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Abstract

Bamboo Creek, a typical urban river, is originated from the East District of
Tainan City and offers an important function as a main drainage for both sewage and
storm water runoff from urban areas. Its flow ends at Kun-Shen Bay, having a total
length of about 10 km and drainage area of about 7.44 km?. Creek water is seriously
polluted by the receiving sewage with a flow rate ranging from 23,000 to 44,000 m*/d
when sunny days. The bank and bed of Bamboo Creek are mostly made of concrete;
the slope of the creek bed is gentle, thus causing an unchanged water depth and
velocity of water flow. Accordingly, ecological diversity and landscape esthetics along
the creek are poor. The pilot-scale Bamboo Creek constructed wetland system was
built in August 2004 by Tainan City Government under a project financially supported



by Environmental Protection Administration. The treatment wetland system was
constructed on the concrete bank of the creek and received part of the polluted creek
water for purification. The goals of the wetland constructing project are to (1)
investigate the performance of the pilot-scale constructed wetland for purification of
the Bamboo Creek water, (2) examine the benefit of enhancement of biological
diversity and landscape esthetics due to wetland construction, (3) propose feasible
approaches for improvement in water quality of the whole Bamboo Creek. The
Bamboo Creek wetland system has a channel configuration, which consists of a
subsurface flow (SSF) unit (4 m x 50 m), a free water surface flow (FWS) unit (4 m
x 150 m), and an SSF unit (4 m x 50 m) connecting in series. Macrophytes with
functions of pollutants purification and landscape values, such as cattail, cyperus,
vetiver grass, reed, and canna, were planted in wetlands. Creek water was pumped
into the front part of the first wetland unit and then flowed through the system by
gravity. The flow rate of influent was operated at 76 m*/day in average during the
start-up phase from August 2004 to March 2005, and then increased to 107 m*/day in
average afterward for a stable phase operation. This hydraulic condition represented
an average hydraulic retention time (HRT) of the whole wetland system being 3.81
and 2.66 day for the start-up phase and the stable phase, respectively.

The monitoring results of influent-effluent water quality show that major
pollutants in influent were significantly reduced In the stable phase, pollutants
removal of the wetland system increased to be 81% (2.73 g/m?/day) for TSS, 79%
(4.17 g/m*/day) for BODs, 46% (4.59 g/m?/day) for COD, 24% (1.13 g/m*/day) for
TN, 2296(0.07 g/m?/day) for TP.

24 =
CLI

BIp 2 e kA S U R R R A RF RO R A SR
HIR B K P B AT e A SRA L R ki R E - 0 T
PR ER RS ELREN A RS RRE A T 3 S IR R
e R TR K Bk £ @R iR A SRR s k- kAl
SRR ECREF T S SRR VR ERIRE 31
Ao MR EFLAMR Kk AL E R RS o

B EMARFAFFIE RFTRET 2% > 8372 L E KA &bk BB
FEFRERATAR BT BFRFErE R FR S B DA R
CANCRNCTE RS SR R UL DESEE SIEAE & E L Tab
F§ AgiE 1000 IR S K SAF FRY o Bl e AR 00X 288 h ik X
SHc HAEF B pihs X 5B 1R TS AR & R AT
oo % EJEIRT 5ok 1 ROK 2 2R AR B B(& A Hi%) 11k (Cole, 1998) o



KL RHR? 7o g @05)k? chi & i-i g0 Glhod i FIWH - 5
#ﬂ%‘r FRAY AP CEERE A A 1RV HRIELF O " »is (Reed et
I, 1995) - (Kadlec et al., 1996) -

pR T PERP N EERM I ERFRFYN 744 T3 02 5 BRHEP D
ELZAFRE?P REOAFPMILZZFLRAMRIEF KRG L  FPHEY 2 KRS
G- BDTEF RAP R R 0o P ET A LR kLR A3 2004 £ 8 0 o
dREFRESY 0 Se R o RS F BB R ERY P AL KR
PIEE BRI DT ER R AR R PRIFFEFALEIZRFELNFTL
k}*ri‘ri PRV FIE2 RE "’K'Fi P A R FHEMEE FRE gy d B
%ﬁMﬁMﬁﬁﬁmmﬁﬁﬁﬁgﬁﬁmi&lkﬁﬁ°

