poultry breeding as well as aquaculture
on lake nitrogen and phosphorus were similar; the interpretation rates of the three factors were between 10% and 20% and the change was
relatively small between normal and wet water periods. This study has shown that the impact of atmospheric deposition and discharge of
rural domestic sewage on the concentrations of nitrogen and phosphorus in lakes is greatly affected by seasonal factors. Agricultural

planting, livestock and poultry breeding, and aquaculture, as the three main forms of agricultural production, should be equally prioritized

because of their influence on changes in nitrogen and phosphorus concentrations in lakes.

Keywords : non—point source pollution; multi-source; total nitrogen; total phosphorus; redundancy analysis; Chaohu Lake basin
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Figure 1 Overview of the study area and distribution of the monitoring sites
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Table 1 Basic information of sub—basin in Chaohu Lake basin
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Table 2 Data source and description of NPS pollution source

B 4 Az 3 [a] RUE Kk I S A
Data name Unit Spatial scale Data sources and description

b A Ed km’ 30 mzS [ R HER R R A IR T R SR R R G R B S I 55 5 Hh il - R e s o . 2
(it ) 2 [ GEARAEC 3R FTBLIRS226) (GBIT 21010—2017) , 2545 85T K I SE B B0 46 -3t

O3RN TA— e B el AR R B ORI AK I I BORE 5 AR —
U, ELP A P R R A 27 A R DRI ARS8 FH 2015 4 9 Lt 1) Bl

= B IR A AUE %

30 mZE[F M HER B S IR B IR T LB G AR M S B (D) B 0l A 7 00 5 0 HR A A LA (A

{7 2% 8 Rk 1% I SR I A B R B R

K FRAH R t
e N B B A
RATIREEAE t

30 mAWAHER KT FRAAIE T 2 S HAF Ao 5L Dl 2 7= B 6 K i i
30 mA AR AN THRI T2 SE A4 A 5L I Ak B AN
30 mAWAYE KRR S IR C A 1A

XF bR 5 MG QPR AT AR AR T B AR A
5075 YL A A T s [ AR AL 3L, AR G A [
15 QLR I 23 (] 44 I

PA b 5 K5 Bt B3 B il B0 e A (R 2 AR G
BEBTANZE 2 Wi , ¥ LA 2017 4R 55080 S B
1.4 BEFURDWTTERERIEIT#HHETN TP &
W 53 4T

JUAY5 BT (RDA , Redundancy Analysis) J5 32 7] LA
i3 8101 3 A 255 32 a3 o3 B B B HE P R Bt —
ARG IS — 2 A R S R SRR B dLRE 4
2 P75 R o — 2H 78 A S ) B A R A, H
TR 7E RDA Z3 M THRAS B iy i R S 15
506 TN TP AR 9 52 & A B 3, TR X TN TP L
AR . 5 ROEIE S U 0 A DU R L
RDA 73 B A 2 A5 775 e YR Hhe LA K 28 Wtk 5 BRI
AP R SRS G T Bk B AR A i 5, A
BT A TN TP B B o, o7 4k 1 2080 v 4 5 Ak 3
TAE.

RDA 7341 T2 BB Canoco 5 P AT .
FESEAT S HT 2000, B 582X TN TP B 17 26t 3
4381 (DCA , Detrended Correspondence Analysis) , Mk
AN T AW, A T #EFT RDA 2308 o 7R~ P /K AN
FKII B DCA J3 M v, A7 HE 7 b o 9 e B A
H0.35(/NT4), L rT 4T RDA 2387 5 FK X 15
YL As i AT, 25 L 2 AL AP, AN RS
BRI 2 H SR

FE 1 F Canoco S #E4T RDA 43 BT, 8 TN TP ¥
JEVE Ty R EH A R R S s LR B 1 o 38
F T4, Canoco 55 B kA [ 1 49 ) %o dfe ik
ATFRUEA AL I, 30 b 1 2% 75 e 5t PRl 20 [m] T 2

