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@ 20
“Twenty Years Experience with Constructed Wetland Systems in Denmark — What did we
learn?” Dr H.Brix

1983

Figure 1.

 Outlet

Figure 1. Typical arrangement of a Danish reed bed constructed according to the root-zone
concept. 1. Sedimentation tank; 2. Stone-filled inlet distribution trench; 3. The common
reed, Pliragmires australis; 4. Stone-filled outlet collection trench; 5: Outlet regulation well,
From Brix (1987b).
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Figure 2, Number of reed beds constructed per year and number of systems that has been
closed down per year in Denmark in the period 1983-2006.
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Figure 4. Inlet and outlet water quality of a 4100 m” soil-based constructed wetland system
treating combined sewage from a 700 PE village. An aerated fixed-film nitrification unit
was added as a post-treatment step at the systems in 1994,

Figure 5.
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WELL WITH DOSING
EQUIFMENT

RECIRCULATION L —

Figure 5. Compact vertical flow constructed wetland system with recirculation and a
dosing system in the sedimentation tank for removal of phosphorus.
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“Constructed Wetlands for Wastewater Treatment in Portugal: A Global Review”

Ms.C.Canseiro
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Figure 1. Size distribuion of full-scale constructed wetlands in Poriugal
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“A Closer Look to the Constructed Wetland Applications in the Mediterranean Basin”

Dr.E.A.Korkusuz

2000PE

EU

( 2000PE)

Table 1. Distrlnstion aind perecntage of the studies on CWs wsed for several purposes

Type of Treated Wastewater in ) S §
Constructed Wetlands Nuomber of Studies Percentagze (%)

Mumicipal, Domestie (IVWW) 242 3h0
Leachate (L) 23 351
Acad Mine Dininage (A NIR 7 4.1
Surfaee: Hunofl (51E) 1L [
Sludge Diewatering (81 23 35l
Endusirial (Ty 63 el
HL‘:\-'ll.lf'-:llil."'Jl.{I-ﬂlJ HL‘I:IEI'.'!I.“[EI[I.I.II:I. 38 54
Prevention of Eutroplication (ER)

Agro-Tichustrial [ A) 53 g.a]
Rewiows, Buggestions, Design Criteria (1) LE4 174

Table 1. Total Number of Reviewed CW
Studies 656 100.00

Refereaves: Water Netence and Teclmadogny, Vol 353030 PWT. Vol 4003 1998 Wal b 11-12) 2001 Vol

AR 2003 Procesdings of 7 Bternational Cenpferenee o Wethmid Sistems for Water Pollution

Camirad, Flovida, 2000, Proceedings of she Sl Toternationad Conference on Werland Sestems for Water

Pafliwtions Conwald, Armishe, Tanzaua, 20020 Procesdings: TIFA P Bererscrional © “ovfEresee v Wetland
Table 2. Svstenes Avigeaa, Fravoe, 2004

Table 2. Dhstribution of the studies on CWs wsed for several purposes in
Mediterrancan couniries | 195-2004 )

Couniries DWW L. AMD SR SL 1 ERR A 14 TOTAL
Partugal 1 - b - - - - 2 3 k]
Spain 1o - - - 1 I 1 1 i 17
France Iz 1 b - 2 I - 7 ] i3
Italy [} 1 b 1 [ 1 2 1 28
Slovenia 1 1 - - 3 k]
Croatia 1 - - - - 1
Cireece 2 - 1 3
Turkey [ - - 1 - - 1 k]
lazael k] - 1 i
Palestine 1 - - - 1 - - 2
Aorocco 3 - - - - - ] 4
Eawpt 3 - - - , - - . . 3
TOTAL 56 3 [ 2 4 11 4 14 18 118

References: Water Seience ad Tecmology, Vold S5730 19097 Padt G20 I900 Podr daf 13020 2000 Vad
f8¢3) 2003 Proceedings of Toh Dwernational Conference on Wetlad Svsfems for Water Poliurion
Comirad, Flovida, 2000 Proceedings of the Bl Tnternatonad Conference on Werland Svstems jfor [Water
Follution Controd, Arsho, Tansasia, 20602 Proceedings: T S bnernationad Conference an Wenland Systens
Avigrmmn, Framce, 00
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Table 3.

