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Analysis of Rainwater Runoff ‘Pollution Characterlstlcs of Various” Typical

Underlying Surfaces in Ningbo

XU Yg—pe , GONG Yue-mm BI Jun- peng WANG Yang', CHENG Jun- 1".u11 ’ '-WANG Kan' i
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Engineering, ZheJIang Unlvers1ty of Techmblogy; Hangzhoy 310014 China) o 4
Abstract: The, pollut10n of rainwater runoff in url)an areas/éan cause nulrient enrlchr“ent and eutrophmanon in receiving waters To
explore the pollution characteristics of rainyatef "rilhoff m'legbo eight sampling Cdmpaugns were carried out during rainfall event$ from
2009-to 2019 Samplés of rainwater runofff were collected from underlying surfaces ‘of roofs squares, grassland, main roads, and the
roads fin dommerci ial streets and residential districts.' The concentrations of runoff pollutants, their sources and correlations, and first
flush feffects“were studied using frequency statistical analysis- and correlation analysis. The average event mean concentrations of the
chemical/oxygen demand ( COD), ammonia nitrogen, total nitrogen, total phosphorus, and total suspended solids ( TSS) in the
rainwatér runoff in Ningbo were in the ranges of 23.88-102.31, 0.40-1.69, 3.41-8.71, 0.09-0.50, and 37.6-323.4 mg-L™",
respectively. Apart from the square surfaces, the COD and total nitrogen pollution of the underlying surfaces was severe. The ammonia
nitrogen concentrations from the roof, commercial street, and residential district surfaces were significantly higher (P <0.05) than
those from the square, grassland, and main road surfaces. The concentrations of total phosphorus from the commercial street, main
road, and grassland surfaces were significantly higher (P <0.05) than those of the other underlying surfaces. The correlations of TSS
with COD, ammonia nitrogen, and total phosphorus showed that the pollutants and TSS have the same original sources in roof, square,
main road, and commercial street runoff, while ammonia nitrogen and total nitrogen have the same original sources in runoff from
grassland and residential areas. Under the meteorological conditions of light and moderate rain, the first flush effects of ammonia
nitrogen in the runoff of roofs and grassland were observed clearly, whereas this was not the same for the pollutants of total nitrogen and
total phosphorus in the residential area, main road, and square runoff.

Key words : rainwater runoff; underlying surface; event mean concentration (EMC) ; pollution characteristics; flush effect

I B A b IR R 22 5 )k R AR DX s - ) FH T SN[ R IR AR TS R R T R
BT BEUE IS K TR SEE  EREAET, R E GO R e A
IKAR TS K R, o T ol KA G ST KAR TS YT e T ARG S T ABIFFE R
KU AYUT ERMBEETS it AR 290K ROy sgil Rl RIS 2 H N RN EA 5 m
1, G5 KRR & S SR ALK A SRR L SR AN (W) 28 B H8 T 1Y) R K A8 3t 7K BT 22 S i
WFoECAESE W K R T A HUR M E &R & K, A TRIRAREALYEFNR Sh . o4y 32 94K kA=
R SR s kA ) ke —————

B A %Mj:’ K 46% MM AR T5 5 ATV A Tk gzlaﬁﬁéq lf(zl%lll)j%ogn:i)ﬂl%éﬁiﬁaiy’tﬂgléilﬁ%l(lzlllliéﬁ (2016K4017)
WA I BRSO R ) L L e

[X“l \ﬁiﬂkc\@ﬁﬁ%*gl \’fi?ill% \*ﬁ;@*ml Mz * ﬁf‘l’ﬁ%‘ E- mall cheng_]umm@ nbu edu. cn



3276 7D 53

B 41 %

BRGN RAER R, R i 15 b 45 A8 it s G
P DD A 8%, 1 50 T DA I8 T AS TR) IX 38 A4 R
IKAE TG YL RRE.

T TR KA HK IR E B SR,
it LR S T RN 2K AR T TR S e IR, ) 2016 4F T T
TSIt 40 3k 7 R i, AR (B2, i T2 Mo T
FRARTE W B AR F =, 3ok T W 2K A28 3 i 5 e £
far e LA, T B0 47 B 4 152 it T A
FEREFCHE A H A B, B n TR B A AT XHEAR
JE B TRCR AN B, AR R T T T 6 A4
AR W 5, 1o S W I RSCE A BT T 2009 ~ 2019
AT T R [ 26 R T RN K AR PR T A
(COD) EA A AR TR AR (TSS) /75 G
ISR “%ZIEHE’JI—ME PSR, R T /N
S N IKAR AR B bR | LA R 3k it W /K A2

N \ﬁ‘-\_/\ ?i&'l"ﬁ‘lﬁfﬁ

A -
?I it [><'\ﬁ“’%C
AN,

1 ;{ﬂ{ﬂ
TEFAR X . &
S

_
——km '\aﬂ S

0 5 10 20

300000 2

N kex
BRI X g ;"”j

30°45'

