£4ERPEA S LT E S R

% %%, : CNEE94-06

R r'#?‘ 1 B 4 “U/@m}“ﬂ'f *A®RFRZTY g (1/3)

HEFPF94#17 1p394#127 31p

IR ek

GEE ER R T [ A
S ER RT3

PEARY gL 2 Lo



i &

SR R NSRRI AR L PR R H b A I AL AL A
Yo 2 AR P RRREA RF AR FORARE RITHT RIS RE A2 R
Pl I 2 A ERAREFEBL I IR AT EF N TRAFEG R REL
R AR T AR Tk AL) 1F LR AAL T B eI PO (T 0 GRE
IV (THES FE A RS 2 gg,m@\gi THEE PRI AR EF T X
Bl KA A RIFRENE 223 R FRGERPREENRT S o
peeb s A a R R :J%lf—%ﬂ‘ﬁv%nm SE2HEFBEEFT R AN oA A
B~ P 2 iifmwé,: SLIRI R R ﬁ? | AR A EFRAPEE R AR ATE
W2 5s o R 0 JRIT R LR o NIRRT kY AR5 S AU
fo ik 2 R B E R E & R RS R IR 5 7 W A R F F 4 4 (TSS)<30
mg/L ~5 % 24 it % ¥ £ (BODs)<30 mg/L ~ % = % F#F<2000 CFU/mL - )} strde
(S REF KA A AR E o oA EE A AT R FIEZ R iR
o RTIRSE I o A A AR R Hap BRI A E R D
A2 g e fitedpe H0 X S AfE R Y ~F e P BEY 2 A
SR - EZWAEFZIHNE cF PRl 0 P2 RPFEOLE A R R
OEBREEZE KA B AR  cAFTEFTIER R ARLA EIRED G ER
O E VT IR IR S AR AAR R A EG kR AR A
* *ﬁi@gf&;ﬁﬁi&z BBEDEEE 2 BEF o
PE TR 7 SRR U

ABSTRACT

Due to the lack of sewage treatment system in Taiwan, domestic wastewater is
untreated or improperly treated and has become one of the major polluting sources on
natural water bodies. Interest in the development of on-side (decentralized) treatment
of wastewater has been increasing because it offers householders or small
communities of reusing the reclaimed wastewater without expensive reticulated
sewerage. The study has initiated a series of projects to evaluate the feasibility of
natural treatment systems, or so called ecological engineering methods, as on-side
treatment technologies for management of domestic wastewater from rural
communities. The technologies that have been examined include constructed wetlands,
soil filtration system, stabilization pond etc. They have common advantages of low
cost, low maintenance, easy construction, and lack of need for heavy machinery and
energy. Constructed wetlands can additionally provide wildlife habitats and enhance



landscape aesthetics. Results show that all the system could effectively reduce the
major pollutants from influent sewage, resulting in treated effluents that always
satisfied the Discharge Standards, i.e. TSS 30 mg/L, BODs 30 mg/L, and total
coliforms 2000 CFU/mL. The treated wastewaters from the system were reused,
rather than disposal, for irrigation of landscape, horticulture, or agriculture lands close
to the treatment system. The results of ecology survey demonstrate that ecological
engineering treatment system increased the diversity of flora and fauna in the
landscape. Flora includes the macrophytes and ornamental plants artificially planted
and the wild grasses or plants. Fauna includes a variety of birds, amphibians, insects,
spiders, and aquatic invertebrates species. This study concludes that ecological
engineering approaches are cost effective and technically suitable for on-site
treatment and reuse of domestic wastewater from rural communities as well as
enhancement of landscape and ecology aesthetics.

Key words - soil filtration system, reuse

DA R TR AST A L RS R M A ST A A L et A
PRk B Lo B9 N A A5 K2 RT FAfdi k54K
oA XEE2FIFSAZ > EXPE LTS E Eﬂwﬁﬁzﬁiﬁffﬂiﬁ’ F]
PHREpESES LR L F O AR AT HR s kAR B
BER L AARE £ 0 B P N5 oRARIE KA K &2 skl (75 KRR 1S eh i )
oo pE B G R I RJE R R R G KE AR R A D ] Fﬂ"**“ﬁ S
AR ESEL P AR S LaREHE - B dadez L3R 5 RS
B o BripiP AP 0 8 8 AR RIZR(F e f TR k)~ s3] p

