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Table 1 Removal rate of runoff pollutants by 4 LID control measures

LID ##Jifi LID control measures Wi Citys 154 B3R The removal rate of pollutants ikE% References
Wi R Biodetention measures — Nitrates: 1%-43%; ammonium: 2%-49%; Pb: 98%; Oil>96%; Hsieh et al., 2005
A T Zn: 95.2%; Cu: 91.2%; Cd: 66.3%; {HE A, 2017
Biodetention measures Hanzhoung Pb: 94.4%; COD: 80.4%; SS: 85.1% (Fuetal., 2017)
AW E Biodetention measures - Perfringens: >3 log; F-RNA coliphages: >3 log Lietal., 2012
5 fo 2R L)
ErOE &ﬁij _l TN: >65%; TP: >65%; COD: >65% Harper et al., 2015
Green Coverage Measures Missouri
Lr {67 3 Green Coverage - TN: 66.64%; TP: 75.83%; COD: 78.93%; SS: 94.5% Hou et al., 2014
mrEgis (RERET) SR FFTIF4E, 2013
TN: 84.2%; TP: 19.0%; D: 61.4Y%
Green Coverage (Mixed matrix) Chengdu " %; CO & (Zheng et al., 2013)
LR 3 Green Coverage Jb&TT Beijing PAHs: Close to 50% YEPRIREE, 2016 (Shen et al., 2016)
KR PP Zn: 69.5%; Cu: 58.1%; Cd: 52.2%; fHEBA4E, 2017
Permeable pavement Hanzhoung Pb: 68.5%; COD: 48.3%; SS: 83.3% (Fuetal., 2017)
K (W - . .
SEAKEEE (Di ) PE24T Xi'an TP: 87.2%%; COD: #J 50%; SS: 86%; Jiang et al., 2015
Permeable pavement (Asphalt)
#EIKAHSE Permeable pavement YT Shenzhen TN: 46.29%; TP: 19. 27%; SS: 70.26% ‘B[4, 2018 (Gong et al., 2018)
IR Bl - W oIl B, 2018
TN: 20.22%; TP: 70.27%; SS: 85. 25%
Permeable pavement-Biodetention Shenzhen ’ ‘ ‘ (Gong et al., 2018)
PNRRLTS: N E A=) T ek FH4E, 2007
TN: 52.3%; TP: 58.8%; NH3-N: 33.2% X
Constructed wetland (Vertical flow) Wuxi ’ ‘ } ’ (Nie et al., 2007)
I\‘\Eli 7 N7 Bk 925 . .
ANTiRHL (K ) Tkt HEFE 2007
Constructed wetland Wuxi TN: 0.1%; TP: 57.9%; NH;-N: 27.4% (Nie et al., 2007)
ux .
(Horizontal subsurface flow) ’
AL (M) TR HEFFAE, 2007
TN: 19.2%; TP: 26.3%; NH3-N: 14.19%
Constructed wetland (Surface flow) Wuxi % 70; NH; % (Nie et al., 2007)
AT iEHb P& Zn: 27.68%—54.14%; Cu: 24.14%—52.49%; Cd: 75.00%— WIEIEAE, 2017
Constructed wetland Xi'an 87.88%; Cr: 59.10%—73.10%; Pb: 57.79%—73.20% (Cao et al., 2017)
AT iR il TN: 82.6%86.6%; TP: 89.0%-90.4%; FH%E, 2006
Constructed wetland ‘Wuhan COD: 69.0%—73.1%; SS: 64.7%—69.2% (Yin et al., 2006)
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T XS H UL 4 8 15 Y ) L BRVERIFE 50%—100%
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3 FlOAS ) 25 40 A= W i B b, fE EUK NH, R
(5.88+2.32) mg' L™ IEMLF, 3 FhasFHit % i%75 Y
VI EBRR 90 31.3%. 85.7%F1 95.6% (2557
&, 2017) o FEEUELLTH, W HEDE BA YD 453
2. Wt M. b, ZER BRI K
A SCR I TR IR BT, #F 3RAT IR F 44%
(FERUSAE, 2016) 5 S AEYIRIET A YIH B AR50
BTCHE Y EE A Y B R S5 5r m e /b 87% 1Y
TP 5 52%M4 TP (Spolek, 2011) . M4k, HEH:
Jit RE A 0 5 B = R i P R 158, LIB K
THT—2E s BR8], AR ZZ A A it