SR P25 AEHEF 7k TR RDA BV Al 28L& &4
S RN E RS EE O R RN 3738 A [N SYEN
SRR L RN [R5 e 2 (] A S 25 55

2 HRESW

2.1 FIHNPS AEITLIRER = B 57

H & 2 AT, 5Bl Y R 2 (] o A 22 B i .
SV TRV K ) D S Y IR AR B 2 T
TR R 1A A Y230 3t 3 R oA b T L 7K™ SR R R
A AT A 3 15 ACHE R DA R R AR TR S i
I E L, 7 B IR A B e 2 1) s A HE A2 5 —
FAATE H AT 38 3, 7 TR /)N P M) A7 9T 35, AN R e 1
TR AR 1/15 3 P 45 15 e 5 50 A X e 2
(F2) . (A7 B 2ZE 5/ NE) T33P , AN [R] ok 5y
TEAT FIr AN o 75 YR R ) AR S A 1 D«

(1) 3 35k P9 A b M TRT AR 2494 8 400 km?, £ i 35k
A A 7 R I 40% . Horp | A IR ] R SRR M
T AR v, SR 3 T 3 600 km?, T R b TFT B 55 /) 1) )
Wil AN A 240 km?, " E A ZE AR 1445 . FhAEH
T AR FHE 7 A A 12 T VA 3> 35 9] 94T > g YA S 3 e >
A R IR YL 38> IR Y] AL 380> A S Tl 38 3> ) 47 7T 97
(K 2a).

() WIN A CE UG F B %5 Y g
& R 21231073k . ETFRBN, &S REERE
) BRI I, FR A A 4731003k, M E a5
(1) 38% , 111 57 5 £ 35 /N A 7] i 384T 2.7x10° 3k, A%
R BTSRRI 1/17,. BE B SR e HE
J> SR e ST > 4 YR T 9 358> e YA YT 3> IR T 9
30> P A T 3 > A 5 Tl 3 SR> A A7k (T 2b) o

(3) 3 N K 7= F B AR 2 R 2.5X10° 1, 7E F i

http://www.aed.org.cn



PLSRLIA 358 191

2023418

5 A SRR UR A R 1R TS S S T R 1 5
PN (a)
._:\l*\.\ o, .

e

Planting land/km’

-~ Aquaculture/t

50701.3
25 152.6
-0

Livestock and poultry breeding/Head

2.32x10°
1.16x10°
-0

/ ;
% I
"™ Atmospheric
deposition/t

A VR T K

Rural domestic/t

sewage discharge

p— 407.68 9 405.03
-203.84 4702.52
0 0

B2 E#REARTRERNZE S
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Figure 3 Variation of TN and TP concentration of each monitoring site in normal period and wet period
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Figure 4 Redundancy analysis(RDA) ranking of TN and TP from NPS sources

TP, Horh Wy R AR i A Sk R R BE T S IR TP /K AR A ST S ) 55080 /U ik i 1Y)
R 7% P b A% B s i R EE . AR 4 FT DU Y P K SMASE ) 22 5 DA K &A1 15 L U5 0 52 e 22 55 T Ak oA
1 TN TP A7 Sk KR T K0, BISPKIHE R R/ N 22 5

SRS Gt S R B R A e i TR K RDA 4387 45 3 v, A [ 975 G 50T 80 0 0B vk 2
— 70— http://www.aed.org.cn



TG 2 AN TR IS A RS BB R B B

LS 1

2023418

SN 22 53 (A R R R 00 WS 43, — 2 5 25 YL IR AE
IR0 = K T U U B 5 i 1 B AR R R R S
575 G Y5 43 50 % VR B AR AL I R R R R B
ZERFHAUANT .

(1)K (3 A ) Fss AR TS Yt 5135 TN TP
AR AR R R MR R R W 2 T K (8 ) o SRR AY L
SRS Yk S0 R R AR A Y B AR A R R N 3
Ji7n o RDA BT R v, &5l ey BRI R
MNFR 3 AT, 55—l ) A R 2R O i T LA LA, R ikt
AE 5 U5 e X TN TP 1) A B %6 2 SO F 55— il
Hodp 3 H 4R AT TS YT TN TP A9 B A i B R Ry
80.5%, =T 8 J1 71.6%.