B R (e T BT Rk R e f%@m ST - R R Rk
G(he AL EH)E HE A R R R S e S 5 A R e @ d 3

Bp P "HREELDE A DETEG (S mia“l ’ rﬂl“/@’# AR s,
VAT Tt 20 o FER RGO B o dopt 4 S EREA BF ook R
AP EF R E gAY PR BT CERERY 2 DN FE IR

CRBBRNZ D CESBIEERFEDEDE B I E B % 4 S
TR R FAARRC EEP AR o Ra FILF LR e &
BB E FRAVR AT iR gD Bp i BHRATIR kit o1 F
BRI S TETENR el ML R i T e S A e S R TR S i



STRE P BB o e B - AL R ORPF T ORI k sk £ 0 S L BT
VMEARFARL - o G RRZ - BT SRR Sang A Ay S gn
B i B aEF KT R

HAL® 26 Bhris R A K457 2 E F 2 8k £ R
lE BI13 J\)*T“’&’ FTT’FK—H’ ;’Lé: ¥ ’I"\’H'gﬁ“LrFE]J LI }f@ﬁ”—_,f “w}f@xﬁ“L W 2o

AREFA R RFF TR FBF LD REN KR ﬁ%miﬁ&l AR % B) 1T &
FRIF A AL T b IR PN (T G 0T FEGN S 54 1R e~ 23S

ﬁ‘ﬁi.ﬁ’ﬁi%lﬁﬂkiﬁuT%kmﬁﬁtﬁ#i\ﬁmﬁﬁﬁﬁ\

ZEgFE B REBEEA 2 AT 4 (Kadlec, and Knight, 1996) « pt #F » 4 1
ik ’?'v‘#&f”’*’* Bl ate LE 2 HEFEREF DS AT ilﬁ p ez 47
;1"" it T 41&;;/7(/}%,1 A_,IRJ*)'; ;‘-ﬁ-'f | % AL F 2 55 oK {’ ’Z{i‘axiﬁﬂl ‘?‘:’g
/] i,‘ll';' 2*711‘%‘[‘,’]5&:4 o

~FEE R

. R

ARABEIEIZEF UL A FITAEGE SR TS B RERERR
FERRTA ZRI I ALBEATREN IS ORLE ZHEFTREF D
R o F]P 0 AR AR P N2 IR T AR I BBk SIRE TR
AE D EFRAPRE 0 B MR P AP S R4 o

1. AP F%p RELR LR

ST AR E e B EAARS iR AT g AR R R BT R AR
PIRFWIMCR I ERESAEIES AR L AT 0 L BEFEH A

-

(1) Re§ i 4

RF v 5 & 12.25m -~ B Om -~ 3 1.5m 2 8 o R BB R AMK R
REF2E289 LE2AK PRI EHG 0 @75k NHe-N &3
* NOz-N» i *3 T Rigim k& 745 F 2 Fd? o FEFadl R Fr 2 7 9% o

(2 2 BipHF -

g 5 & 825m~ F15m -~ B Im A ERH 2o R SEFEfE o 2
%ﬁﬂ”ﬂ%*%%;’#ﬁ%4ﬁ%ﬁ8%\%%ﬁﬁ8%\ﬁﬁ&Wﬁﬁ
FEERWE S AP ER I BAIL AL FRNRAE P FipauEET o 3K
P2 A WL ARG R G WIS BB T SOGE L T (Aomk
PP E) -



R SV

T n
IR A 3 | |

RE

&aﬁ$i%//§l///

M1 A% p A%k 8pEEs LR

(3) £ fginy -
A IR ST

£ 3m> F 2m>- iF 0.55m iR NGk e ek A e o
FARGNPICRE g gt P T R KRR -

(4) & ek ix

PR ARER LT 2004 # 60 P A Bk TR AR KE B
100CMD » g% & p T2 it %5 KE 5 40-60 CMD © A: % /5 -k i m > 3\
AN R R BAL®R T ORERY Gk TR B ENER

F)Epaging o
2. REFHEBEELIT

ﬁﬁ&ﬂﬁﬁ—i’QWﬁ%*ﬁﬁﬁ@ﬁﬁﬁﬁ$°$ﬁﬁ§ﬁ$ﬁ
AFs ¢ LR E 4 (TSS)~ 4 1+ 2 5 £ (BODs)~ 4 (NHa-N)‘ pH(TP) ~
B F (TKN) ~ B e & (NOs-N) ~ I A e § (NO-N) ~ & 4 % 47 (total
cwmmo\iﬁikﬁﬂﬁﬁi’$%SmMMdMam%BPwMﬂ<¢@ﬁ9
Yo AT AR AR F 2 kR BT A RNE R AR R BB IEL o



