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Effluent Quality of Extensive Green Roofs with
Different Substrates
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Engineering Co. Ltd., Shanghai 200010, China)

Abstract. Effluent qualities of pilot-scale green roof facilities
with different substrate compositions were evaluated and
compared with runoff qualities of an asphalt roofing, the blank
control roof and rain water for total 20 rainfall events. The
results show that the concentration of TP, NH;*-N and COD
in effluent of the facility using commercial green roof medium
are 0.95, 1. 66 and 115 mg « L', respectively, which are
higher than those of runoff from asphalt roofing and control
facility effluent. The effluent quality of the experiment
facility using light inorganic medium and the cheap medium
made of brick scrap and sand are hetter than the effluent of

control facility. Considering runoff volume reduction effect,
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the pollution loads of different green roof facilities are not
pollution source for every monitored pollutant compared with
the load of asphalt roof and control facility, for NH,*-N load
the green roof facilities can even reduce the load of rain
water. The aboveground biomass of green roof is positively
related to the effluent quality, and the facility using
commercial green roof medium presents a better growth status
than those using media emphasizing effluent water quality.
Application of water treatment residual as component of the
medium, the leaching of P from commercial green roof
medium is significantly reduced and the growth of vegetation
is not affected.

Key words: extensive green roof; effluent quality; pollution
load; substrate composition; low impact development (LID)
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ARARAEA AR R H R BLIRAS B B SE 45 SR 1 R
=) e

S T 25N R A AR R 4 0 J2 T H R K
FRIGRE M , A B2 NS R T B TR, BB
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PRI LA AR s 0 4 £ J22 1] P9 17 R 4R (3 B

1 MREFE
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PRI, EFE 5 1 mX2 m iy PVC EHEER M

A, PVC ZIR 0. 3 m, AL 3°. FERLU
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B K, 153 B0 L AERE . %o R TR AR 4
Wil BT £ A — OF T ¥ 5 B T (asphalt
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Tab.1 Component of pilot-scale green roof substrates

e N R FR MR E/cm A B4 B R 50 WBEE/ (kg » m™3)
C1 BRI E SN 10 HEL 45% HRR L 30% HEG 10% +BERE 10% B 5% 831
n THE BN 10 KL 60% 4R R RERL 20% +iR k1 20% 679
Bl BEFR AN R 10 FEwE 40% + A RAb 40% +HiR K+ 20% 1293
Ref E{=gop::] T R B )R (25 0 BD

x2 SEVGTRVEGTSELER
Tab.2 Physic-chemical properties of
the applied substrates
BEHUERE BEE/ B PEEL/ WM NRELL/

A

NB/Y%  (geem3) (mg-kg™l)  (mg-kg 1)
H e+ 1.58 1. 40 199. 02 113. 06
Tty 75. 44 0. 42 215. 03 61. 95
#xE 61,46 0. 50 16. 42 8. 43

BlgE SN REENETSGARRT) Z
FA,AFhEE LR NP E&EF SR TR
F)(DB11/T 281—2005) MER CHER P it >
15 mg » kg ', Gf# N B . >120 mg « kg ). 7
C2 &t I A 45 KT 15 e LIk 2> 4 B2 PRIk
RUTTHLE AT T ok L R0 e R (G Bk
B FLAHER BN B KRB 1 I I RE s A e 2k
DI T I ah 1. B v A A B T weag o
RAER EER G A A Ve & TR
FHIR. Ref 25 Fx R, F LLSEAT I S2 56 5 1
TR TR T5 e 1 .