Table 3. Sunmary of the 55F CW Design Criterin used in most of the bMedileranean countries

Primary Treaimeni

Primary Sedimentation  Basin, Scpiic Tank, ImholT tank,
Screenhars

Population served PE 1-1590)
Discharze (m”.d™) 00810
Area (m’) 1- 1000
L:W raiio I:1 1o 28:1
Depih of Fill Media 013-13m

Type of Fill Media

[niTerent sizes, portion and composiion of peat, soil, sand,
gravel, hght expanded clay aggregates, mdustrial wastes hke

_ slag
Slope of the Bed (-2%
High or Low Density Polvethylene (HDPE, LDPEY with a
Liner thickncss
of 1-2-3 mm, Reinforced Poli-Dlefime (POL), concreie blocks,
bentonitz, hollow blocks. compacted soil and'or clay
HRT (d) (11k5-14 davs for S5F

HLR (m.d ™)

O 0.2 md™ Comited Now measurements are avallable)

Organic Loading Rate

6.7-60 g BODs cap . 89 g BODam ™’
20g CODcap d ;5670 g CODm”.d’

Waler Tcmpcl'uluw

Influent: 12-27 6 °C: EfMuent: 12-182°C

Macrophyies

Emerpent; Cavna ssp., Cvperuy ssp., Tvpiia ssp., Phracmines
ssp.. Jurons ssp., Pogoece ssp.. Paspodiee ssp. and s ssp,
Submerped: Flodea ssp., Ereria ssp,

Floating: Pistia ssp., Safving ssp. and Lemna ssp., Alodea spp..
Fichornia crassipes; Hyarocodvle spp., Salvinia spp.

Plani densiiy

during plantation: 4-15 shoots'm”, afler establishment: ~80
shoos /m”

Evapoiranspiration rate

2-38 mum/day

2005

http://www.med-reunet.com/
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2.3

2003 2006
Subsurface flow

Subsurface flow

@
PILOT STUDY ON SUBSURFACE FLOW REED BED SYSTEM USING ANDO SOIL
@
©)
What is Ando soil?
Subsurface Flow Reed Bed System
@10mm 9
3 30m 0.6m 02m/d 06m/d 1.2m/d
Permeability
2003 9 0.6m/d
0.6m/d

0.2m/d 0.02m/d
Nutrients Removal Rate
02m/d T-N8% T-P95  06md T-N58  TP82
1.87mglg
T-P 0.3mg/L 10
Conclusion

2-8
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PILOT STUDY ON SUBSURFACE FLOW
REED BED SYSTEM USING ANDO SOIL

Kazuaki Sato*®, Tohru Abe®, Fujio Kojima* and Hidenori Zeniya ™
*Foundation of River and Watershed Environment Management, Japan
** W asumigaura River Office, Ministry of Land, Infrastructure and Transport, Japan

What is Ando soil?
Ando soil (Kuroboku soil) is a kind of cohesive soil that contains some amount
of hurmus and the color is black.  The onigin of this soil is volcanic ash and fairly
cormmon in Japan.
Pilot Study was carried out to reveal performances of a subsurfce flow reed bed

Subsurface Flow Reed Bed System

Demonstration study was camied ot at a pilot reed bed plant where pollued
river waber was treated ot the river mouth of Lake Kassmigonng.