PO <% S % 4k2 12 Chromocult® Coliform Agar(Merk > Germany)
G037 T 24 [ PE RBEEAR - AEE-H L HE 0 B
CFU/mL # 1 -

3. BRI T

B #RE Kk svek 4§ jF(hydraulic loading rate) & & ~ kT 3R £ (Q)
,% s B ﬁp (A) » & sverk 4 &g pFR(t > nominal hydraulic retention time)
I,{ s \A IF' 71‘ :

= Ahe 1)

H o
2

/J "“ J\/# m

f% o‘?f' 7 M. 3 (porosity)
Q . \ u J\/rl g_, 3/da.y

75 4 ¢ 47 (LR > pollution loading rate) » i3 4#% 2 i# 5 (REM > pollution
removal rate) 2 5 4 4 3 % sz ¥ (EFF > percentage of poIIutlon removal
efficiency) » Rl ™ 7= ;43 8 ¢

Q
;
A ,f Yem £, m
h:
€ -

LR =qC, )
REM =q (C,-C,) (3)

eFF =100REM L1090 & =5 ()
LR C.

_:_E'_‘\:’ ’
Ci: itiiokis 44 k&
Co: dix J\ﬁ 4‘*"/}%&

4. 2REA LA S TR

AEFTAEF 4 4p % (Shannon - Wiener index, H’) &7 & i suehd $
8 T EAai

K
——ZEIOEQE
) (5)
H : % ki ik
St nfBAT A B(H LI
P . /—L‘ |%§m'ﬁ'§ﬁ§£ (n|> 1-,';3 4R ]E;rgﬁ_‘a'( (N) 2 S LA ]E’ (nl/N)