1.3 HmRESHSH

5 L BB AR i ) PR AR A 4%
FHAGEREAE H A DS BHIET Z AR
FEAE o FHZRMRK Be e O BT, [ R 45 SRS AR A .
VO KK BETE 24 b PRS2 BAS B » 245 A R BR R LA
RE SIS AGI R AR T T 4 "CORAEIN L Sl It 1) A
1 48 h. FE R e e T 2 0 ) U B i (SL3-
LAY R FE T EAE , iICFIEA 1« min ' [l
FEBE 7K 1 2R 2 2O I, S TR BR L 2K
PR T A VOB R R . I BOE T 2013 4F
10 A3, 5 B kK » B th/k 15 G My vk B 22
AtaE S5 R LTRGBS RRE AL, Rt
TR, SRR e] (2014 48 3 A= 8 A k4
FERT 0. 5 mm WIS/ 44 3, K 20 k@
JR TRt A A 3. Xt TR A L T T R
TR PR T LA B o BRSO A i [ 2 SR e 2 R S B
TR B 00 » S5 18] PE] R A 7 SR R B SRR ERIR &
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K W T 8 A AL 4% 4 B B F, TSS, COD, TP,
PO,™- P, TN, NH, - N, COD X F H & gl 2
(HACH DRP2010); &8 B F R B G B T
TR 2 (Agilent 7700) , Ml i€ JTTE MG Zn, Fe,
Mn, Cu, Ni,Cr,Cd, PbCR I FR I35 3) s AT 510
S3 i FRCK RN K M 434 7 ) CGF 4 B0 MR
7. W A A DL I A BURRAE SR = 45258 65X
S (Hitachi F4500)09,

*3 SELFIERENR
Tab.3 Limits of detection of monitored

metals {mg « L"!)

&BILE Zn Fe Mn Cu Ni Ct Cd Pb
HrIpR /
(mg+ L1

T b R R R R TE A B 10 b BEALE R 3
AL EII 100 em? RN ALY B4 ER 43, 23 BIFR
HEBCOFHME (B, iR EAEKE, ke -

—2

0.006 0,03 0.02 0.01 0.01 0,01 0,003 0.01

m
FIH Tukey ¥HEATEE 047 » 2 28 [A) B it H
KK BRZE R I B E .

2 HRRBITH

2.1 MmpERES

20 YR =R Yk L A o R 2 4 L4 PR (10, 0~
24,9 mm) 10 3%, KT (25. 0~49. 9 mm) 6 3%, BT
(50.0 mm)4 ¥ (FE 4. —BIEA T, BEUGAE
AR /N (<10, 0 mm) 35 F A4 B . 20
W= A U Y A TR S 48 T AN [ 588 B 1 T 7K
T W 45 SR B AR,

2.2 MMt SE N,P & COD iR &

20 37 & A5 HH W A4 A0 ek R S S TR R LK B Y
WA FEFR ST SR A E R (@ D, UiE
FEE A RZERKM TN B35 F& 562 mi L
K Bezs X B4, CL /K 5 REFN (RO NHL TN i
SEH R (1. 66, 1. 13 mg « L71) B 25 F HAib
WL, CL1 diKH TP PR MR EE (1. 03 mg »
L™ &, BE & T HAMAN B A HF R 1
Bl & i TP i V-3 R MR B 5 T 25 E X
AR K TUEREAER. BTA &EHKF
COD - it v 5 2 X BB 41, Horp C1 et B 2
& T 11 F1 Bl £ W kst, i di 7k COD 248
FhaE . B2 R FHEEREEE LA, % T AN IR