HALETS Y SS. TN, TP MEY5 YL A g4 5
R 28 M 22 PRIV S e T AT Y 4.05% . 43.47% . 24.39%,
TR R (CE SRS, 2018) o UL
Ah, BB GRS = 2T5RCR, i e
AL AT e EL AT RO TR A VE R S R R AR R
(SMB) , HEAHCSZE IRt i YAk SMB
A B R G A LTS G S RS R R BRR AR
EBRRI L] 89.26% 5 74% (1, 2018) o {H
LIRS R, S R e AR
ST AR TR
22 HZBE=E

St 7 15 % A AE 38 T AN 32 K T AT 2 €8 A
YRS J RS R, SRS EE TS IR
TTER M o 30T 2% 3 A A M e 2 M o 5 1 A5 J] 3
MR K H BCAE, S )2 T S fb 45 S dE AP i T
WFIR A, HREBEINT KA | AR R
AEFR KA RAE A (BEREESE, 2013; Berndtsson,
2010) o PaiA, T2 ST A& K X R TR
1 40%—50%, 232 T TS YLy ™ E ) IX
( Boulanger et al., 2010 ) . Z¢078 w545t I /KAE
T H IR R o315 Y A B R AR RO, R it
SR T AR SS M ERBR R EIA 94.5%, MMiXf
COD. TN, NH4+. TP W EXHIERNT 47%—
80% ( MEFHFE4Z:, 2014; Hou et al., 2014) , FHn
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AR TN F2 COD, TN, TP EBRZE KT 65%
( Harper et al., 2015) .

FEYIRZERY | EHOL 518 KB BN R R
KIS m s (078 S5 X5 Ye ) LB, R
THEB BN | YRR S o BT KRR
W55, MBI BT, & & AU sk e f it
AI L S /K AR A I 8B ], BE
b E ISR 7315 Y HCR (Liang etal., 2012)
M AT SIREMERE, AR, F5
Iy BEOMERE, YIREIRE T CR (Juetal.,
2015; EBEREE, 2015) , VRERSRSE (2016 ) X4k
@R A HLTS e9) 2 3405 TR Sl o 45 1
N, WLk SR L R REAS R B PAHS
FBRR, AR, FE 0 RO
R, Wi RO A S Y BB R,
A S OO B AR R, RGN R
FE X Z2 G Ye ) L BR R R ( Berndtsson
2010) . AP3EIFEE (2013) e TIRAIER (SR
AR+ ) 5 TR PR R 0K Bag s,
Ja#EKBRE) TP S AT BT 11.04%, MiF#
JRTHXF TN, CODCr. TP AYHIEER A F) 84.2% .
61.4%. 19.0%, [FIASH Dk A el 4 iR & 3
R 2 TR AR R 4518 . Wang et
al. (2017) WFFEMEH T S BRA FgE A Ay W ff 32 o
AITE P TR A W) UL )2 1 2 0 3 TOH 5 Je W i
BEISCH, ARSI oA KBTS e A RSO
HiZzet B ias /K pH 5.6 Z2A1EREF] 6.5—7.6,
Fsh, FE IR S ek g, BREES
BEBRTG YY), MRESR SRR, s
Wy 1 S O AT S K B A ) Bl R A B AR
(Spolek, 2011) . #KMmF, SEOEBIEGERITS
P s A i85 /K Bl R 1 it 5 2 e R R TR B, AT
A MR N OB A S SR, AT LA
PSRN T A TR B B AR it
2.3 EkEE

KRN I — AT )Z . PR BE)Z
A3k (CSREMZ, 2007) , FEEE 2R EKH
AMESERS TN K B8, FIH&ZE AN |
e b A SR RIS S E T, SR E
WRALR E SEENKRR B, # WA .
TREE T E%E . fEhide . IRz sE (Wang et al.,
2015) o TEXVSHIH, I HEXTANETE S nidie
BORKAIAREE, WNIB BT B AR B4R TS
Ye i) LBRSCR A, XA LTS Y ) LB
XA (Jiang et al., 2015) .