By B
AFETAEPNZIREREA L RE EAES L ME R R 2 g

BAp o vt R ds P 2 R ATar o

Bk

I~ A 3% %5

1

R LA R R

FUEALRE KRR EIN L AET R

Mg od MEAEFL LT ERFDPL D A AT 2 TRAR LR
2T PP S A I HMK T A IS I BT R
A T Y RINE B FR AL RF o

PUEA L RE AR DET A S Z BRFE ¥ - FFEE T (SSFI)
LAG TR A LIRS S R AL 200m s T kEYL 0.6ms A& L)
2o TR A LR 2R BT B R A A I FERE 4T ERY
B EHRE RS T 0 AR RIFAME P L k2 S
B CRAF OF BB CEAEDSIBRECFWS)E A6 nR A 4 1%
oYL 600m T kEYL 03 me 4 ALEERY L 03 M e
RS o ) R R AL T R IR B R R T R R
i%ﬁﬁﬁ’iﬁﬁiﬁ%%éﬁiﬁyzﬁ;rﬂﬁﬂ@$|npa*1x,
AL LEE O FFHE200m? > TIKFEGE 06mMe HEE R N2 F R
ﬁﬁ*ﬁ*’%%&“ffﬁ&ﬂn"?k%%%%ﬂﬁ‘p%#aa%,ﬁ
B2 kAP ZAF - LF X BB ELE
2~ F w2

AR R 93 F 8 BN ET P RS 94 £ 100 0
THERY UEEINPPENBERERIET A 1R AR EITp Y
IR A ATFEEF o ¥ - PPERALEE IR (L AR p 2004 £ 8 1 3
2005 & 3 7)o gE ks gl R B 0 T gt 76 miday o k4 f A



0.076 m*m?day » -k 4 2§ PFR T 3a% 381 % o 2 14 > 2005 & 3 ¢ % 2006 & 1
V3B R T T 40 107 mYday i (7 4R R B AR (T PRk 4 fJF 5 0,107
mé/mélday » k4 BT RS 2.66 % 0 PR AL B AR o
KIE 3 = A S
BB U R L ik (BB A)SSSEIdn (3 HEB) S FWS
(BB C) s Ik (HFEEED) 2 HEE L= -
kfRha kAt e da 4 5 £ (BODs) 8 %5 £ (COD)~ £
FoRREEMS (TSS) -t apd 2P A - THE® %% (TN) -
DO ~pH -~ Kif % o &3 -KF A7 % > 3547k ok o B p382 "(APHA,

19"Ed) - COD~ % § ~ DT ASM T ~ e @ « LAl e 2 -k > 3930 & R B
o AT ’?’b/%ﬁ’i,‘:& °
4‘—4:“/%‘;" .
/5&% ,:“‘\ suv 73 4‘5}"'7 él?’& (PLR) 75 =
PLR=C, xq (1)
A2,

PLR : i3 % § # » g/m?/d
Cit By B3 22N ER » mg/l
q:-k4 g m¥mid

FB Y 23S (RR) ¥ AT S
RR:(Ci_Ce)Xq (2)

He
RR: & % 5 g/m?/d

Dok 4 R o mimid
Q. T EF A IR R > mo/l
5~ 14 1;&4%@4§ﬁ§%§:
BT AP At R ﬁ Ak o - = #s 4 F 05 (First-order plug flow
kinetic)(Kadlec , 2001)

c,-C’
L=+
Ky = 3)

Co=41im K ik A& (mg/L)



Ci=igjn-kik & (mgl/L)