JRA KA A, SBT3 L
Hi COD & #715;. i#lid = EFOE I 5 P
ALY FEZ N RRA Y EIATR. FHIRE T
S0 T 25 O T R AR R R B O
COD ¥R B,

x4 FiRERNEGHERTHE

Tab.4 Characteristics of investigated rain events

T 5 s S S TER=N

1 2014—03-12 951 191 20.4
2 2014-03-29 689 20 13.8
3 2014-04-11 1181 86 47.0
4 2014—04-19 1146 40 18.0
5 2014-04-21 1454 25 19.4
6 2014—-04-25 2 452 87 50. 8
7 2014—05-13 675 51 14. 2
8 2014—05-19 1579 18 17.7
9 2014-06-01 1941 131 52.2
10 2014-06-21 1228 88 49.0
11 2014—06—-25 2726 83 107.9
12 2014—07-01 1 640 26 22.3
13 2014-07-12 1 240 26 56.9
14 2014-07-15 518 44 81.3
15 2014—-07-31 2 364 94 28.9
16 2014-08-17 959 40 22.4
17 2014-08-18 3 260 21 109.3
18 2014—08-24 759 31 34.0
19 2014—08-29 297 29 9.8
20 2014-08-31 1096 51 89. 2

2.3 &EWMRE 1SS RERE

A WS8R Zn, Fe, Mn, Cu, Ni, Cr,Cd, Pb
SMERITER P, A& S = B b T A AR DU )
Zn,Fe,Mn,Pb . B 2 KW, & LRIHE L F TSS
MERBTRTVTHEERERZERTHER@D AR
KEUKH D& JBITR MEWEM TSS EKE 2
Pl—E M IEA G, R IR A ER T E
i, KGRI RZU R T ASEARBST
TSS BiEWKREE. 1iE B MA77E T Ul R, m HATTE
H S22, 22 MK sh kil J5 , 7 42 K& TSS 3t
ARHERR, R8T &R TR RRIRERR.
2.4 EYMEKRASHRKRHXE

SEU IR BT RORE R AT AN THER. 2 2014 4F
8 H 3 Fi A [ A 15 i A A B T8 o R A B 90 %6 LA
b B, SRR R E ST, TR AL, R
i 20 em. 4 A2 7 A N&ANE—RAEY A K
B EE) , FHE ILE 5. 441 C1L, 11, Bl RFEAEY
bR AE Yy AR I E R R R
RUFE ZINEAEE. ClL BN P AR S &
BEERMEEE, RIE T AR SRR, B



E11H Es

H %5 - A )0 TP EL S ML TR 6 £ 28 T o T A 7K BT 1725

AWHEH T TP V3R BREE 1 mg « L7000
B NH, =N -3 i & ¥ 3 5 F ik, 11 F1 B1 %
it K B 7 3R W R B AR AR BR TR 5 [ AR 1Y
COD 411, HoAth 46 0 A4 7K S5 48 AR 45 A (b R K 3R B
JEEARE)(GB 3838—2002) TV 2 /K &b 7 , 485 F AH
o7 SFURE B R 66 R TR S 4 5 ) RS A2 4R 7K (AR Y T R 35 L.
A2 11, Bl Wi ME S KR 2E, M EEHEE 4P
W AP IE H AR A R AR IE

il e
T6f é;‘gﬁjﬁ
SO BAME
o o SPHE
= 4r
g b
< of . bc %C c

<
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]
T
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{To 15

NIRRT S B

W (=)
T 1

ab

P(NH,~N)/(mg - L")
[\*] ) N

T
;Er
o=
5
o=
ol

R Ref ClI 11 BI

iyt
2501
<= 200
|
o0 L
5 150 a
8 100 be b be
2
& S0t cd
&
0 1 1 1 J
AR R Ref Cl1 11 Bl
it

HEPRAAFRNE FRERSHRZEF B2 (P<0. 05) 45
AHFE/NEFEFRARNEZERF AL E (P>0.05).
El1 ®igHERBEYN,PECODRERE
Fig.1 Statistical concentrations of N, P and COD of
evaluated water samples

400

300} %q:m%ﬁ
25%

B/ME

o SPHE

P(TSS)/(mg - L™
[\*)
S

pPFe)/(mg - L7

(P (Mn), p(Zn),p (Pb))(mg - L")

