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The concentrations distribution and composition of nitrogen and phosphor in

stormwater runoff from green roofs

WANG Shumin'*, HE Qiang" *, ZHANG Junhua', LI Jiang'
1 Key Laboratory of Eco-Environment of Three Gorges Region of Ministry of Education ,Chongqing University, Chongging 400045, China
2 Chongqing University of Arts and Science, Chongging 402160, China

Abstract: With the development of urbanization, urban nonpoint source pollution has become the main reason for
deterioration of water quality in receiving water body. Green roof is one of the important technologies for controlling urban
nonpoint source pollution, which has been taken as an important component of technical system in many advanced concepts
for the management of urban stormwater runoff. Green roofs not only provide many general environmental and associated
aesthetic, but also play an important role in increasing the green space in densely populated urban areas. So, with
increasing of research interests in vegetated roof, more and more such installations are being built in urban regions.
However, the water quality of runoff from green roof has been paid little attention so far, and always been consumed clean.
Results from recent studies show that green roofs always become source of some pollutants, especially nitrogen and
phosphor. The water quality of green roof runoff can be influenced by many factors, such as green roof media, plants
vegetated , rainfall intensity, and so on. As long as the water quality issues remain outside the design phase, there is a large
potential for green roofs to become pollution sources. So, it is very important to investigate runoff water quality from green
roofs under different environment and installation methods. In this paper, in order to investigate the concentrations

distribution and composition of nitrogen and phosphor in stormwater runoff from green roofs, two types of green roofs were
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constructed in Chongqing University and the water quality of storm runoff from them and the reference roof were monitored
from September 2009 to October 2011. Results show that green roofs can improve pH of rainwater from 5.5 to 7.7, which
indicates the rapid neutralization for the acid depositions and an environmental benefit in case roof runoff is directly
discharged to natural water recipients. The concentrations of NH,-N in runoff from green roof are lower than the value as
requested in standard Il of Environmental Quality Standards for Surface Water, so, nitrification occurs when rainwater flows
through green roofs. The mean concentrations of TN, TP and NO;-N in storm runoff are 3. 6—4.4mg/L, 0.17—0. 28 mg/
L and 3. 1—3. 7mg/L respectively, which are higher than that in rain water. Compared with the water quality of
contemporaneous stormwater runoff from reference roof, the concentrations of TN, NH,-N and TP in runoff from green roofs
are lower relatively, while the concentrations of NO;-N and PO} -P are higher. The water quality of stormwater runoff from
green roofs varies significantly with seasons, which is better in summer and worse in spring and autumn. Overall, the
concentrations of TN and NO;-N in runoff from green roofs decrease gradually when they are operated for long term, while
that of TP and PO} -P shows fluctuations. Analysis of Pearson correlations among meteorological factors indicates that the
higher temperature and longer drying period, the more decrease of concentration of NH,-N. The TP and NH,-N of runoff in
green roofs come from rain water primarily. This study can give an important reference for the construction of green roofs and

the management of urban stormwater runoff.

Key Words: green roof; storm runoff; nitrogen and phosphor; concentrations distribution; composition
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Table 1 Water quality of stormwater runoff from green roofs, concrete roof and rain water

847 parameters pH TN NO35-N NH;-N TP PO -P

Mi7K Rainwater 5.3+0.5 2.3+1.0 0.3+0.09 1.8+0.5 0.15+0.2 0.06+0.06
&R OJR 7.7+0.1 4.442.3 3.7+2.6 0.16+0.18 0.17+0.2 0.05+0. 05
BRI SCR 7.7+0.4 3.6+2.6 3.1£2.6 0.4+0.4 0.28+0.37 0.08+0. 07
JKYRJR= T Concrete roof 6.5+0.04 3.35+0.09 1.09+0.21 0.440.17 0.13+0.04 0.02+0.01
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Fig.1 Analysis of nitrogen and phosphorus species in storm runoff from green roofs
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Fig.2 Seasonal pollutant concentrations in storm runoff from green roofs
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Fig.3 Seasonal composition of nitrogen and phosphorus in storm runoff from green roofs
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Fig.4 Variation of pollutant average concentrations in storm runoff from green roofs annually
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DI TRURFE 2 (0 JoR OO R AR TR/ R ) 22 ER, 200l 1 SPSS18. 0 70 A7 1 PB4 (00 Jo2 THUR R A2 3L /K I3t A1
AGPER (UL PR RS B 300 1 5 300 | A W R ) 138 T ) 38 T K i 2 I 14 B K SRR O 2R 8, o 2.
K3 PR, ELJRTRMARRK B TR ZR Z AR A B EAHOCIE R | T A e T2 R A 3L ) s R
JEFI AT PR B R SRR (R 2) o PIHRER (0 o VOB R AR UL 14 SVl J38 250 TR K v ) e e
JEE S IR AR OGOC AR IRl 42 e R T AP A 28 SRk BE b IR K AR B 8 RO 1 W B B AR SRR (36 3)
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Table 2 Analysis of Pearson correlations between meteorological factors and pollutant concentrations in green roof runoff

WE& R 38R J2./ ( mm/min ) I R A1)/ min e T 5/ mm K/ [HIEIREESS |
Rainfall intensity Rainfall duration Rainfall volume Temperature Antecedent dry day