Subsurface flow treatment was examined 10 compare four (ypes of media,
Ando soil, paddy soil, gravel (10mm) ind artificial fiber. Nine experimental trains
(each 3m 30mX0.6m depth) were armnged for these different media with
different treatment flow mges (0.2mid, Dubmd, 1 2mid)

Im
Grawel {10mm) Ariificia fher

Permeabi | ity
“The study started in September 2003, and it was revealed by now that the Ando soil has not so much permeability problem under 0,6 rvid fow rate alie
for the gravel mediom. We sometimes mist drain the Ando soil train o keep good permeability under 0.6mid fow mle.
The permeahility of the paddy soil s bad; the fow e was changed to 0.02m/d from 02m/d

Wler depth |am) Fiem rainll 5] Walwr desth (=) =
B LS ’
i Waler g - | Desfowgale [ | Wale el i
W | 3 e | i IR 11— be
e T4 bwrals ' n L% 'l . lI|I r || Drgirz o frmin w
o8 aiath. J' - [ s -: —_ .:.J'ill‘\'-:‘.‘i1 _L '-.-.'..:r'... =
' e CARpRRE b s—— o E—
R *&g.‘.:'ﬁ:-&:'{:._{;:ﬂ- iy by R i\ 19
i — _ L o '
B0 S W 4 M M 2 8 mnad M Mg s Rdmo " YN 1 MM 4 8 &
HED o Jmn one i B

Nutrients Removal Rate
The Ando soil trains showed better nutrients rermoval mies of 899 T-M, 95% T-P under 0.2md flow mate and 58% T-N, 829 T-P under 0.6 m'd flow
rate compared o those for the gravel trains,
Based on the phosphorus absorption capacity of 1.37mgp'p evaluated by table test for the Ando soil, ten years treatment dumtion was calculated under
the flow i of 0.6 mid and the 0.3 mg/L. T-P concentration of the river watcr

0 Arsic Bl (23m ) = Aede Tl e —&- Ay BB 0 Tm ] o Bty Sali ] pm/')

- r - e
e = TR '|m-..'llﬂﬂf| ':?TI. ";.FFI:'.' .E.H' ."'ll'
- 1 Eu'; .

- "'-_"nl ™

E. E Bl | % ﬂl -

5 =1 wr
L] ,"i o

-

- I

- w

I | 1

L] L]
= o frr 8 W e I R e R i

Conclusion
In Japan, we must reduce nutrients o improve the wister quality in lakes. We found that the Ando soil & quite suitable for the medin of subsurface flow
reed bed system from the point of its pood permeahility and its high phosphorus absorption capacity.

Mailing address:  Foundiation of River and Watershed Envirooment Management,
115 Wihonbashi-kodenmacho, Chuc-koa, Tiokop 1030001 Japan

TEL: +81-3-5847-8306

FAN: +81-3-5847-8310

E-mail:  siodikpsenonip
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3.1 Anobra CW
Coimbra Anobra CW Constructed Wetland
CCDR-C Braga Nelson

23,668km’ 88,797km* /4

1,710,380

9,474,070 18%
723 km? 106.7
km? 30%

*CCDR-C  Comissao de Coordenagao e Desenvolvimento
Regional do Centro, EU 3-1

(1) Anobra
Anobra 2002

Aguas de Mondego

CW 1998
CCDR-C
500 (Imhofftank ) 500
(Septic tank)
Anobra 3-2
1 CW
----------- |
|
1
3-2 Anobra CW
ok Karl Imhoff(1876-1965)
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60m°/year

Ccw Horizontal flow
23m><70m><60cm
1 1 2m?
cw
3 m?
cw

Sub surface flow
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CwW

20



CW

3) CW
10 CW
EU 25% T5%EU 2006
2004 30 89Wetland 2006 41 195Wetland

3-3 CW (1997, 2000, 2004, 2006 )-
CwW
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CW 1996 1998 100 2000

25 Ccw 1000

Cw

COD 40mg/l BOD 25mg/l SS 30mgll

CW

CCDR-C CW

3-10 Nelson Braga
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3.2 Alcochete Barroca D’Alva
(€H)

10™ International Conference on Wetland Systems for Water Pollution Control 10

Barroca D’Alva Alcochete
2006 9 29

Portugal Alcochete

LA

20km
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Barroca D’ Alva

75m®/

1501/

500

5mg/I

5mg/I

3mg/l

10

2001

3-5

21m 4

21m

1.35m 3

9.7m

5.3m

70cm

HSF CW

3-5
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3.3 Beja Sado
@

10™ International Conference on Wetland Systems for Water Pollution Control 10

Sado Beja
2006 9 29
Portugal Baja

=
=
=
s
0
0
-

3-7 (Baja 1.5km)
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@

Sado
3,207m*/
BOD 411mg/l TSS 615mg/l
BOD 25mg/I CODc125mg/I
2mg/I 15mg/I
1993 2013
(
17.3ha

