Wetland systems to support quality protection
and restoration in urban waterways
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Background of research work

Drivers of urban rivers pollution in China

Population growth,
urbanization, economic
development

Inadequate urban sewerage

infrastructure

Discharge of municipal and
industrial wastewater without
sufficient treatment

Climate change
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Background of research work

Natural treatment of water and wastewater

Benefits of integration of NWTS within
the urban environment:

- promote sanitation

- increase the amount of green spaces
- enhance the quality of living




fFRE=
Background of research work

Wetlands for water and wastewater treatment
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Background of research work

Wetlands for water and wastewater treatment

* Gather experience in adopting optimal system
configurations, operation parameters, and seasonal changes
of performance for the polluted urban rivers in China
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TN, NH;-N (mg/L)
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® 07K/ {CAI A L Bt py RIS Project for applying CWs for river
water quality improvement

. ‘ A LIEIETTHS
s—PiER - A LimrRial S : 8000m?
1st Stage: Pilot study. Hybrid CW system, Total area:
8000m?

— I . . by N = sé
sz . REATEIEIS f%'*ﬁl'gﬂ:fﬁ
endiStageatargeletvisysten FWS system, Total area: 67 ha




RIS Outline

o AT R 5ZYnKAbE

river water treatment
O

17, Pilot CWs for polluted




ATt saaK e I

Pilot CWs for polluted river water treatment

o = }ETEE% Outline of the pllot CW system
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Pilot CWs for polluted river water treatment

® I ZKFMEE Outline of the pilot CW system

Average
Cw System flow Length>Width>Height Filter
series | configuration rate (M>m>m) media

(m*/d)
SSF 65 34>00>0.8 Gravel
SSF+FWS 65 17>20>0.8 Slag
40>20>0.6 sand
SSF+FWS 65 34>00>0.8 Gravel ,
40>20>0.6 sand o Intake
SSF+FWS 65 17>20>0.8 Gravel
69>20>0.6 sand
FWS+FWS 90 45>00>0.6 sand

45>20>0.6 Sand \ L Site'o fice
Total | TR evated tank
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Pilot CWs for polluted river water treatment

® hi{ ZSGHEEE Outline of the pilot CW system

BMRAE 00 1. | EPERERERERERS

CWs with growing plants
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Pilot CWs for polluted river water treatment

O Eﬂiﬂggﬁﬁgiﬁiiﬂdﬁ'—% Plants in the pilot CWs

it

Phragmites australis

2558 Typha orientalis =]
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Pilot CWs for polluted river water treatment

o X% “?% iIot CWs in different seasons
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Pilot CWs for polluted river water treatment

5ﬂ¢@£B‘EE’],U\1Z|KIjJ ¥ Pollutants removal
m“--m--

Influent mg/L 294.2 296.6 92.4 28.6 38.9
2013|1Zi’82013 Effluent mg/L 22.8 77.8 6.5 10.8 15.7 1.0
Removal % 92.3 73.8 93.0 62.2 59.6 72.2
Influent mg/L 87.2 176.1 44.6 13.2 21.3 2.2
201%;92016 Effluent mg/L 15.7 55.0 5.7 3.8 8.1 0.8
Removal % 82.0 68.8 87.2 71.2 62.0 63.6
— R AHEIKFRIE Class I-A 10 50 10 5 15 0.5
—2% BHEZKANEE Class I-B 20 60 20 8 20 1.0

O F=FR97KKEERBI=EFE 7 AKBIE Influent quality got better since 2014
O ;B AK AR T —BHE/KFR/E Treated water quality can meet Class 1-B
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Pilot CWs for polluted river water treatment

o AELEHERFIBITHRULLER Pollutants removal in different series

S & M2 ; %2 oo
AZ5iE i Rih= SIS ST EBRER Average removal (%)

Utrban Pump with 7—1% B }Aﬁﬁ
stream coarse screen
i ZE[a)EN

[ o) MR ERIRY
96.3 959 96.7 96.2
A SSF >
d T COD 80.7 80 79.7 798 76.1
L)[SSF FWS S Urban
@ BOD 919 954 96.7 96.2 93.9
Cc 1 X stream
4>| SSF FWS §—>
o | = TN 291 | 56,6 65.2 68.8 | 73.2
4)|SSF FWS NI
i | & NHs-N | 173 | 581 702 721 | 787
4)| FWS FWS >
‘ TP 513 | 72.8 795 795 | 76.9
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Pilot CWs for polluted river water treatment

