5542 B 20 ) S &~ £ Eild Vol.42,No.20
2022 4F 10 A ACTA ECOLOGICA SINICA Oct.,2022

DOI: 10.5846/stxb202109162610
AT BRI AT A ST 8. B T YR SRR SR SR i A RS 5 IS e URATAR. AR 254, 2022,42(20) £ 8276-8287.

YuZX, Qian Y, Li J B, Li X M, Tang L. N.Risk assessment of non-point source pollution in a typical semi-urbanized small watershed based on source-sink

landscape. Acta Ecologica Sinica,2022,42(20) .8276-8287.

ETYR-C” =W ey s B Ry /i 3E R iR T 3
JXU Bz T 4

AFRD A& 7L FREDY FIED BT

1 A I K2 E IR AL 22 5 TRA B, 481 350007

2 ERHEBER TS T, T S @R T SR A M E A e H ] 361021
3 BT AR I W I I S B RN 350117

E /NI K T A SR B by AT DS BRI AT IR TS Qe 5 R , B IS e K P ik B — e R, AR aR IR TG Y o B
TR IR, TR SIS G BB PR A7 A X M D0 A0 X T T T, AT A s U5 e A A RIS L2 B I ) D PR g i 4 ik 2R Y i)
A, DRI R AR K55 e UG 73 A PP A B F 25 S, SRR e R AR 3 1 2010 4F 2015 4R 11 2020 4F =1 1175 1%
DL AR PR 5 BT PRI S50 SR T vk TR DX R RS BT B4 A% 75 Y 18 50 ( GPT) 5 454 L 3 M) A2 AL Bt 2 Al
RS G XS B8 IR 2 A8 5 o JXURS: DX R PR BEAT 1 0BT, R4S SR 250, 31 500 o sk i AR 67.86% , A s 55 e & 2 A
WA B BUACAR R i 5 4R b AR SIS S U R B TS, AT IR TS e R A KU AR TR K- (GP1=0.27) , 3l id
A XS DX ] A S B M i AR ) 246 00 (D20 67.08% ) FIAE TS 3t IR AR 5 (HE N 43.02% ) 2 75 S AU e A A8 2l Y = 2
JE PR BT KU DX R AR | A A s AT G A A DX, DX 52 300 Y e DR DX o XU, DX I S5 WL DX S A% A i . T
YR FOUUAS SR BEAE T 1 AR 15 L FE R0 GPT) AT LAAT R 0o Ui A i U5 G XU (ELEA 3R AIE 2 DA R 23 A i Bk AR R0
eI B B T I3 v

KEEIR : ARRBG G PR BEIE  JR R S T

Risk assessment of non-point source pollution in a typical semi-urbanized small

watershed based on source-sink landscape

YU Zixian"*, QIAN Yao®, LI Jiabing' *, LI Xiaomei'"*, TANG Lina™ *

1 College of Environmental Science and Engineering, Fujian Normal University, Fuzhou 350007, China

2 Key Laboratory of Urban Environment and Health, Fujian Key Laboratory of Watershed Ecology, Institute of Urban Environment, Chinese Academy of
Sciences, Xiamen 361021, China

3 Digit Fujian Internet-of-Things Laboratory of Environmental Monitoring , Fuzhou 350117, China

Abstract: The deterioration of water quality in small watershed is mainly caused by point source pollution and non-point
source pollution. With the control level of point source pollution reaching a certain level, non-point source pollution has
become the primary pollution source. At present, the control of non-point source pollution is still difficult to monitor and
control. It is urgent to clarify the occurrence risk of non-point source pollution and the reasons behind it. Therefore, it is of
great significance to conduct the risk analysis and evaluation of non-point source pollution. Land use data of Houxi Basin in

Xiamen City in 2010, 2015 and 2020 were interpreted by high-resolution images. The grid pollution index ( GPI) of grid
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units in the study area was calculated based on source-sink landscape pattern method. Combined with land use change data,
the spatial and temporal variation of non-point source pollution risk was analyzed, and the causes of risk areas were
analyzed. The results showed that sink landscape accounted for 67.86% of the Basin area, and the risk distribution of non-
point source pollution was lower in the north and higher in the south. In the past decade, the risk of non-point source
pollution showed an increasing trend, and the occurrence risk of non-point source pollution was at a low level (GP1=0.27).
By analyzing the land use composition of the risk area, it was found that the decrease of the cultivated land area (67.08% )
and the expansion of construction land area (43.02% ) were the main reasons for the change of pollution risk. The risk area
transfer matrix was calculated. It was found that the risk area of non-point source pollution presented a trend of transfer from
the middle and high-risk area to the low-risk area and the sink landscape area. The grid pollution index ( GPI) calculated
based on the source-sink landscape pattern theory can effectively characterize the risk value of non-point source pollution in
a watershed, and is a useful method to evaluate and analyze the occurrence risk of non-point source pollution in a

watershed.