3-8 Sado

27

TSS 35mg/I

HSF CW



1.5m

20mm 30mm
0.55m 7.4m 0.6m/s
5 65m 65m 35m 1
10kw><3 15kw>=<1
DO 2mg/l
18 135m 275m 15m 1
5 80m 160m 15m 1
25m 25m 16 3-9
25m 32m 16 3-9
50m?*/h > 69mh >< 23kw 4
200 10

3-9 HSF CW
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1993 (Stabilization pond)

1998
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4.
4.1 Cemagref
Cemagref Cemagref (Agricultural and Environmental Research Institute)

(agriculture ministry) research ministry

*Cemagref http://www.cemagref.fr/ ,**Cemagref Lyon http://www.lyon.cemagref.fr/

4-1 Cemagref Lyon  A.Lienard
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4.2

@D
BOD 25mg/L
COD 125mg/L 2
TKN 10mg/L
T-P 20 1mg/L 2,000PE
200PE
@
2
Vertical Flow Constructed Wetland, VFCW  V+V
4 1 20 Cemagref
2004 VFCW
400 4-1 1990
1991 Cemagref  SINT 20
VECW
4 1
Type of Numberof Assessment Plal;i a‘:ﬁ: o)
. | E= Plant built per year = Total number of plants‘ plant plant number assessment
& 140 00 2| [ V+V 53 134 0-70 |
£ 420 f o S| V+H 2 33 12-8.0
T 1o I 300 % V+ SF 7 11 0.4-2.0
E‘ la - o o ; V 5 5 0.6 - 4-6
52 g / 200 g V+P 3 12 02-25
O 40 e 100 2| V*+V+H 1 9 Start up
B o0 J A E V+V+P 1 6 11.6 -15.0
E ok 0 B| V+H+H 2 3 0.6-2.3
2 V+H+P 2 3 1.2
,\q‘b%,\q‘é\ ,\q‘bq,@q’\@%%\q‘?’@,\q‘s\ ,9‘?’%,19‘3\09& V+P+V 1 2 1.6-8.5
V+H+V 1 1 2.6
P+V 1 9 0-1.0
P+V+V 1 3 ?
H+V+H 1 2 3.5-4.0
Figure 3: development of vertical flow CW over time V: vertical; H: horizontal; SF: sand filter; P: pond
Cemagref
4-1 VECW

32



(3 2  VFCW
2 VFCW 1 VFCW
Ccw Cemagref
1997 1998 CwW
PE 1
3 2 2
[Raw % %
: & i & t d
injet \ ' j\ 7 First layer 1¥ stage 2 stage
g P Second layer > 30 cm fine gravel > 30 cm of sand (0,25
/ ] e-8mm) | mm<d,,<0,40 mm)
Transition layer: 10 Transition layer: 10 to

Qutiet

Drainage layer

Alr connection

Drainage pipe

to 20 cm of adapted
particle size (5 20
mm)

Drainage layer: 10 to Drainage layer: 10 to
\ 4 20 cm of 20-40 mm \ 4 20 cm of 20-40 mm

20 cm of adapted
particle size (3 -10
mm)

4-2 VFCW

1.2m?/PE
SS 150g/m’/d TKN 25-30g/m*d HL 0.37m/d

0.8m?/PE

3 4
SS
2
HL
COD 300g/m*d
2

COD 120g/PE SS:60g/PE TKN 10-12g/PE 150L/PE
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SS