AR R Ref CI_ 1l Bl
2 BEEEBAHRPEEYWRE TSS RERE
Fig.2 Statistical concentrations of metals

and TSS of evaluated samples

C2 BLETE C1 v B AIN T 4K 1598 A%
AR T RIRGRALA B P kIR, BRIngh K 5l xt
thyK TP Bt 40% , PO, =P KB 60 %0. i
FEBERORDL, RAB B EZR. K] 50X P
WK (45 1 BB 0 7E AR T B BOR sh B @ B I L i
TES AR A B ESING /K )15 U8 R R B 350
AR P AR, BRI IE R £ K.

x5 REERON EBEMESHIRAKRIER

Tab.5 Comparison of aboveground biomass and effluent

quality of different facilities

b H I ERY B
M R/ JAEMWRE/(mg« L1
(kgem™ "~ NH,~N TN PO,~P TP
Cl1 4.03 1. 66 2.81  0.28 0.95
C2 4,00 1.20 2.67  0.12 0.49
I 2. 46 L1 1.26  0.02 0.17
Bl 3.16 0.74 144  0.05 0. 26

2.5 BRELEAFENRE

(0 R TH U A 75 B R 4 T ROR , A A K
BT K B GO G A A, X B3 R R R
T AR R S 1 0L 2 (U 75 = T R %) R A5 e ) TR
BB AR, 2 8B GB50400—2006 B 0. 9)) 5 X Bi
e T 4 ¥ e W ST 380 S A A B R R R AR
L2 SR NGB & WX QAR o 0 6] ¥5 G M i R B £
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fif GR 6). 02 1 B W B B K = R
RS IE], C2, 11, BL 12X B 7K B R Y B s 2R
S8 65.4%,68. 8%,65. 4%. C1 F1 C2 ¥k &
BB ERHZE , C2 Witk AR LBk P okt B3R, 7K T
PE T CLBCF SUNHE C2 B 12 3 51 fir 48 1l 3
WX HZS [, C2, 11, B 8 ix) NH, N, TN,
TP, TSS, COD i far #5176 1R 47 A Il vk VE A, 38 NH, ™~
N i F&EZERED THRAKAE S A A E R,
S 00 J2 AT Yo 755 5% 0 o o Ay 1) D R A R B A
(NH, =N &b, BTG A B R, A SO R
() 3 SRR GR (0 2 TR 3 AN R R o i 5 G

*k6 FEREEJHEEE.EMEITRIZE
FTEFLYRRESE
Tab.6 Pollution loads of green roofs, asphalt roofing,

rain water and the reference

FEAT/ (g m™ D

e NH,™=N TN TP TSS COD
C2 0.38 0.61 0.12  2.64 22. 50
I 0.23 0.25  0.04 2.24 14. 83
Bl 0.16 0.30 0.07  2.60 14. 48

AR 0. 30 3.23  0.51 62,53 39.77
R 0. 99 .15 0.06

Ref 0. 68 .29 0.13  55.40 31. 89

3 #ig

(DR TSR LE &4 Ji i gk 2 1 10
i, TP, NH, =N # COD W R # R E & T X =
T, EH TR B 435k 0. 95,1. 66,115 mg » L7
i FTEHLE A A BRIt S K B R 47, B COD 4b
HAAS MR AR I FF & K VKb R R
YA FH A 5 AR G HE K B R A, T B4 B is g

(2) Ay 5 J= T AN X BE 22 TR A48 W T e 0 B B it
TR LR R, F AR E R EE A TN,
TP, TSS,COD E‘JE‘Q%#E, %"&ﬁﬁtﬂﬂ( NH4+‘N ﬁz\'
oL B LY T B Y ok 1 1 e R K.

(3D TEF Bl Wi v5 Yo £ A 1 A B A ik i
FUET , S LR WM SRR TR R S
W 2 . AN R BRI A B2 A KRB S
e H 37 °8 77 0 B vk BE 2 0B A 64, R T4 4k
BEENFERMEEERTERYRS 'R, AT
MK 5IRBESA I H P kKIS, A
MR e R K.
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