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Fig. 1 Extent of the study area

1.2 HmRESHHh

W S AS 2SN R T . AVR R I KCHE T DL N I R AR, MK SRR R . AR
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1.3 BHRSHHTE 1 BEREERISRE
1) S04 T YR 0 IRT YL 7K S 75 G o R A AT s o Table 1 The classification standard of Rainfall grade
R P S P e A B e X /K S 14 DK W 3 54 24 hFER fib/mm
X B A R 2, AT RIS e e "
IR LA WG AR . s
IR, B spER R WA (1D)~(2).
K 25~50
Wi = Wi + Weps o + Wi + Wi (1) 2 50100
Wi = C i exp (—kx/u) ) . 100-200
Abe woh i EAb R =TT, B RS WRER ~200

L HFREFAMMIR) | gs's CRIGRYIKE
mgL'; O MiiiE, m’ss kAL x AT s
WA B 1 W AR ms 2 Rt iR

Table 2 Summary of rainfall characteristics

W, ms,
MRS BRI m K AL F 2k 5T WK A VERN PR MERDIRE SERRERTRRE, FER
AR KBRS . 05 CT KBS L, Hdimas R mm  min  (memic) K
LI IR TTERAR L, sk 3 iR, RAEE ISR 41l /bR 47 120 0.039 59
RN N R DTRRAS A A8 4E (BIAW 5 = 0) , TR 418 PR 126 330 0.038 76
RHETS 171 38 1 A8 A0 e 18 i 34 A T Y A\ 2K 615 E 26 120 0.022 87
(B0 Wi - AW st Wigany) - 2K (3) PIAETR A 719 P 173 190 0.091 103
ENOE 721 KM 306 430 0.071 104
AW = AW i + AWips + AWy + AWy (3) 724 /NE 53 220 0.024 75
AW iy = AW 1 + Wi 4) 43 /N 20 70 0.028 30
b AW N BRI RS g, R o7 M0 s oode 40
(=N, e, HES 0. HERIERANIE) o 619 KM 438 380 0115 47
AT R A DL (5).
Wiiig = AWy — AW g (5)
AR BT K B A BTk LK (6)-
P = Wi / W (6)

2) HECWHUE L . RAIEEFERER F43HT (positive matrix factorization, PMF) VEAAATHEI 154 IR J o1

Bk, HEAGRIA (7)1,
X=GF+E (7

AP R X ORISR R R, B RS m RS IR BRI A (nxm) 5 HERE G BRI
HITTERE (nxp) 5 HiFE F FOREIEAIEE (pxm) 5 HEFE E NSE SEAUMEZ 09582 (nxm) 5 p HE
BRAVEH

3) ARG GBI . RIS FIE A EA MRS A oTiloR, & P mEiTs Y i
Tr R PSR RS Yk (EMC) G5 G s b it 1 X X 5, Mg BRI e i
Tt M, (kg) 2 T4 P M, (kg (8))o

M=Sm, ®)
. TEVE k XHFR EASRTE AR A TTERR P (%) (28 (9))
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Fig. 2 Ratio of river water quality in rainy days to dry days
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Fig. 3 Pollution fluxes and contributions from urban surface sources
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L BRI /INRRRS A /N PRI AR 3 2 8 i TYR03 SS. COD Ml NH-N s MiAE FF AR, 45 R
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BAKE, WA RGN, MR AR, AR5 Y r i g, XN
F4) TET ST 07K B ) BRI o 7 1| B4 S B T 5 XS 9L ) 255 e ) DR R AR A BRI B AR T4
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HETETSK (IRHEG/K) B 1829 ARHISE R PME ARUEHTIX 3 Fhis YLl /R R ZKHE O G Y sk

1) BEALZEA T, Wi A tn RN R AE R ) A HE RS il A PMF A58 55 eI F40h 3, i
FIRBERE 200 IR, TRzt TR, BOAMMARCRIRE Q (AAuE 2%k R® 1 1HIE, Q (Afe Hikin 51
WEH, HRAEEET | AERERIIE R L, A SRR Q [EA R® HIER s B A a2l
PMRIEZS SRR e I 5. 4 D XHE O BRGS0 3 s, A0S JA8hr) R AT 0.8,
O HEMES 0 BUSEA A BN 115.7% .. 130.0% . 133.0% F1 105.3%, FHIRAELERCRE N FIAL

&3 PMF REUEITEHER
Table 3 Table of PMF model run parameters

s a ¢
SS COD NH,-N TN TP HIA(E G AL
AN E  0.997 0.601 0.993 0.938 0.996 101 116.9
ANEGRHEE T 0.999 0.831 0.967 0.835 0.999 57 74.1
GRS L 0.802 0.994 0.992 0.968 0.763 47 62.5
SIRAWHEEIRE 0.997 0.831 0.966 0.935 0.999 69 72.7