(2) T RGBT A 38 15 K HE RS R R A
RS Y X5 S TN TP 7% Ak 19 52 W 7 - K 39 1 = 7K 4
RIH B 25 (F4) . HAPFAKIAG ) RMER
15 K HEHOS TN TP (9 fif B 23835 3] 43.8% , 1 K UTRE
1R 6.3%; F 7K (8 H ) KAV fRBERIL 5 46.4%,
T AR A A5 3 15 K HE R 1 i B T I 31 7.0% . TCiE
TES- /KA 2 2k 0, — 8 RORER T R
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ARWFFEAE ARG O FERE b, 25 A 09 X B 52 B
T 0L, 2 F K BRI K A 1 B R & T
A AR TS G  FR E B IR I A UV R S )
REFiA M B & FRAE K7 IR A AR AR T 5 K HE RN
KAV

5B WA E AR 98 B EIE TS 7K NPS
15 Yl 5 X I T R R R ) R ) g T K (HL ]
Bf ARSI 20 R I T AN 5 YL PR X I 7K T 52
M 7E 2= ARk i AF TR R 22 57 o ILAh, 5B IR
FH L, A ST Sz BRI b X5 T8 1 R0 e 8 %) 55 M 7 —
FERRE Lk Al A FRAE CREE K 77 758 ) 14 5%
Wi 19k LAFEIFTE T 240
3.1 NPS3ti#fiA @B R E
=R

G, AW 25 R PR EIIE T A6 oK Bk s 05
LS T R VA B 1) 5 e R T SR K T AR
TR as R, oK (3 H) B AE 55 0535 G X K B TN
TP () A AR B %k 80.5% , fS & T H /KM (8 )|y
71.6%. 1 BG4l FE 0 JEL R o] REA R A - DR #E Y

IR R M E R E T

F3 FERIFETEI TN TP KB ERER

Table 3 The overall interpretation of water quality by NPS pollution

5} ] ZFE R Cumulative interpretation rate/% P{H P value

Time H—ihAxis T S fhAxis T 25 4l Axis T 25005 Axis IV 55— 0305 First canonical axis T4 34l Al canonical axes
FAKHI3 ) 80.5 85.1 85.2 87.9 0.044* 0.042%
FKIWI(8 1) 71.6 76.9 78.3 80.8 0.086 0.074

2 FINTE 0.05 K- B B M (P<0.05) . TH.

Note: * indicates significance at the 0.05 level (P<0.05). The same below.

R4 BFLFEX TN . TP UM HBER

Table 4 Interpretation rate of each NPS source to TN and TP changes

] i H e b LR KF=FRGE A AT 75 K HERL RAVIRE
Time Ttem Planting land Livestock and poultry breeding Aquaculture Rural domestic sewage discharge Atmospheric deposition
FAMI3) AR % 134 17.7 18.8 43.8 6.3
P{E 0.306 0.040%* 0.130 0.028* 0.698
FARBI) % 13.6 20.0 13.0 7.0 46.4
P{E 0.314 0.144 0.404 0.616 0.034*
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Table 5 Statistics of planting land type and area in Chaohu Lake basin

] o ] 7 0 IR o Y475 . . i3 N
e BT AL JE(T(}IL: I} R ik .m%(70|u.ﬁ S HE%H(A{J& %(ﬁ.ff{)ﬁ 2
Hangbu Paihe River A . Jiongyang River . . Baishitian River Yuxi River
Category . . . Nanfei River basin i Zhegao River basin . .
River basin basin basin basin basin
7K H /km? 2358.79 350.04 962.40 243.96 372.98 429.95 3350.06
FHb/km? 22.51 37.07 3.12 0 6.88 4.57 245.83
el Hit/km? 7.34 24.74 5.36 0 0 3.17 6.82
R km? 2388.64 411.85 970.88 243.96 379.86 437.69 3602.71
7K H 5 Eb/% 98.75 84.99 99.13 100.00 98.19 98.23 92.99
— 72— http://www.aed.org.cn
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Figure 5 Distribution of planting land in Chaohu Lake basin
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