Cemagref

1 2
Table 2: Remnoval and outlet pollutant concentration of two stage VFCWs for Hydraulic loads < 0.75 m.d”?
COD S8 TEN
Plant age % Removal Outlet % Removal Qutlet % Removal Ouilet -
) concentration concentration concentration
" megl! mg. L me.L?
5.6 Memn(N) 01:3(48) 66£13(49) 95+2(49) 14:5(49) 85+5(49) 1315(49)
SD 10,2 45,8 5 17.5 17.1 17.5
<p Mem(N) 90£2(43) 65£15(51) 94:4(43) 156 (S1) B85+6 (43) 125(49)
sD 7.1 51 12.2 19,7 18,4 15.7
: Table 3: ouflet TKN concentmhon of two stage VECWs accerdmg to the size
Total surface area 1.5 -2 m".p.e 2 —2.5 m.p.e 2.5-3m’pe’
TKN outlet (mg.L ™) (N) 16+ 8 (28) 6 %2 (20) 5.6%3 (10)
1
Table 4; Removal and outlet poljutant concentration of the first stage of VFCW for Hydraulic load < 0.6 m.d”!
COoD S8 TRN
% Removal Outlet % Removal Outlet % Removal Outlet
concentration concentration concentration
mgL”’ mgL? mgL?

assessments - SD 10 71

520 <COD< Mean(N) 82 3 (34) 145+24(34) 893 (34) 33:7 (34) 60+6 (34) 35+7(34)
1400 (mean  SD 70 7 19 16 18
840) mg L

All Mean (N) 79:+3(54) 131+20(54) 86+3(54) 33+6(54) S8:5(54) 31£5(54)
12 19 17 17

Table 5: Removal and outlet pollutant concentration of the second stage of VECW for Hydraulic load < 0.6 m.d!

COoD 88 TEN
% Removal Outlet % Removal Qutlet % Removal Outlet
conceniration concentraticn concentration
(mg.L™) (gL (mg.L™)
All Mean (N) 56+ 12 {(44) S1x7(44) 6511044 111+3(4H ME7(34) T2 (44)
assessments SD 23 34 9 23
80<COD< Memn (N) 60 i 8 (28) 55+£8(29) T2E7(28) 11+£4 (29 T8+7 (28 6+2(29)
280 (mean SD 21 21 19 9 18 5

140) mg.L”!
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C)

CW Colomine
v 130PE
v 2 1 3 2 2
v 1 2
1
v 1
v 1 2 6mm
v

== 0-8m°/PE:
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CW Cordon

v 200PE

v 2 1 Q) 2
@)

v 1
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A SURVEY OF CONSTRUCTED WETLANDS IN JAPAN

Keigo Nakamaura*, Tomoyoshi Chiba**, Kazuaki Sato**, Yasunori Morita***,
Masaaki Hosomi**** Shigeo Tanaka*****

* River Restoration team, Public Works Research Institute, 1-6 Minami-hara
Tsukuba, 305-8516, Japan, tel: +81 298 79 6775, fax: +81 298 79 6748, email:
knakamu@pwri.go.jp

** Foundation of River & Watershed Environment Management

*** Kasumigaura Work Office, Ministry of Land, Infrastructure and Transport
**** Tokyo Univ. of Agriculture and Technology

***** Kyowa Technical Consultants Co. Ltd.

ABSTRACT

Constructed wetland (CW) generally requires large area which is limited in Japan; therefore, CW has not
been well received in Japan. Recently, CW starts to be paid attention because it works not only for
wastewater treatment but also for ecological enhancement. In Japan, CW is usually used to treat polluted
rivers or lakes, and CW influent is characterized by less polluted water, high hydraulic loading rate (HLR),
and high suspended solid (SS). In this study, a survey of CWs was carried out by reviewing available
documents, inquiring by mail, and visiting CWSs. Nine operating CWSs and 4 experimental CWs are selected.
These CWs are studied comparing 24 different parameters and operating conditions (e.g., nitrogen,
phosphorus, HLR, size, and location). All these facilities are free water surface flow wetlands (FWS).
Hydraulic retention time (HRT) of most Japanese facilities is less than 10 hours, which is considerably
shorter than those found in other countries. It is found that the nutrient removal efficiencies for total
phosphorus (T-P) and total nitrogen (T-N) increase proportionally as HRT increases. The removal
efficiencies in the facilities, where HRT is over 10 hours, are approximately 40 % for T-N and 60 % for T-P.
When the nutrient loading is low, its removal rate increases linearly with its corresponding loading rate.
When the loading rate is high, the removal rate is nearly constant. The removal rate for T-N is 0.4 gm2d™
when the loading rate exceeds 1 gm?d™, and the removal rate for T-P is 0.08 gm™d™* when the loading rate is
larger than 0.15 gm™2d™.