C'=X 1% ch¥ BER » ~% % BODs# FiE A 5 2mg/L
HRT="k 4 i § P > day

Kr=@ & T pren- S d 8208 5§ di

BEEH

(1) i i (pH) :

d Z 185t > B8 pH 7.507% 5 SSF 118 pH* 7.37 £ 5 d FWS{spHE 7.47
Botsn i SSF NtApHE7.39 0 H @ Baom fin SSF 118 pHF 8 feen®s 1> Anig
FWSispH$ 1% % e 4c > i85 d SSF IllngJ_IR.w* Lot i o
2% ~® kT =(ORP):

d % 15«;7—? » 70ORP 23 mV o R 5 SSF 11 ORP*% i1 3]-186 mV » f /it 5 FWS
{5 ORP3 4r $]-66 mV » & {3 /it 5 SSF 1175 ORP*% 1 $[-155 mV ° o BifAzhgs 12
AR Ap e i > TSSF 1 #2SSF Il 388 % s Rtk i > @ SSF 1B ol i< ot
SSF Il % chBg % > @ FWSE % 5 1R fk
(3)i3 ¥ (DO) :

d 4187 2573 5035 mg/L » 72’sSSF 11552 5 50.24 mg/L » & 52 5 FWS
SR S174mgll o B SSF”Tﬁuai % 0.34 mg/L o
(4R & -

d 1B R AR BN DA B 5 i85R24.7°C ~SSF Lk 5 24.5°C ~FWS
A 524.9C ~ SSFII;.m %24.6C o
G)ET R

d £ 1&g 72 T 2736 us/cm o o 5 SSF 118 7 & 712 ps/cm > £ i 5 FWS
{8 37 B 690 us/cm » B {s o 5 SSF s %7 A 692 pus/cm o
(6)TSS :

d & 187 > TSS Tm:Ei-kik R 5 30.6 mg/L » 75 SSF | 18 TSS ik & *%
%% 10.8 mg/L > £ /5 FWS & TSS JE & 3 4r 5 8.4 mg/L » & {5 x5 SSF 1 12
TSSE &R " K 5 55mglL -

d P RERTFEN R R AR 2 VF s AR RS R TIFR
SSFI &3 “f TSS & L%*K AR B 3 %vi% » P AR R FIEER I B2 B
TR TS ka’/ezﬁvrbmfr SSF I Myn ik B AR§ #1T @ & FWS 2 77 1 Al
2 A ”")é-‘tfrvl‘bﬁz»—bf’?ff T IFFF 2 £ B > TRz B FWS € B3k ¢ TSS 3
fvoow R EIEIFIFER] 6 F LAt R ' Mok Y TSS E e g E T

gn:gf“;ezfnfbﬁ;\ » FWS el ik & o 1 SSFII 2 7f 1 pede 13 5]} m;g 75
B Eh R HRIL AR AR TR PETI E  a A2 1§ sea
MTSSER & * A 27 ¥ ,—).?‘*{'F,‘ B SSF I ffcds P 7 f~ g & e 14
AR AT RENB TR JApg g s o

d RI3Y BT 0 MUEA LR B PR T R AR R T sk 0 AR TR T
FRBpFim AR E AR e e in > ¥ A “f Fd 7193 40 1 81% -

-



(7)BODs :

d % 157 BODs T #oien-kik & 5 49.0mg/L > jn i SSF 1 t5 BODs ik & 4
%% 27.6 mg/L > # in'5 FWS 15 BODs k& "% 1 5 18.3 mg/L » & {5 in 5 SSF I
is BODs k& £ ' ™ 5 9.9 mg/L -