WL B RO A . fEKVe . MUE R 245
JFA AR E S ISR AR SRR AR

BoA b, LIRSS AR R A ( EARIRSE, 2016;
Park et al., 2004) . EEMHEIA, WokHEIK
fiZiE 1 (Huetal., 2006) %%, 05745 F 41
TR R TREE 37 /K e R BB BRI 1 335 7K Al
FEATRINT CODCr Fll TP HEBREUERE A H A (K
HAE, 2013) o B, MG . BRI ER
ML, A EE IR I WA DR
4 FhZALIREE LA E TS SR N RCR . &
PR AT S RSO A, TRAIRZ ;s VA
X TN (W BRI S A, B iz (TR BB 45, 2012 ),
BEAN, SR R A ) TR TR a7 2K T it %o
COD. TP, Cu M EBRICREA N, Mg
JaXT TN A EBRRCR A ( ERIGE, 2017) .
Ak KRR T Z ARG EE . 33 3 5L
JO AL B Pt 2 1 o K e T e F b A5 R B T 2%
HREAE, B¥REMNFREISK, K, BREA L
9 0.28:1:8, HAER A 20—30 mm [PRIALHE AT,
LI R AR R B R (A5, 2012) .
VFEZRSE (2007 ) XFH T PRFMERAR 2508 10—20
mm 5 5—10 mm %] 2B BRI , 5 SRR
10—20 mm R RIZFLIREE X TP LB,
T LR ERR B K 25%IF, ORI 7 K Al %)
TN B EbRRa e . 28 LT, %5 R 10—
20 mm B AEAE R, BK. K. BRIBCS R
0.28:1:8, LB R E R 25%. (HIE AMTTx ol B A
BRI L, RN . AFTiE
1520 3 SR A /N T Bl b R ARG AR T 5 B 3
Jifi, ANREFEAM™ I K AR TR BEACR
24 ANILBHMZEZ

N TR H RS E—Fh A i sz A
SR A b PR R e, T2l fhe
DL Rt A i AR B A R S B BR IS B W
( Greenway, 2010) . A T JBHbZR G0 432 B
KRR A SRR AE A, RN TR AT i A
M TZ2HEMMNEA B RS, S5k
AR S R KOK B RS e Mt s BRI . B
AASEHR>KFEW >R TR, WEESE
(2007 ) Rbix JURP A T30 M X 55 FR Ak 1 K AR Ak 5
BT T RS, 25 R BREER . AKEER .
FHFAKPEE . TP, TN O EERFRAR K
A, BRI R R TR R RS E R R
RORE AR FEXTE AR, B AT (2017)
o KBRS RN TR R G0 W 4 g 75 e
YL = TAL—Fh g A TR RS, BR T L
PR R G A, TR 5 A i & WA A
FEIVRARAR , DA AV TRt 5 5 0 P Ry
a AW M), A WFGE LS F BN % A it )
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COD. TP. TN. SS IR T 80%, KiHiz
TIREEAE R HIERCR , I HRERE s kIE N /K Bk
Atk (FHESE, 2006)