KEYWORDS: Constructed wetland, Japan, nitrogen, phosphorus, review

INTRODUCTION

Constructed wetland (CW) has not been well received in Japan because it demands large area that
is difficult to obtain in Japan. Therefore, information on CW case studies is scarce (e.g., [1, 2]).
CW is regarded as an ecologically sound technology which can apply to not only wastewater
treatment but also ecological enhancement. Unlike in Europe and the U.S., Japanese CW is not
used for treating wastewater (in either secondary or tertiary treatment), but started to be applied for
the remediation of polluted rivers or lakes. Therefore, CW influent contains relatively low levels of
nutrients (N, P) and rather high suspended solids (SS). Nowadays, the number of CW is increasing
in Japan, and some of them are monitored intensively. Since Japanese CW has unique characters, it
is important to conduct a survey and compile technical information which will be used to improve
its design and operation. In this report, we document the results of our survey on CW, and compare
Japanese CWs with the CWs in Europe and the U.S.

MATERIALS AND METHODS
We carried out review of available documents, inquires by mail, and site visit on various CWs or
treatment systems using macrophytes in Japan. The literature review was conducted using the
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JICST database that is the most popular academic database in Japan. Using the database, we
gathered 815 research papers concerned with CWs or the treatment systems using macrophytes.
Questionnaires were distributed to 69 organizations; of which 75% was responded including 33
operating facilities, 8 planned or under-construction facilities, and 25 experimental facilities.
Based on the literature review and inquires, 9 operating facilities and 4 experimental facilities were
selected for detailed comparison. We visited some of the sites for more detailed survey. The visited
facilities have a large store of data which allows us to evaluate the treatment efficiencies. Total 24
parameters and operating conditions (e.g., nitrogen, phosphorus, HLR, size, and location) are
examined. Table 1 summarizes the parameters and operating conditions for CWs studied. These
wetlands are identified with IDs from CW1 through CW13. CW13 is the experimental facility
operated by our group. Our facility was constructed adjacent to the Sanno River for research
purposes. Water quality of all the wetlands except CW1 was monitored for less than 6 years. The
sampling frequency ranges from 4 to 27 for each condition. In this paper, average values for each
parameter or operating condition are compared for the 24 variables.