Key Words: non-point source pollution; source-sink theory; Houxi Basin; Xiamen
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RS U AR A R E HEEN P ., 5 Y S i A T 2 45 A T B RROR il ) M 2k Oy
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1.1 5T IXHENL

JE BRI T T T AR 26 X MR AR 192,11 km?, kbt 25 24°34702"—24°45'48" | 45 25 117°55'14"—
118°06'52", J5 B KI5 T3 2 LL ik 5 1104 1L ik 58 Bt 1 2 %8 6 LL PO, 2 S 1 ol 80 R, b A Wi g e g
HuHF | Hb A A P I AR R, AR A, B B AL PSR A RRR AR (1) . WU TR W I
PR, AP AR 20.6 CAAT, ZAEF K E 1206 mm, FEERTE 4 H—10 A, FE L5k
RUR LT3 SR HERIEHE

2020 4F , i T AE L XA AL R E Ik 86.99% ,2010—2020 4F i 1 7 Bl P + b A 28 AR 33.43%
TR 52 N TR, B (TN) RSB (TP) /76 AR R R RE A AR AR 0 2400, 380 il 25 28 3R 1k 4R
W) 2 BRI G R AR SRS Y B BUK IR BB AR ] 8,

1.2 i U5 S b 3

WFoEBE T R A5 LA B KR, (1) 3T Google Earth 3R (PR 1.19 m) , 2054k
A 2010 4F 2015 4FF1 2020 4F 5 i s - 1R FH -5 85 0% (5], 748 1 5 5 (eCognition 9.0) Wi 4328 Ay i Ab #1356
fih LA 5 20 HERFARAE ArcGIS HilEAT B MU B IE , 208 - MR FH 2R AR 40 6 28, A6 Mt | 2 1 Bk
Hy M B AR, (2) 3F DEM (598K 30 m) |, LRI 1B B 7Lk £ 18 F ArcGIS 10.6
A, HT Agree FEXT DEM EIE i85 Hydrology BLHLHE HUR I AL T8 A5 8. 3 B 45 T Bk SO, 4%
P A PR T 1 I 22 M B ELUR) (hittp : //www.sbsm.gov.en/) o (3) i Arcgis 10.6 H A0 R T HOKE 5 1 I el ik
T MRS AL IR 43, HRBE G XA L 30mx30m [ A% RUBE Rl 4324 2307 NFSE BTG, LA RIS Hpocs s 3 34 B ]
EFEES £ WS %) JE PR IR A T bR BR324 AR PRI BE 2 RS oUlAR R i 45 5 B
1.3 3BT e AR PEAN 5 45k

A FE R A V5 e P BT I E a5 e A A AU, 3 F WA T < R0 B 1 48 S AR R H % e
B S s 18] 67 g Xof FEFR K S 25 B T LA RIS R AR 5T BT G S 15 e 48 K0, 43 )38 G B e R S TR A
15 YL RN T G i AR BT B T, 55 15 B9 DX DA B TT TS Y R 85, DA R A4l X6 DG SR X i AT 1R, T
BT .

(1) WFFE X P BT 5 Y ) T far#5 L ( Grid cell Pollution Load, GPL)

GPLN:ZWL'NXPJ'_ZW/]'NXPJ' (1)
i=1 i=1

GPLP:ZWWXPJ'_ZWJ'PXPJ (2)
i=1 j=1
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Fig.1 The geographical position of research area
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Table 1 Risk level of non-point source pollution

T S A R A 2 LT FELIX RS X rhRURE X TR AU X
Risk level of pollution occurrence " Source" landscape zone Low risk zone Medium risk zone High risk zone
GPI {EYER Value range of GPI (- ,0] (0,0.25] (0.25,0.5] (0.5,+ )

1.4 SOWERIHRS RGE

ANTRL S BGT AE A RS Y A E R/ INARTR], R T e % ST 43k SR 3500 S UL 15 25 51 FLEE G A ik
XYL PRIE O AR SCHE T 40 [ V5 Y A T Ge T T 5 55 BRI & 19 YL W dan tR AR

o A BV Yoty HHAS R i AR M 75 Y T o < b e A28 3 - O 1 0 S DX - -7k - XU A X3,
FIPRIEAR F IR RBVE AR TSt SRR 5 (TN g ) A 13.99 kg hm ™ a™' SRR K I (TP ) N
1.15 kg hm™2 a™"' , Hdruqe A S0t & 0 360.88 kg/hm? St fE 4 109.19 kg/hm? , F&7K7E 1000—1200
mm Z ], ARE AR T2 B AR DX AT S v DX S s ) A Rt A A SR it A e R A R K i 5 B Y U
NEABIE BB (N g s ) IEHENEIE IE REL( Py ) FIBEARMEIE REL( Ry ) , NI RWER B (R 2) o A
WF9E X D AFHE LB EUR G /= (TN, BB (TP,) TR AR .