d 0+ % ko 0 SSFISFWS 2 SSF I $#304 “,% k? BODs~ 3273 7= sz

% SSF 1 22 SSF Il R~ 3 B cFed® = 2% o

g;b [V f&gt ‘;h’ﬂ4" Bies A1 ;‘g‘«_fl ,f’i Lt x/grj7j;:* 5 Tiil,jf,a BOD5E1?L‘> s ﬁ
oAb PR R E R ek (FFF L > 2 SSFI~FWS 2 SSF I 2 “,% e P39y AR
TP - R f gk o T Jﬂﬂg Bloycb e A fRIF B2 A~ o2 AR5 ¢ Vi £
G FERAR (TP E %t SSF I~ FWS 2 SSF I & 41 # i b »5 g P B ik F B
B> @ ¥ SSFI~FWS 2 SSF Il ffg 4k (vFF B B IR B 9 o MO o ds 1 B
MR R e
(8)COD :

d % 1% COD Ta:Ei-kkR 5 90.7 mg/L » /% SSF | 16 COD jk & "%
% 582 mg/lL > £ i FWS 6 COD k& *% i< 5 54.8 mg/L » £ 155w ’g SSF I
is COD k& £ " X5 44.2mg/L -

FEN P gk R 6 AT 0 mm it I Ao AR TR (Tl £ SSF I 3
f COD sh=isx’y £ 3 PP Agermck 1 ¥ 4 SSFII 2 4r‘COD 2 3 % e FWS

¥t f COD E'JJ_IRJ e enfiin s § R FE R pE oS FWS € 3k COD 3 4c e

o m AAR TR TP PRI FWS B2 € 3¢ & COD i 4e » @ E 33 COD
EEES f%’—\'ﬁ N S L L ]3'5?]7 FE @ AR IR L H A U REE
TR W DIRIR T ke Fy Bend Fonk o L BT Py BB AR R TR B ep
SSF 1 & SSF Il en3 ér‘dvgji;}gg

d B 77 8o nEALRFADYTET B REE > $HCOD F RP A
id ok BRI A (948 37 1 95 # 37 ) Bk kAL
SRR T AGARR (94 & 670 ) (8 "T - s - O JERE R R o
Frk et o @R - FRRAT N R TR
(9)TP :

d & L& TP T3 -RER 5 274 mg/L > /nig SSF 18 TP k& "% M 5
248 mg/L > £ inig FWS §8 TP R R "% X5 2.34mg/L > &1 in kg SSF I {8 TPk
5:11 % % 1.95 mg/L -

FE L S R 8o 0 ek FFECPF SSF | & SSF I 2 ",%7](6 TP
J_IFLE‘ o oes e o (e fE Tk (FFFBOpF SSF | &2 SSF I $2+4 “T kP TP R R R
ﬁl’ﬂ{fm sl o P AR TIE A REOR TR YT G ka3 %ok P TP o

B b B B AR TR FWS ot ok TP ¥ g ek
g R FWS fis g prr 3t A 8 24k lrrbﬂeﬂ L RGRRY =& il i S S d iR g R
e FRAE,MPEAP TP S "T RIS It R BNy = & SR gl a A

d B 9P EoT o kiR 5‘—’\.1,_3*_&‘441” TP » ‘Pdﬂ—i"frﬂ st % 0om e



MR R EIRB S el o AR T AR TS G R A end "$ ko e L ERES ‘,f
F o mARE R AR o
(10)TN :

d & 187 TN RER 5 36.8mgN /Ly i SSFI 18 TN k& '3
5 27.0mg N /L> £ 7 ig FWS & TN )k & "% i< 5 24.7mg N /L & 12 5 SSF I
fe TNJERE "F M5 229mgN/L -

el enlg & 2§ 10 7 4o SSF | 8 Tk 1TFY B & e 1 Bt 2 “f 'k
?OTN % 5 ook o afE R AR ITIFE S “f Ak R ELR IE B FWS E 3 A
}é.zfnrbjﬁ,‘ﬁ AR T (FIF B2 f }\ P TN & & IRag i end fux% » SSF II **}a—:tfh
[ S ok ¢ TN I »c% £ 2 i3 & TN 5 sechfiim » (e 48 238 (FPF B pF 40
2 ",% kP TN R § & fieersc s o

