21

211
(municipal wastewater)
( ,, 2546)
(1)
(dissolved oxygen® (2)
)
( ,,2546)
( ,2533)
1)
2)

@) @ (  2533)



mffuitntm  y1Bdljaw
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1 (total solids) myL 350 120 1200
(dissolved solids) myL 250 500 850

(suspended solids) myL 100 220 350

2. (settleable solids) myL 5 10 20
3. (biochemical oxygen demand; BOD) gl 110 220 400
4, (chemical oxygen demand; COD) myL 250 500 1000
5, (total asN) myl 20 40 &

(organic) myL 8 i) b

(free ammonia) myL 2 25 50

(nitrites) myL 0 0 0

(nitrate) myL 0 0 0

6. (total as P) myL 4 8 15

(organic) myL 1 3 5

(inorganic) myl 3 5 10
T (chloride) myl 3 50 100
8, (sulfate) myl 20 0 50
9. (alkalinity as CaCQy) myl 50 100 200
10.  (grease) myl 50 100 150

1L (total coliform) MPN/100ml 106-107 107108 107109

: Metcalf  Eddy (1991) (2546



2.12
(nitrogen compounds) (phosphorus compounds)
2121
2

(organic nitrogen)

(inorganic nitrogen) (ammonia) (nitrite)
1) (eutrophication)

(algal bloom)
( , 2544)

2) (dissolved oxygen)

2 NH4 +302-) ANH3++ HD +2N02
NH4+ +202--) 2 H++ HD +N03

3)
methemoglobinemia  blue babies
methemoglobin
( , 2544)
4)
1

0.01-2.00 myL 259)

(nitrate)



2.2

221

(Cowardin

2122

(
(phosphate)

2544)

2543)
orthophosphate

(

(wetlands)

1979

(Novotny

(wetlands)

Olem, 1994)

condensed phosphate
, 2533)

2544)



2.2.2 (constructed wetland system)
(constructed wetland system)

I ST o, 1900

(IWA, 2000 Lin 2005)
(US. EPA., 2000 Linet . 2005)

(Clough
Aya  Akea, 2001 Klomjek  Nitisoravut, 2005; IWA, 2000 Lin,
2
1) (free water surface system, FWS)
(. EPA, 1987)

(emergent plant)

rhizosphere

1970

, 1983,
2005)

(Moshiri, 1993)

2) (subsurface flow system, SFS)

(anaerabic)
( , 2542)



Outlet Weir

Distribution Pipe LJ b v
T st Near et yonsy
Low Permeability Soil
Surface Flow
) 21 (free water surface system , FWS)

. Kadlec  Knight (1996)

Adjustable Stand
Distribution Pipe W %@ Wé/ Pipe
7& & R e *‘7’@ -\:
Low Permeablllty Soil
Subsurface Flow (SSF)
2.2 (subsurface flow system, SFS)

. Kadlec  Knight (1996)
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2.3
231
( , 2536)
( , 2536)
( , 2542)
(accumulation) (transformation)
(Reddy Patrick, 1993 , 2541)
(Tam  Wong, 1995; Boonsong , 2002)
232
Santisuk (1993) (2542)
Rhizophoraceae
(Rhizophora) (Ceriops) (Bruguiera)  Sonneratiaceae
(Sonneratia)  Verbenaceae (Avicennia)

Meliaceae (Xylocarpus)



(adaptation)
, 2542)
Watson (1928)
mucronata)
3
tagal) 4

littoralis)

pneumatophores

(knee roots) (stilt roots)
(buttress roots)

( | 2542)

1 1
(Chapman, 1975

(2542)
5
(Rhizophora
(Avicennia alba) (Avicennia marina)
(Bruguiera cylindrica) (Ceriops
(Bruguiera) (Xylocarpus)
Nypafruticans) (Heritiem



232.1 (Rhizophora mucronata)
' (Steenis, 1958 , 2542)
30-40 (prop root)
2-1
( 2539)
(stenchaline)
Schimper (1903)
(2542)
20
(Hensse, 1961 , 2542)
berry
viviparous radicle
hypocotyl seedling (
| ) seedling
(  2540)
2322 (Avicennia marina)
(Bumning, 1947 , 2528)
(Gledhill, 1993 | 2542)
58 2 1020
(pneumatophore)
cableroot horizontal root
30
(  2536)