TN, = TNy X Nggzn X Rprzu (©)
TP, = TPy X Pipzy X Rygpzn @

R2 HHEBEFYRERLE

Table 2 Annual loss of nitrogen and phosphorus nutrients from cropland

251 Hfy 2010 4F 2015 4F 2020 4F
Sort Unit Year in 2010 Year in 2015 Year in 2020
Nigie g3 — 0.78 0.48 0.39
Pz — 1.08 0.79 0.65
Ryszm — 1.3 1.0 1.4

TN, kg hm™? a™! 14.19 6.72 7.09
TP, kg hm™2 a™! 1.61 0.91 0.97

Dt Rl HIE TS A AR A Ml 5 e 5 T e A A 0 Sy b SR AR U I R G X -3t R O = |
Tt R AR A el st s AR P AR, LB RO R B (TN, ) M 19.95 kg hm ™ ™' BRI R B (TP ) 4 1.60
kg hm™ a™"  BRAEAR H b ZUBE AL 5530000 418.33 kg/hm® (193.34 kg/hm® , 255 T AR | 1 285 R IX AR GE h X
AR B AN & BB AT I K R A b ) R AT 06 1 R BORI R K A TE 2R RO T 9 2
(#3), HEPHE X PIAERE S ER R (TN,) BB (TP,) WA BT .

TN, = TNy X Nppzy X Rppzy (8)
TP, = TP X Pypzy X Rpgpzy (%)
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x3 EMEHERMRERLE

Table 3 Annual loss of nitrogen and phosphorus nutrients from Orchard

eS| ik ivs 2010 4F 2015 4F 2020 4E
Sort Unit Year in 2010 Year in 2015 Year in 2020
Nigie s — 0.74 0.46 0.37
Pz — 0.67 0.49 0.40
Rigirzm — 1.3 1.0 1.4

TN, kg hm™2 a™! 19.19 9.18 10.34
TP, kg hm™ a™! 1.39 0.78 0.90

HEV ARG T SRR R R AR AN T R AR L Bl R S 0 e R AR DY TR LR T i RO AR AR A
B S Ay A B O AFF S 45 R, 0 S P R S TR iR 12.09 kg hm ™ a™' [ 1.14 kg hm™ a™" , RAT 5 AR
MR R AR 17.74 kg hm ™ a™' 2.10 kg hm™? a™', Z5G DIAEJE | ] 205 5 DX AF S 55 v B3 FH b Fn e
S B L B E B TE R BT 0.75 F10.25, ARG X A HLE A (TN) GV (TP) iR i T

TN=12.09 kg hm™ a™'x0.75+17.74 kg hm™* a™'x0.25=13.50 kg hm™ a™'
TP=1.14 kg hm™” a™'x0.75+2.10 kg hm™ a™'x0.25=1.38 kg hm ™ a™'

PR R A (TN) BB (TP) Wik 2 % 8 7 7 fE JUR TR B B 58, 80 2 B &0 (RTNR) | BB
(RTPR) it 53514 8.09 kg hm™ a™' H1 1.90 kg hm ™ a™" |

P ARPEAFE A rp T AT P Big 2118 DX AR PRI SR i B+ S R AT ket 5 T & A [ Rt ) P A
A BRI AE S BIAE 0.15—1.43g/kg .0.19—0.54 g/kg., J&i12 i AL me IV P 3 2 e AR | AR AR T 5
SEIRLH A R R B 1.43 g/kg 0.54 g/kg, T TLEESET IR R G LA A T A B RGAES
RG A I R IR R SRR bR - 492 U AE 8l 16.48 v/hm®  WF5E X U7 b 705 2146 X 1) +- 498 4
Fr R 0.28 kg/m® P ARG XA B A (RTNR ) BB (RTPR) P30 IS RE 71 43 31 h -

RTNR=1.43 g/kgx16.48 t/hm”=23.57 kg/hm”
RTPR =0.54 g/kgx0.28 kg/m*x10=1.51 kg/hm’

TS R AR W A e b D AR IR K7 | T R A 56 [ — o] e AN ) B0 25 S o, o LA
Gi— bR T e bR i, A S VR R AE DO BT AR T -5 b A FE R Bk o U AR R O R
TS 2 K AR 2R B SR 433 2 0.01 F110.03