AL T OJR
TN -0.297 -0.042 -0.145 -0.320 -0.187
NO;-N -0.286 -0.152 -0.106 -0.173 -0.040
NH;-N 0.451 -0.357 -0.132 -0.109 -0.007
TP -0.014 -0.323 -0.239 -0.111 -0.222
B E R T SCR
TN -0.347 0.163 -0.076 -0.224 -0.242
NO;-N -0.315 0.128 -0.045 -0. 140 -0.080
NH;-N -0.244 -0.291 -0.466 -0.568 * -0.566"
TP -0.287 -0.340 -0.308 -0.310 -0.417

£3 REEMEMERARMBAKEEXESH(n=9)

Table 3 Analysis of Pearson correlations between rain water quality and pollutant concentrations in green roof runoff

MiZKH TN 7K H A R AR MK H & MK
TN-Rain NO;-N-Rain NH, -N-Rain TP-Rain
A JE T OJR
TN 0.067 0.257 -0.309 -0.424
NO,-N -0.192 0.266 -0.210 -0.326
NH;-N 0.299 0.041 -0.274 0.209
TP 0.554 0.369 0.789* 0.976 **
HEBHRET SCR
TN 0. 094 0.584 0.119 -0.271
NO,;-N 0.011 0.515 0.056 -0.252
NH;-N 0.786 " 0.722* 0.818 " 0.918 "
TP 0.523 0.423 0.832" 0.954
3 it
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Table 4 Summary of storm runoff quality from green roofs

HiK Sites IKFE oH TN NH;-N NO3;-N TP
Water samples /(mg/L) /(mg/L) /(mg/L) /(mg/L)
FZ VP eIV Estonial®! MK 6.57 0.4 0.1 0.1 0.02
R T 8.06—38.24 0.4—6.4 0.01—2.4 0.005—2.0 0.16—0. 64
F i Sweden!?! [EEN 6.1 2.8 1.2 1.0 0.05
TR T 6.5 2.31 0.08 0.07 0.31
HAAEX M7k 5 2.3 1.0 1.2 0.04
Fukuoka, Japan!®’ A R 5 7.5 0.59 0.15 0.11 0.01
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J2= TOURH R 56 1 R R i fe K, S (0 R TR IE 5 565 140 XN 314 K, iR AR IR — B 7E K, it — &g E
JR TG 52 % B AR B K T R 52 0 , Berndtsson 551 78 H A< FHICHLER B+ HEAG € T IR 2 4R ()= T, & L% Fh
I 5 A B TR B R B . Beck 2515 FESREE R T 5 PR N T A= sk , DA R SR 602 A 5 J2 0
FEER U P AE ST, R BN IR A AN I Bh A 3 4 € = TR RN AR K I, Hathaway 551" BF 58 T 4% €5 )2 T4
- g A HILHE AT A 8 L (R AR T 7K BT A S e, i IR AL AT L4810 R s 7K rb R0t e J32 10 v AR T A e 3 DG
F A HLHENE Lo 8wy, K i R Bty o PRI SR BRSO S A0 S 0T T 2% R AR /K Jo
B SCHEL, RIS, S (03 T2 P AR it i) OB VR B B , P B S5 Y IR AR O &R

T AU 2 5 el e (5 o TRUAR Y /K o ) Ei B PR 3R, PR B (0 J= T ) ) A A AR [] ( R BRI BR A1 ) | 2%
AR TR BT A R 22 0] AR I T AR %) o €25 o 7K i AR AU 9 S 2552, AL 6 A BEASCR B B
FHEAE I . EARVE IS A DL R B IR TR R LA K+ 3 22 FLE i 47 45 5 ) 454 T 32 SR B TE Al
PIHE 2T 1S UE MR W5, — UK, SORB AR Y R4k (02 TV A 26 80 (B3 E A T A
RS S SR R Ay v T G T b XA LA, B ST 4 S k€ R TOURE A B AR T B Al
Poxb e o 2 AL RCR 19 DTk B 20 1 R 25 il TR AL T A K R IR S SRR 2 AR (AR
JR TR B R AR K BTOL TR AERKZE | i TAEM N 8 TR 2R 5 R b | SRR AUk BB RO T B £
JR T R A A A 22 (| 2) 2
3.2 SRR J K B Py I 22

BE 2 €5, )32 10 A7 I R) A A4 | Pl T 7K 2 A A A 1 D A € 2 T Joi 2 R 3% TR 48 Tk /K B e W
REA FTAEAL . Getter %52 BF5T T 4R ()2 T + 4 th A7 WL & Rt Btz 1T o] (9 2 4k, 45 5 R B, 4 (2R TS 1T 5a
G TR AEYR SR 2% 53] T 4% . Schrader A Bﬁning:%: T ) pF o 2 BT, 5 e AR I ) 4k 0 )z
T L, St sk R T LI A L & & SRS BRI, h T a @R T JUZE L TN AR TK A B2
SN0 Bk (0 ) TOUAR S (3G A 2 210 43 (U T B 5 RS B R AR K T I A% . Van 551 ZE N K
ZRZ MR GHARTUETT 1a J5 , BWARR A BR8] B & B AIK, Teemusk A1 Mander™ 7£ % 70
JE MRS T 2 68 2 TR R A2 T 7K BT ) A8 A IR O, A5 R R 1L, e B )= T0UAR Ik pH (B ARRUE , Jo il A R AR VA B2 O
AP T AT B[] SE A RV PR AT, AR R BE B PR T R R R AR A | 22 R a3 X 5 AL i i
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