d R 1LY T BT AL HE A R R Y BB IR
kR o gt AT iR LR BT J\L’WTN e BB ‘&fr-tﬁ?l‘bﬁx ) ¥ E
B f et AR TR TG 1B 2 f xS ¥ OHET G H TN 3 f*‘i%
ifléﬁ'“f"" o AR T FIFE B F R & SSFI 2 ffl’ﬁii DS A =

i emaniz T EFRF AFWS Bl § R ér‘rl"g)?j&p B o

d B 457 &m0 HUEA LR REBIFENT S BRI RP A
T i 4 AR AR TR G T T 4 o g X PR FE (<
& o~ Be k) ,\;szgs ’ IE"% TR IR cad®sa % T IR - w > ¢ ﬁ’rgﬁ XY
A HoFp Hp o3k 2. 50 % o

ptebod & LB 0 B AR NHy-N T 32320 kk R & 16.80 mg N /L » kg
SSF I §8 NHs-N JE R "% i< 5 15.14 mg N /L » £ /55 FWS 8 NH.-N JE B "% K 5
1555 mgN/L > B85 SSFI 18 NHi-N JER £ "3 M 5 11.28mgN /L -
(L)% % F -

d & 1871 0 BRARR % R L2 ii-k i 44679 CFU/mL » ik i SSF |
o5~ % FAREE MG 26414 CFU/mL » £ 755 FWS (558 < % 4% < 5 17098
CFU/mL » & {2 /n 5 SSF I £ %, <~ % f?’]éﬁﬁ'— “§ % % 10399 CFU/mL -

F_*

S
1 7R A 1RO E TR (TRFEOPF pH ks FF BPR RO PR B PR AR T B30
Bt Py b R R IR AR5 kgd REA 1 RM B ERBERS

fé_ PR Mok Y TR o

2. FEALIRE SR SEIECE IR A R R PR A SSE | SSEI B4 r
F&&W%ﬁ#ﬂm kAR W ok P - PRI RIS S
LR R £ ~é fﬂ'”bes*“: fTALRE > FPLTEP PAEA LR
S RIL R M doti £ 2R e 2 A TRRR S G 0 AT
7R AR E UK -



PR A 1 ,;_f« it f kP54 Y BODs ¥ 0 &3 At fads 1EFo s A48 2
P ivpEE 5 SSFINFWS 2 SSF I 2 f T b3t EEY - kend ff,;aw
T AP OIE SR SRR TR A > F B 7 BODs f jF el T o
7 7 #® 7 BODs 2 ,f;iﬂ »m A ,f-," oo B T A 1R F IR
SOl BT M AL A 1Rk S 4tk BODs LR T8 7 41
B AR 0 0 3 A KRR S 6 R -
TEALIRE SRR I B AR R TG L SSF | 4y COD
Ry By PR gk > T 4 SSFII%%CODJJJ?%V%‘Q:’@FWS
v 3 f COD Rl & % Fe enfiim » %)&Iﬁ?)‘bfxfﬁﬁ % FWS ¢ %3k COD #
el o o AR TR PRI FWS B2 €33 2 COD eiadf 4e > @ &
#+3+ COD 3 f 4 o AT K o

TEA R *“m—"ﬂpml._}é'tf"f PR E AR > e vz
f’r’\.l,;_%#pg’n? +—i"Tx§-_,"vaIJﬁu'ﬂ’“: rr&.l,j&,_ ) @
(LU P R SO P K R L P A
IR R LTI A 1R 2 VF AT o

TUEA L RE kS I B B AR 2 (FFF B SSE I SFWS 2 SSF I 3t 2
ok ¢ gL RIS BT Sk o 2 0 EoB R ELPE SSF I $H2 k Y
S AR AR R IR SSE 1 2 % kY A L s 5 g
BT ARERET & F R B s E RT3 TR F AR e
RO HRFT A s # ki 2w RES g SSFI 22 SSF I #+58 +
Rk Aaas “,%f:it%fés\lﬁ’!%ﬁ:& °

342t

1.