® iiﬁ*ﬂlglﬁ;ﬂzﬂﬂgiﬁtlﬁfi Comparison of FWS and SSF cells

B Influent mSSF m FWS

400 50
(b)
3 300 | 40 1
(@)
30 |

£ 200 |
(&) 20 R
S 100 |
@ 10 F

0 0

SS COD BOD NH;-N TN TP

O RAEHEFWS : BFF 524K SERYZERR Favors nitrogen removal
O EmEHESSF : BRF 5K EH¥IFNAYZP& Favors organic and P removal
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Pilot CWs for polluted river water treatment

» ﬁﬁ%ﬁfﬁEiﬁXﬁ,ﬁfﬁi@ﬂﬂﬂ]?&ﬂgEﬂ% Effect of FWS pretreatment

on SSF cell
_ 250
= B Influent B First stage B Second stage @ Third stage
o)
c 200
SSF FWS |—»
—{ j S 150
l Modified o
= 100
3
—)[FWS SSF FWS ]—> g 50
@)
1st  2nd 3rd
o)

COD BOD5 SS

O o &IETE—RFWSKISSFIBYYIRIZEBRIER Significant removal of COD.
BOD and SS in the first FWS cell
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Pilot CWs for polluted river water treatment

® B ERMETTNE M EHEINAAYMEE Effect of FWS pretreatment

on SSF cell 20
- ®
o 24 r
S
—>[ SSF FWS ]-» ~ .
Qo
l Modified § 12
5
(&)
—)[FWS sse|| Fws ]—> s 6 o5 0%
1st 2nd 3rd © 0
N NH,-N TP
O BYURH ¥ £ = SSFRIRREAER{ER Significant removal of TN and NH;5-N in

the SSF cell
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Pilot CWs for polluted river water treatment

® RGO *DWF}E{’Ejﬂfﬁiﬂ’, : Eﬁgtbtﬁ Comparison of gravel and slag as

substrates

XFFMH FRA R =FH S ERFIITIRL

Two SSF cells in the first three years
400.0 60.0 4.0
® Influent mSlag = Gravel

45.0 3.0

30.0 2.0

15.0 - 1.0
COD BOD TN NH3

0.0 0.0

TP

O JFEE TS SRV B A BEIFHIAPRSER Considerably higher removal
of pollutants by the CW with slug as substrate
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Pilot CWs for polluted river water treatment

® RGO *D‘l’)jfé{"ﬁjﬂ;ﬁiﬂ’, : Eﬁgtbtﬁ Comparison of gravel and slag as

substrates

XEEM FRA IR =R EBRFITHRE
Two SSF cells in the second three years

200.0 40.0 4.0
m Influent mSlag = Gravel

30.0 3.0

20.0 2.0
COD BOD TN NH3

Concentration (mg/L)
S
o

0.0 0.0

TP
O =F 272 ERE XSS I EFRIERIBE TF , Mk 2t
IMHELE Opposite tendency was seen in the second three years
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Pilot CWs for polluted river water treatment

31‘5’—%*431‘55’\]1? 5 Plant action in FWS cells

S EMPZ R EMMEGAYIKE Plants growth after plantation

mmm Typha

TN v 1=

mmm Phragmites T (b)

w

YR
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First year Second year Third year Fourth year Firstyear Second year Thirdyear Fourth year
O E=x=BEAaEAEEAVIKE Phragmites grow faster than Typha
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Pilot CWs for polluted river water treatment

® i‘%zmmilﬂﬂdﬁ%ﬁl]dﬁﬁ’\ﬂ’ﬁ

= N W b
o O O O

N Content (mg/g)

o

150

N
o

(o]
o

plants (g/m?) ,
3

w
o

N accumulatedin the

o

4 Plant action in FWS cells

C@ mTypha  ® Phragmites 5
- E (=)
EYENE é: 4
. =3
S
22
S
a1
0
_ o 15
© B{VEFIENIRN = £
£ 2
<&
g 29
=<
Es®
o o
s 3
(ol
0