121°30

v

122°00" E

29°55'00" 2

)
o RAERfL
[ EEiiEe

29°52'30"

A T EE R R A IR
1 ST

1.1 BF5E IXSARE

T R BT 2 KU AR R OK H B H BE
KHEE=0.1 mm) 7F 120 ~200 d Z[8], 4EF S pE K &
1480 mm 247, 5 ~9 HRFEKE 5441 60%, 4FF
WAE W AR N 0.54, 12 W & B 86.99
J7m? ekm 72 T AL R X T FL2 560 km®, £ §E
TLAG DX TREHE X R X BRI DX RG2S X XN R
A BTN B ARTE AR R U ) S PG R
I AR RE T O X R T IR
iy K% GH S ORI T R SR T RS LR E T 6
AT KA ERAE T L 1 AT W Euﬁéﬁﬁ
VNGB e

121°35'00"

121°38'00" E
B1 RESSHRE

Fig. 1 Locations of sampling sites

B CRERS A TR B S TSR
T, S = o, o R R s B T R—) 3,
JE T O IR IR R R B W) T —
PRI RIIETT B 4, TR EE AR B KA AR
Bi%e; C LT 7 K 2R R PN L, T T R 2
24000 m* , HigASFH. D Ry fE AR /INKEE B 7 TR IX
SCEEHR A IHR R, #2491 200 A, 38 %R 15
K5 () 7K I8 5% T, 6 T b 35T 4 T K AR S e HE K
B SR S ST HE AN PSR, T8 B T
W E SRR 1R E S TR, ki 3
THE 3w 6 A3E I8 FE T AT AR R, W 4y
AT =R FFEBE A FIAE. F OV A i

E% TS T AR R Bl A AT 2 B, NI sl % S
HHEAANTIWEA, EEBRER 1.
1.2 FEACREIE
oK FELRET, 7R T A TN 7545 DAL kT T3
T A7 A DX P A Ik T T2 T T A A R K
KT DR BB M AR A 25 R 2 2 L AR K 3T
W B SRR 2%, TR B KR AR I I BV 46 R
FE KR AR BIRE SRS AT I TR 0 R G SRR
KBHZ ] 58 B RAE T 4°C vkF .
2009 4F 11 H #2019 4F 5 7, HoR4E 8 MR
R AR TKEE. TR W) 3 T GBS
TNHIAT, BTR A A AR T KRR X Ry U R R e R 1 3



7 39

TRFGEAE . Ty SRR H T R R AR U S SRR A AT

3277

IKFE , BB FRIE B AR T 4 R 4R 55 — AN BRI KR
FERT 30 min N AEF]FE 10 min RIKFRE T —AKEE,
Z J5 BRI 30 min SRAE—DIKEE, B2 FER SR N
1E, it B AR AR 6 DMESIKFE.
1.3 HEasrthrik

KFETERR , BV A SEB0 2 500 AR e B 8 A
45 .COD A A BA LB TSS. Kl ik 2 W
SCHRL 1S ], B COD R H R 4% R 26 74 1 22 (HJ 828-
2017) , S AR AN FC IR 4366 BE VA I 2 (HY 535-
2009) , SRR FH 3 i R B 4R Ak 55 0 a3 ol o B VR
FE (HJ 636-2012) , SV HAH IR B 43 500 BE VA I 7
(HJ 670-2013). TSS R HTE 105 CHIFKM TN, ZEE
L H R T A [ A A B 5 ik

EMC) SEPPAT5 Y 975 Je B E ' EMC (mg-L™")
AR

2, M ARSI B 5 G PR i g
V ORIRFER BT R, Ly ¢ MR Z], ming ¢, Kt
BFZ075 Ye e BE, me-L7"5 Q, R ¢ B 248 i
L+min "' s At HIFR][E]FE , min.
1.5 PR A

TER ALK FER R ] L3 B R &

1.4 RFEMART-F-HE (EMC) 387k Je PCAA RIS IEI R 58 (SR B IR B IR
BT ORI T e RV e vk B 2 S K T L 2] [l SR B IR, 8 7 e ° S 1 AU AE 2
UK W A% 3 °F- 3 ¥ BE (event mean concentration, IR 1. | = 'y
R 17BN ERBERE" -
Table 1 Chafaai'éﬁstics of the monitored rainfall/events 1 F.
o . T . i I S 3 S
e <¢iﬁa> P FERIEA I N vi:mn4 P
1 2009-1109 23] 16 150 ~19:30 160 © W 0149 -
o 2010-03-14 1071 /) 13,50 - 15:30 e / & 0.451 4 ‘
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Table 3  Linear correlation coefficients between the

concentrations of the five main pollutants
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