Table 1  Outline of surveyed Constructed wetlands

Parameters T-N T-P
Name Vegetation Influent Trfelg\tﬂllng Areza Length g/ea;;: HRT HLEF!1 Influeﬁnlt Efflueﬂt Inﬂueﬁllt Efﬂue:Tt
may () cmy  (Moun) (md™) |(mgL™) (mgl™)|(mgL™) (mgl™)
1 Yasato Town Phragmites australis Domestic wastewater 38.9 1224 36.0 0.032 6.20 2.00 0.97 0.23
2 Mizumoto Park P. australis Domestic wastewater 43.2 828 90 25 1150 0.052 5.60 4.30 0.37 0.26
3 Sanno Riv. P. australis, Zizania latiforigRiver water 25000 5600 40 10 5.0 0450 | 340 230 023 014
4 Seimei Riv. P. australis River water 181440 38000 40 10 5.0 0.480 255 211 017 0.13
Operating |5 Watarase Retarding Basin|P. australis Reservoir water 216000.0 200000 - 20 44 1.080 124 0.90 0.10 0.09
6 Lake Kahokugata P.australis Lake water 103.7 1600 1000 5 185 0.065 173 1.09 0.12 0.08
7 Lake Harutori Phalaris arundinacea River water 86.4 220 22 10 6.0 0.39 2.87 254 0.07 0.03
8 Lake Harutori Phalaris arundinacea River water 86.4 198 22 10 54 044 348 338 020 010
9 Lake Harutori Phalaris arundinacea River water 259.2 569 21 10 5.2 0.46 2.68 2.05 0.04 0.02
10 Naganol P. australis River water 156.5 150 100 10 23 1.040 0.43 0.34 0.02 0.01
10 Nagano2 P. australis River water 121.7 147 98 10 29 0.830 0.43 0.29 0.02 0.01
10 Nagano3 P. australis River water 156.5 320 213 10 49 0.490 0.43 0.24 0.02 0.02
10 Nagano4 P. australis River water 121.7 320 213 10 6.3 0.380 0.43 0.23 0.02 0.02
11 Lake Kojimal P. australis Secondary effluent 60.0 360 120 30 36.0 0.170 6.60 4.20 1.10 0.40
Experiment |11 Lake Kojima2 P. australis Secondary effluent 60.0 360 120 30 36.0 0.170 5.30 1.80 0.40 0.10
12 Sanno PWRI1 P. australis River water 125 124 31 10 24.0 0.101 4.04 220 0.70 0.34
12 Sanno PWRI2 P. australis River water 9.4 62 31 10 16.0 0.152 4.04 234 0.70 031
12 Sanno PWRI3 P. australis River water 187 62 31 10 8.0 0.300 4.04 1.96 0.70 0.31
12 Sanno PWRI4 P. australis River water 374 62 31 10 4.0 0.599 3.66 3.03 051 041
12 Sanno PWRI5 P. australis River water 149.8 124 31 10 2.0 1.200 3.66 321 051 044
13 Sannol P. australis River water 259 90 30 10 8.0 0.288 310 207 0.59 0.33
our Group 13 Sanno2 P. australis River water 518 90 30 10 40 0.576 3.26 279 0.51 0.37
13 Sanno3 P. australis River water 103.7 90 30 10 20 1152 343 311 043 0.36
13 Sanno4 Zizania latiforia River water 51.8 90 30 10 4.0 0576 3.26 252 051 0.36

RESULTS AND DISCUSSION

Inquires Results
According to the results of inquires, 33 facilities use Reed or Phragmites australis, 12 facilities use
watercress, and 8 facilities plant cattail or water hyacinth. The surface areas and the design flows of
CWs are presented in Tables 2 and 3, respectively. Most of the operating facilities are larger than
the experimental facilities. A third of the operating facilities have the surface areas ranging
between 1,000 m? and 10,000 m? and 20 % of them are lese than 100 m® The areas of
experimental facilities are one tenth to one hundredth of the operating CWs. The design flows of 3
operating facilities are larger than 1 m®™, and 4 operating facilities are smaller than 0.001 m3s™.
The wetland type of all the facilities is the free water surface flow wetland (FWS), except one
which is the subsurface flow wetland (SF). Generally SF wetlands need smaller area; therefore, it
could be favorable method in Japan. In the future, the number of SF wetlands would increase in
Japan.
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Table 2 Area of Constructed Wetland

Number of Operatin Number of Experimental

Area, m’ facilit)r/) ’ facilitF;/
Over 100,000 1 1
10,000-100,000 8 1
1,000-10,000 14 3
100-1,000 9 8
<100 7 11
Unknown 0 1
Total 41 25

Table 3 Wetland Design Flow

Design Flow, m’s’ Numbe;atél;lg)r/)erating Number ?;‘Cliilﬁtr;/erimental
Over 1.000 3 0
0.100-1.000 7 2
0.010-0.100 11 1
0.001-0.010 7 6

<0.001 4 8
Unknown 9 8
Total 41 25

Detail comparison of facilities.

a. HRT vs. Removal efficiency
The removal efficiencies (%) of T-N and T-P are plotted as a function of HRT in Fig.1. The HRT is
calculated using V/Q; where V = volume of CW and Q = flow rate. The HRTSs for the most CWs are
shorter than 10 hours. The removal efficiency increases in the region where the HRT is smaller
than 10 hours. When the HRT is longer than 10 hours, the removal efficiencies of T-N and T-P are
approximately 40 % and 60 %, respectively.
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Fig.1 HRT vs. Removal efficiency.