First year Second year Third year Fourth year

o EEPE

O B EFRPIR S

First year Second year Third year Fourth year

O fB8YIX =
FBRHYIK
W ETET

A

SR

Increasing

N and P

uptakes in
four years




ALE

ATl e L s

Pilot CWs for polluted river water treatment
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Effect of plant harvest and management
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Pilot CWs for polluted river water treatment

DI B EIETEAY{EFH Effect of plant harvest and management
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Plant height (m)
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Pilot CWs for polluted river water treatment

o EHIEMIWEIETE

HHY{EFR Effect of plant harvest and management

WIS RSBV RIS/ Harvest management and plant growth

4

4
(@ mHarvested CW mUnharvested CW —~ (b) (c)
S | o
3 ?2 240 g 3 |
S <z
(@] =
> 180 0
2 2 8 2 r
0 e
S 120 o
© o]
1 = > 1 |
& 60 a
o
0 T T T T T 0 . . . . . 0 T T T T T
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Year Year Year

O W EISEBXIBYIEEEImER/N Harvest affects little on plant height
O Y E BB EY SR VI FEAEAIXEFATE Plant mass stabilized after 4 yr.

O WEIE e iEYIE

IAZFRIKERIBAY3{Z Three time difference in dry biomass
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Pilot CWs for polluted river water treatment

Effect of plant harvest and management

(b)

L

2011 2012 2013 2014 2015 2016

mHarvested CW OUnharvested CW

(d)

2011 2012 2013 2014 2015 2016
Year

Emm Harvested CW
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N and P uptake
relates closely

with plant
biomass
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Pilot CWs for polluted river water treatment

HHNEFR Effect of plant harvest and management

W Proteobacteria B Elusimicrobia /L

O Bacteroidetes B Thaumarchasota D LIQE'IJ -m N Eﬁ{n&/- #ﬂ]
O Acidobacteria B FParcubacteria o

B Firmicutes B PFacearchaeota ,_‘_ 7 i _‘_ =
B Flanctomycetes B Foesearchaeota D 1- m

O Actinobacteria B Aminicenantes

B Chloroflexi B Spirochastes $I

B unclassified B Euryarchasota

B Terrucomicrobia B Cyanobacteria

B Gemmatimonaderes B candidate division WES-2 T h b I

B candidate division WPS—1 B Deinococcus—Thermus e m I C ro I a

B Ignavibacteriae B Lentisphaerae b d d

B Nitrospirae B Synergistetes a u n a n Ce a n

B Hvdrogenedentes B 5RI . . .

B _drmatimonadetes B Chrysiogenates d Ive rs Ity I n h a rve Sted
B Latescibacteria B Omnitrophica .

O Crenarchaeota O Fusebacteria CW h h h

B Chlamydiae B Chilorobi S We re I g e r t a n
B BRCI B Cloacimonetes

B Microgenomates B Caldizerica th e u n h a rve Ste d CWS

O Candidatus Saccharibacteria B Afribacteria

I e e
num | num | index index | index

35436 3717 6.57 6.50E-03 5250.48 4979.58 0.96
31252 3336  6.01 002  5006.72 478151  0.96
S 29316 3654 676  4.30E-03 5119.69 4941.36  0.95

28559 3219 573 003 661362 516537  0.95
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Large CW system for polluted river water treatment

® ;BB\ E[E Location map
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Large CW system for polluted river water treatment

OWR
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Large CW system for polluted r|ver water treatment
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Large CW system for polluted river water treatment
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Large CW system for poIIuted rlver water treatment

OWR

® APMEWER Treatment results

I EIEIE RIS

HKFESE

influent (mg/L) 208.0 59.0 195.3
QIEIKIS(E
Effluent (me/L) 61.2 16.1 14.2 12.4 7.6 1.06
Nz S ?Z(
PR 70.6 72.8 92.7 43.3 46.8 40.6

Removal (%)
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515 Concluding Remarks

lllustration of how Nature-based Solutions, with Specific reference to
Constructed Wetlands, can be used as a part of an integrated approach
to achieving regional water. quality Improvements

EXperiences have been gained through this project but it Is seen that
more work needs to be done to embed Constructed Wetlands as
Sstandard practice In securing water quality of urban waterways