L kG
1 RFATES

2005 # 5~12 " 2 AT S Ack 1 orq o 11 0 rena vk BT o
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mg N/L ~44.1mg N/L~445mg N/L > iR¥ H#ER » % 5 16.85mg/L ~ 24.0 mg
N/L ~ 24.8 mg N/L » 4 3 5 ok & 4 %] 5 0.06 mg N/L ~ 3.1 mg N/L ~ 3.9 mg
N/L = & %uz TPigimik B 5 3.2 mgPIL » jsudiigk A 5 02 mg PIL » & %
2 TP 2 % * % 94 % - Total coliforms z_ 1%k B 5 12000 CFU/mL -
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B P ¢ 2005/5/27 & 30 CMD
P 3E P DO pH SS BODs | NH4-N TKN TN TP Total coliforms
H i mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
JRR it 0.7 75 20 54 27.81 42.9 43.0 4.2 167200
FRE AR 0.6 7.2 18 53 18.72 33.7 34.1 3.7 110000
YA EE: $-Y;
(4, ’f o/t 0.6 7.0 16 11 0.00 28.5 28.9 3.3 53600
2 % & (%) - - 20 80 100 34 33 23 68
A LF K
AN - - 0.12 1.29 0.83 0.43 0.42 0.03 -
(g/day)
H =6 ff 2 %
i % (g/m?/day) - - 0.08 0.84 0.54 0.28 0.27 0.02 -
B P # : 2005/6/30 =g 30CMD
e BT8P DO pH SS BODs | NH4;-N TKN TN TP Total coliforms
¥ i mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
R 0.0 6.1 30 56 28.62 45.2 45.8 7.7 223000
FRE AR 0.8 7.2 21 52 20.13 354 36.1 2.2 110000
SR(2 IR A
(4, f k) 0.8 7.1 15 15 7.25 25.6 26.1 0.7 42300
2 % % (%) - - 50 73 75 43 43 91 81
L oE g K
AN - - 0.45 1.23 0.64 0.59 0.59 0.21 -
(g/day)
Hio 2%
i 2 (g/m?/day) - - 0.29 0.80 0.42 0.38 0.38 0.14 -
R P #F : 2005/7/13 e 128 CMD
¥ R|IE B DO pH SS BODs | NH4-N TKN TN TP Total coliforms
¥ mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
Sk BLE 0.0 7.3 32 51 25.13 48.1 48.5 3.6 263000
RRE A 0.8 7.2 20 45 15.21 32.1 32.8 1.4 140000
hs(2d Bm A
(4, ’f k) 0.7 6.1 12 12 10.22 20.5 21.9 0.1 41200
2 % % (%) - - 63 76 59 57 55 97 84
AN - - 0.56 1.09 0.42 0.77 0.74 0.10
(g/day)
g f2 %
& % (g/m?/day) - - 0.36 0.71 0.27
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B P 8 : 2005/8/6 *g ' -CMD
P 3E P DO pH SS BODs | NH4-N TKN TN TP Total coliforms
H i mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
JRR it 0.0 6.4 37 40 34.27 43.5 44.1 3.8 253000
FRE AR 0.0 6.5 7 5 4.22 9.5 10.2 0.6 7500
g ‘?jb(j: j’?}'ﬁ}%) 0.0 6.7 13 3 0.93 2.9 31 0.7 3300
e PR 2.6 6.8 19 6 1.31 31 3.2 2.3 6400
4 % F(%) - - 54 93 97 93 93 82 99
2 E - - - - - - - - -
(g/day)
Py ] ] ] ] _ ] ] ] -
& 5 (g/m?/day)
#® B p #F : 2005/9/9 g -CMD
e BT8P DO pH SS BODs | NH;-N TKN TN TP Total coliforms
Hix mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
S LR 0.0 7.0 38 42 36.60 43.4 44.6 34 436000
RRF AR 0.9 7.0 6 7 0.68 7.8 9.1 1.6 9100
. (’:‘ i{%ﬁ Y os |72 7 4 | 007 3.9 5.2 12 100
4 fi s 2.3 7.2 19 4 0.14 1.7 5.5 1.9 100
2 % & (%) - 82 90 100 91 88 65 100
(g/day)
H g 4k
aF@miday) | © | T ] T ] C ' ' ' ' '
R P ¥ ¢ 2005/10/5 g :30CMD
iR DO pH SS BODs | NH4-N TKN TN TP Total coliforms
¥ i mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
JERC R Pt 0.5 7.0 27 15 23.35 26.1 26.5 2.7 183000
RRE A 0.8 7.1 11 12 21.53 235 24.1 2.2 112000
e (i jf”m Y 44 |70] 8 | 2 112 2.1 13 0.6 360000
2 f e AU 24 7.1 55 4 171 1.8 19 0.9 35000
2 % % (%) - - -115 87 95 92 95 78 -97
di(g;//%diaiy);; - - | -093 | 0.39 0.67 0.72 0.76 0.06
,ﬁ ?‘i ﬁzé G - - -0.60 | 0.25 0.43 0.47 0.49 0.04
i# 5 (g/m°/day)
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¥R P #F ' 2005/11/23 *& 1 25CMD
P 3E P DO pH SS BODs | NH4-N TKN TN TP Total coliforms
H i mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
JRR it 0.0 7.1 37 49 30.80 44.1 44.5 3.2 152000
FRE AR 0.0 7.2 22 8 16.85 24.0 24.8 1.6 142000
e s(3 IR A
(4, ’f o/t 0.0 7.3 10 2 0.06 3.1 3.9 0.2 21000
EAF [OL =L 2.4 7.1 27 5 1.71 2.1 2.9 0.9 12000
2 % 5 (%) - - 41 90 100 93 91 94 92
7% 2 S
AN - - 0.38 1.10 0.77 1.03 1.02 0.08
(g/day)
o 4%
i 2 (g/m?iday) - - 024 | 0.71 0.50 0.67 0.66 0.05
W P ¥t 2005/12/20 =g 35CMD
e BT8P DO pH SS BODs | NH;-N TKN TN TP Total coliforms
Hix mg/L mg/L | mg/L | mgN/L | mgN/L | mgN/L | mgP/L CFU/mL
R 0.0 7.6 33 49 18.93 37.1 38.1 2.9 436000
FRE AR 0.0 7.4 20 26 12.68 34.2 34.8 33 322000
Jos(3 IR A
(GRBRE) ) 0o | 71| 8 | 10 | o063 | 11 18 11 1600
AN ST L 1.2 7.1 20 12 3.40 8.0 8.5 15 2400
2 % % (%) - - 76 76 97 97 95 62 100
By &
AN - - 0.88 1.30 0.64 1.26 1.27 0.06
(g/day)
H a2 %
i 2 (g/m?/day) - - 0.57 0.84 0.42 0.82 0.83 0.04
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