TEIRHD R GRS SR B R T, MR
RIS AR £, M= . &
OB, RN BYEK . BRAEE (K,
2011; XBHHRES, 2005) o #E5E (2002) W5 A
PR 255 o B BUK A, DA Bk AN
BRI 4 Fi A T8 R 506 TN, TP, CODCr 12
BRI 80%, HiA A1 4T 2 (AR R G X
BEAIR IS LSO B . A, 38 s ndl B I
[ REBRERS R IANEH R G MV AL RR, , s in A=W ¢
PR IR A BB A SR T B AR A SR LA (XS
{24, 2019) , WINAFRAY IR RS EE =R
R G R AR E e YE , I A P B A C
WHERS (B4, 2019) . A TIRHL RS A
B w XA MR R, B SO
JitE AR

BROL, B UEH | ARG . R R R |
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WEBHIN 22 1 T % . R 92 LA IR 3 5 ) R 5 (1)
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U 23K A 2
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AL, OCAEYRAYESRY), R R 2R R
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2008 ) , fHELFZ AR, YEFEIS  HORLR
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(USEPA ) J& £ & 88, 100 /M At R 52
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2000 ) . #ARZ LID j5 Bt 344 ] T8 aE ek
FLRR, (AP IR B FE 2SR B>, HiE
A IZE SRR TR .,

3.2 REZEMmMX

SRR LID R AR Z R SR, &
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VI HB AN FRRCRREAR, 7F 4 C AR AL VE R ¥
T, BRARCHE FF% (Cookson et al., 2002) .
Ak, MR IRRES DR K e | A%
AR RE ) T SRR, R B R R R
MGG . AN TR Eh A, iR AR
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VAR
3.3 HEYEE

FEBS> LID B it 75 2R B — s 2 Rk
KW, SR SR e LA R R 2 2= B 284k
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WENFERZ —,
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2B S TR AR R AL IR TS 2 e Ty 2 KA s R 1
R ) 2 8 1) e R S SR AN B85 R e B R o R
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Tt 388 T — Al 2B AR AL R 4 2 IR SR AR b e
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IR B 7E — 2 25 NS5 TR sk R

Ak, ISR B MR, . FER
PR 5 0 AT, X 24 H AR SR S 5 YRl
BUL TR, HERKINNEYE, HEREMSGRHZ
o A TR . BEAh, BOMAERE . WEER A
bR HRIA9TT R 2 S X e iR BEEE i Y SRR ZR N &
A T8 S YRR G YL, I M B TR TS U
4 RZE

VAR, IR AR i 2 T 65 e ih B e 28
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PEFE I, N ERITIIH A
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Measures for Urban Non-Point Source Pollution
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Abstract: The urban non-point source pollution refers to various contaminants carried by surface runoff in urban areas, which are
generated by precipitation washing the atmosphere and scouring the ground surface and further pollutes receiving water by the way
of dissolution and diffusion. In recent years, as urbanization process of China accelerates, the urban non-point source pollution has
gradually become an important factor affecting water quality and a severe problem of water environment management. Optimizing
and generalizing the non-point source pollution control measures of low impact development (LID) are the effective ways to alleviate
the situation, thus, this study summarized the advances of relative LID control measures. In high-volume urban areas, vehicle
emission and atmospheric deposition are the main sources of non-point pollutants, which include nitrogen and phosphorus pollutants,
organic pollutants, heavy metal pollutants, biological pollutants, and other urban non-point pollutants. City governments control
non-point source pollution by combining engineering measures with non-engineering measures. And the engineering measures
control pollution of non-point source from three processes: source, migration and terminal. Taking biological retention system, green
cover, pervious pavement and constructed wetland system as examples, the four main LID engineering control measures are
discussed. This study focuses on summarized four LID control measures, including their basic structures and removal effects on
pollutants, as well as the removal effects of improved structures. The effects of LID control measures are often influenced by the
blockage of filler matrix, the change of temperature, the rot of plant, and the decline of facility material tolerance, which were also
discussed in this study. Finally, this study put forward prospects for addressing these issues, such as choosing plants with stable
absorptive capacity and collocation, adopting simple auxiliary measures to alleviate filler matrix blockage, and exploring new
materials with strong permeability and tolerance.

Key words: urban non-point source pollution; low impact development; control measure; research advance; prospects