2) V5 YIRRG . PMF MR 745 5 rT AR5 e IR F A B A SRR A BTk, (EAAR AR ATT V5
U (F1. F2. F3) S5Chrig el AR Aidis/K ., EHETURY)) BIXTR SR MATEWT, Treiit—Emal
XS5 YL IR L7 (Source Profile) AL AT IR Lo ik EEORGUINT- 10, 5 YLl b R AR S AR TR
V57K IR B, TS TR N RS 15 YL vk B AR SR, PRI SUR AR I A TR 5 7K I R
Z A RIS BRI THIE , & 4 R BB IR ZESR, FT AY75 Y PR 700 A T TR
% 4 HEASIRTEE R

3) SR TTRRRANE o ] 5 o PMF RS8N 4 AN XHE D V5 YRR 2 8, Hih o 2 il e IX
(K 5(2)) T, BIEVURW AHED NH,-N. TN Fl TP B9 FEE 759k, o HSE NH-N, Hoikgnl ik
64.5% 1 76.4%, F-H 5 IERIFHX IS 2, 7)) IR IR 50T XA A — e R DR HA R
%, IRBSK ST — e BTG Y gy, X5 SRR TR R 8.9%~69.8% . WFFE X NIRRT G /K
HIEA WA . — TS K P A TR A, 305K B, R N R A
JEARANX ARG, EHHEATKR BRI il I HE C5 e i farigiek, e s E TR s
PLL KA K A, A RIS KA B TAE, JEH i fEsa N, TBGEK . |3
5 el 4 X A A2 I & (low impact development, LID) ¥t R BRI TG YL fifr . bAh, 8 Al ok
CCTV S54RI F-Beif e PR TRAZ T 5, SRS A T0E, W REE5 K S HEAT TS

Xt 2 AETHIEX (F 5(b)) , ARG ARBTG5 KBNS YR, AT NH,-N 15Tk
R INAIL 85.9% 1 86.8%, X TN M) 5T ik K [ I A3k 86.4% H1 85.5%, XF TP (1) 51 ik & 1 Jin Al ik
81.5% 1 85.5%, Jp3 il Tiiis YL i B A NI 2, AT ARV AT i s o 11 DX 3l i A 5 b A B 3
W AR AR, DR TR R B TR AT i, S S I PSSR JR I U 1A, D D RIS A TR
Wk ik H R A AT

AR, B AR TS Gt HE 175 4L fa far i SS STHR %K 63.7%~75.4%, COD BTk %5 30.1%~
72.3%, PRELT HIFAEH SS A COD V54 H A HARAE . FEHECTAY SS fammtllirf, ARSI S H
KF&dn, KRBT Eb b XA TR X SS i R A A5 el 16221

TE 2 Nl X, 3 nE B D URRIX R HE D SR TTRRIE KT, PRSP DX G R KA 3 o
INFEEBRHBIX, NS A RS 9 . RIS, ERNRKE T AR EIARED L.
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Fig. 4 Determination of pollution sources along river outfalls
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Fig. 5 Contribution of each pollution source along the river outfalls
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Fig. 6 Contribution of each surface in the four study areas
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Sources analysis the of urban non-point source pollution in in two typical
towns of hill and plain in the Yangtze River Basin

LIN Bingquan'?, AN Xinqi'?, ZHAO Chen'?, GAO Yahong'?, LIU Yuxuan'?, ZHONG Yin'? QI Fei'?,
QIU Bin'?, WANG Zhenbei'?, HU Qian'? SUN Dezhi'*"
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2. Research Center for Source Control & Eco-remediation of Water Pollution, College of Environmental Science and
Engineering, Beijing Forestry University, Beijing 100083, China

*Corresponding author, E-mail: sundezhi@bjfu.edu.cn

Abstract In the hilly urban area of Yongchuan District, Chongqing, and the plain urban area of Jintan District,
Changzhou, both situated in the Yangtze River Basin, four areas with two drainage systems (namely, combined
system and separate system) were selected as study objects. Quality data of rivers, riverine outfalls, and surface
runoff in these areas were systematically monitored during rainy days. The study employed the river mass
conservation method to assess the contributions of non-point source (NPS) to river pollution; employed the PMF
model to trace the pollution sources to riverine outfall; and employed the surface runoff mass conservation
method to analysis the pollution sources to surface runoff. The results showed that: Urban NPS contributed to
the five water quality indicators (SS, COD, NH;-N, TN and TP) in the rivers in the four study areas to a certain
extent, and the specific contribution rates were related to the rainfall levels, regional characteristics and drainage
regimes; During rainfall events in both types of towns, surface runoff was identified as the primary source of SS
and COD loads at the riverine outfalls. On the other hand, NH,;-N, TN, and TP loads were predominantly
contributed by sanitary sewage and sewer sediments at these outfalls in the two different drainage regimes;
Influenced by factors such as topographic slope and population density, the main pollutant-producing surfaces of
Yongchuan and Jintan were different, with Yongchuan being neighborhood roads and Jintan being traffic roads
and roofs. Targeted control measures were proposed to improve the refined management of urban NPS pollution
in the above study area.

Keywords hill urban; plain urban; urban non-point source; mass conservation method; PMF model
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