Cole, The emergence of the treatment wetlands. Environ. Sci. Technol. 32:
218A-223A.(1998)

Reed, S. C., R. W. Crites, and E. J. Middlebrooks., Natural Systems for Waste
Management and Treatment. 2nd ed. McGraw-Hill, New York.( 1995)

Kadlec, R. H., and R. L. Knight. Treatment Wetlands. CRC Press, Boca Raton,
FL.(1996)

APHA, "Standard Methods for the Examination of Water and wastewater”, 19th

Ed., American Public Health Association, Washington, D.C
Kadlec, R.H., and K.R. Reddy, “Temperature Effects in Treatment Wetlands,”

Water Environment Research, 73, 5, pp. 543-557(2001).

Peays T R RBR R A L IRR ASE RIS KRR L IEHT ALY
Es FRPEAFRE %E_Pi’;f‘iﬁﬁﬂ"‘ o 5@ (2004) -
j%ﬁ‘ﬁﬁ*&\ﬁw SRR SHERYUs REBFCEX Y TIEHA D
R 3‘ RERAIIA TG RN T % N BERRRJE I €
% 1-116 7 - 5 7 (2004) > :*+ % ¥ %. : NSC-90-2211-E-041-005 -



10.

e S F AR S F R BRI T PR | R
RS kT R 1% KRR Pt € 0 % 1-83 F
2004) » 2+ % %¥h 0 NSC 92-2211-E-041-014 -

SRR A S HREME C Z A S EEE > e R Atrazine 2 4 1%
g AR Rk 2 R B S B AR AR R € 0 8 147
E o o3 (2004) > 34 %L 0 NSC 92-2211-E-041-007 -

B E q,lﬁ—a SEEA SR S A IS S R G g_;p% » 7
AFRFTREJPEARFEE S4B REA 2 LI ¢ o pp2l o ¢
wm (2004) % %% : NSC 91-2211-E-041-003 - .

(A

o *w [
I&& - \? g
) ﬂ-&-— <

{‘1"-



%1

i S S TR SRS %

BE

Influent SSF | FWS SSF 11
pH 7.50+0.37 7.37+0.29 7.47+0.30 7.39+0.24
ORP

3+139 -186+137 -66+122 -155+130
(mV)

DO
0.35+0.52 0.24+0.42 1.74+1.95 0.34+0.45
(mg/L)
EE
©) 24.7+3.6 24.5+3.8 24914 .4 24.6+4.2
X |’§ﬁ
i 7362110 712459 690+131 | 692+149
(us/cm)
BOD

49.04+11.79 27.60+8.46 18.29+7.47 9.88+4.19
(mg/L)
COD

90.68+35.36 58.22+3.24 | 54.77+31.55 | 44.20+26.89
(mg/L)
TSS

30.63+12.14 10.79+7.53 8.37+6.18 5.45+3.92
(mg/L)
TP

2.74+0.56 2.48+0.46 2.34+1.04 1.95+0.66

(mg/L)
TN
36.75+18.69 27.01+5.53 24.65+9.94 | 22.91+7.52
(N mg/L)
NO,-N
0.14+0.44 1.40+3.44 0.94+2.71 1.17+3.10
(N mg/L)
NOs-N
0.10+0.20 0.06+0.04 0.07+0.03 0.09+0.06
(N mg/L)
NH4-N
16.80+7.27 15.14+8.93 15.55+8.04 11.28+7.96
(N mg/L)
TKN
36.51+15.85 26.44+7.16 23.60+8.37 | 21.66+6.88
(N mg/L)
&\, :\'A
Rk 1.63+2.29 6.13+5.91 11.64+12.60 | 7.07+6.75
(mg/L)
Total coliforms
44679114920 | 2641449598 | 17098+7862 | 10399+5285

(CFU/mL)
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