(OF: Operating Facility, EF: Experimental Facility, OG: Our Group’s experiment)

b. HLR vs. Removal efficiency

The removal efficiencies of T-N and T-P are plotted against the corresponding hydraulic loading
rate (HLR) in Fig.2. The removal efficiency decreases as HLR increases as seen in Fig. 2. In
general, the design flow and HLR in Japan is larger than those in western countries because, in
Japan, CW is applied for the treatment of polluted natural waters, whereas it is used to treat
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wastewater or secondary effluent in western countries. In some Japanese facilities, HLRs are larger
than 0.5 md™, and removal efficiencies are smaller than 40%. Based on the results presented in
Fig.2, it can be advised that CWs should be operated with HLR of 0.3-0.4 md™ or smaller to
maintain the favorable removal efficiency.

As seen in Fig.2, some of the reported removal efficiencies for T-P, particularly CW10 [7], are
markedly low. It is considered that a recurring (desorption) of phosphorus due to the limited
absorption capacity of sediment, lack of oxygen, and relatively low phosphorus concentration in
water, would be the causes for the low efficiencies. To regain absorption capacity of sediments, the
ceasing of CW operation during a winter period is recommended [6].
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Fig.2 Hydraulic Loading rate (HLR) vs. Removal efficiency
(OF: Operating Facility, EF: Experimental Facility, OG: Our Group’s experiment)

c. Load rate vs. Removal rate
Fig.3 shows the relationship between the nutrient loadings and removal rates. The results show that
there is a linear relationship between the nutrient removal rates and the nutrient loading rates in the
region of the low loading rate. In the region of the high loading rate, the nutrient removal rate is
fairly constant. When the T-N loading rate exceeds 1 gm™d™, the removal rate is approximately 0.4

gm2d™. The removal rate of T-P is approximately 0.08 gm™d™ in the region where the loading rate
is greater than 0.15 gm™d™.
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Fig.3 Nutrient Load rate vs. Nutrient Removal rate
(OF: Operating Facility, EF: Experimental Facility, OG: Our Group’s experiment, RC: Regression Curve)
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d. Differences of Constructed Wetlands between Japan and Europe-US.

The general design parameters and performance of FWS wetlands in Japan and Europe-US (Brix,
1994) are comparatively presented in Table.4. The values shown for Japan are median values
calculated using the data from the currently operating facilities (n=9). The area (median) of CWSs in
Japan is considerably smaller (approximately 1/325) than that (mean) in Europe and US. The HLR
of CWs in Japan is 15 times larger than that in Europe and US. The considerably lower nutrient
levels are seen in influent of CWs in Japan. Although CWs in Japan and Europe-US is quite
different in size and loadings, the relationship between the removal rate and the loading rate (for
both T-N and T-P cases) fits well to the regression curves shown in Fig.3.

Table 4 FWS wetland in Japan and Europe-US

Japan Europe-US
Area (m?) 1,200 390,000
HLR (md™) 0.440 0.029
T-N: Influent(mgL™) 2.9 11.9
T-N: Effluent(mgL™) 2.1 45
T-N: Loading rate (gm?d™) 1.3 0.3
T-N: Removal rate(gm2d™) 0.4 0.2
T-P: Influent(mgL™) 0.17 4.10
T-P: Effluent(mgL™) 0.10 1.90
T-P: Loading rate (gm2d?) 0.07 0.12
T-P: Removal rate(gm?d™) 0.03 0.06

In summary, CWs in Japan are generally characterized by smaller surface area, larger HLR, and
lower nutrients levels in influent as compared to those in Europe-US. The CW influents in Japan
contain high levels of TSS because those CWs are targeted toward remediation of rivers and lakes.
Therefore, TSS becomes important design factor as it causes sedimentation and clogging,
especially for SF wetlands. Very few studies on SF wetlands have been reported in Japan (e.g. [2]).
In the future, intensive and long-term studies are needed for the application of SF wetlands to
assess their performance in Japan.
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