LG IR FOUMZE A TS Y Wi ok | B A5 BN [ SO S BT 322075 e WA o T Qe HETSORCER DL
%4,

R4 BEULBSLEMEHNE
Table 4 Pollutant output weight of each landscape type

45y Year 2010 4F 2015 4F 2020 4F

S Landscape types N P NAE PAE N P NAEE PE N P NAE  PRIE
B Cropland 1419 1.61 0.60  0.85 6.72 0.91 0.29 0.48 7.09 0.97 0.30 0.51
FElH1 Orchard 19.19  1.39 0.81 0.73 9.18 0.78 0.39 0.41 1034 0.90 0.44 0.47
AU Built 13.50 1.38 0.57 0.72  13.50 1.38 0.57 0.72  13.50 1.38 0.57 0.72
#4th Nudation 8.09  1.90 0.34 1 8.09 1.90  0.34 1 8.09 1.90 0.34 1
MRHL Forest 23.57  1.51 1 0.79  23.57 1.51 1 0.79  23.57 1.51 1 0.79
KR Water — — 0.01 0.03 — — 0.01 0.03 — — 0.01 0.03

Hoi NAE P EANIH N kg hm™2 a™ ' (Akihh ke/hm?)

2 HR55%H

2.1 R A AR
T8 1 X 18 S AR f 1A B 5 B R A 5T X 2010 4E 2015 4R 2020 4509 3R K (F 2) . Z5E HAER
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Fig.2 Land use in Houxi Basin from 2010 to 2020
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km?®, BRHL KA el b ) R AR (R R EE AN K
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Fig.3 Proportion of land use types in past years

HIEAT 25.50 ke HoAl = RIS AAL D B B ML, HiH 1 R S A3 8 57, AT 95.65% B RR L 1 HeAt

THFHEEA L KA P A AR RE AN K
2.2 JREE AR SR TE S A A XU X K

XFAFFE XA 2307 4 RUBS TR SR ITHEA T A 15 G 48 50 ( GP) (E T 3R PR B HE AR T Y S B X, XF 3145
SRR AT/ BIAEF] 2010 4E 2015 4EHT 2020 4F AR RFE SR TS Y kAR KIS A0 A E (8] 4)
GE” FOULIXK IR LR m A 5 He e KA Xk (& 5) , B “I0 7 S0 X f A 131.54 km?, 5 4F 4 Ho 4351 ok
64.89% .64.93% 71 68.44% , V-3 GPI {i }1-0.80,-0.75 F1-0.74.,
AR X AR 5 UG Y] B & AR 1Y X, PR SRR IR IX AU 60.65 km?, AT i HE A 35.11% ,35.07% Al
31.56% ,~F-¥J GPT {4 0.25.0.27 1 0.26 5 B & A= KUK K /N 73 S B VR X R AR = AN X 3k
ARRRURS: DX A i 5 e 2 U X ( GPI>0) 1 FE B iR 43, 2 AR s TS G A U 3 I iy X 8k, A
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AU X T AR 32.16 km® . 4R 5 L0430 18.55% 16.65% F11 16.73% , -2 GPI {84 0.13,0.13 F10.14,
XU XA AR 23.16 km? . PI4E & Fe4y 91 R 14.04% ,15.35% F1 12.05% , -3 GPI {4 0.35,0.35
#10.36,

£S5 2010—2020 FFRFE L b A A EAREBLERE kn?

Table 5 Land use area transfer matrix of Houxi Basin from 2010 to 2020

20102020 Hrit P! A B IS Il b it

Cropland Forest Built Nudation Water Orchard Total
#HFHL Cropland 5.77 0.56 0.30 0.04 0.01 0.00 6.69
MHL Forest 6.21 88.94 10.39 3.61 0.52 2.29 111.97
AV H D Built 7.30 15.87 25.50 3.91 0.47 0.07 53.13
b Nudation 0.51 2.74 0.68 0.38 0.05 0.07 4.44
KA Water 0.48 1.01 0.21 0.70 8.29 0.00 10.70
PEl 1 Orchard 0.04 3.75 0.06 0.10 0.00 1.33 5.28
BT Total 20.32 112.88 37.15 8.74 9.35 3.77 192.20

e EN
R X
R X
B R

4 REREBHFEERFETELZERNE

Fig.4 Historical risk of non-point source pollution in Houxi Basin
vy DR, DR AL S5 LT e B Ao 8 38 T WL A M P ) DX, A7 AR BOR AR R IS e e A KUK, 75
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Table 6 Area transfer matrix of non-point source pollution risk levels in Houxi Basin from 2010 to 2020
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