30
(Champman

Ronalson, 1958



2323 (Bruguiera gymnorrhiza)
2535 (prop root)
(buttress root)
(knee root) ( , 2529)
1025

( 1 25%9)
2324 (Ceriops tagal)

(buttress root)

(knee root)
30

( 25%)

1525

13

radicle
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B ;}‘s =
TS

oK

() (knee root) () (buttress root)

23 {
(2542)
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233

( , 2542)
2
)
( , 2542)
1 ( ’
2538 , 2541)
2) organic detritus
2
1 1 (particulate form)
2
(autochthonous sources)
(allochthonous sources)
( , 2542)
]
( ) clay
clay loam 2806
1.30-2.05 0.101-0.153
mg/g dry weighht ( , 2539)
6.67-6.81 2.34-253

331-:33  0.61-261 mg/ gdryweight (Boonsong , 2002)
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24
24.1
1)
( , 2539)
(ion exchange)
(precipitation) (adsorption) (complexation)
(Stumm  Moogan, 1970 Klomjek  Nitisoravut, 2005)
' (aerobic)
(anaerobic) (nitrification)

(denitrification )

(Tam  Wong, 1994)
(sandy clay loam)
(clay loam) (silty clay loam) (sandy clay)
(silty clay) (Cooper, 1990 , 2541)
2)
biofilm

(Stawell, 1981 ,2544)

(Brix  Schierup, 1989
,2544)
(Yang , 2001, Gray , 2000)

( , 2541)
(23
(nitrification)



iy

( , 2536)
2.2
L (diffusion)
(Armstrong,
1978; Brix, 1993 Cronk Fennessy, 2001)
2.
(pressurized ventilation)
2
(1) (thermal transpiration)

(2)

(humid-induced pressurization)

(Decay, 1981 Cronk Fennessy, 2001)
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22( )

3. (underwater gas exchange)

(respiration)

(Tomlinson, 1986;
Brix, 1993 Cronk Fennessy, 2001)

(assimilation) (transformation)
(circulation)
(Kadlec  Knight, 1996 , 2541)



242
3
)
(Bolton  Greenway, 1999)
)
deman; BOD)
(water column)
(Kadlec, 1995)
(Shalk, 1978
(2544)
Klomjek  Nitisoravut (2005)
1
(total suspended solid; TSS)
? (resuspension) ( bioturbation
)
(settling)

(Kadlec  Knight, 1996)

19

(biological oxygen

(2544)

, 2539; Kadlec, 1995)

Lim (2001)

(deposition)
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2)
(particle) (dissolved)
()
2) (N02N) (3) (NO}N)  (4)
(NH4N) (Kadlec  Knight, 199
Gray , 2000)
(hiogeochemical)
(ammonification)
(ammonia ) (nitrification)
(denitrification) (plant and microbial uptake) (Brix, 1993
Yang , 2001)
(soil water interface)
(Yang , 2001; Brix, 1997 Gray , 2000)
(Vymazal, 1995 , 2544 )

(Reed  Brown, 199 Gray , 2000)

(ND) (N2
(denitrification)
(Gray , 2000; Kadlec, 1995)



(Gray , 2000)

(Reddy  D’Angelo, 1997)

TWeB 7

NH3

Volatilization

N2

Fixation

N,O, N,

v

H b4 '
31 2.4 mstinia lulasouluiuigmi

. Mitsch  Gosselink (2000)

I'mn



22

3)
pH
HP04«--) hdo;t Ht
HP04'«—-) HPOL+ H+
HP0Q«—-) PO& + H+( 25
B
q
25 25
. Freeze  Cherry (1979) (2544)
1
/
(mineralization of plant
litter) (Redady , 1996) 1
/ (sedimentation)
(deposition) (absorption) (precipitation)
(Klomjek  Nitisoravut, 2005)
Yang (2001)
(alkaling wetland) (acid wetland)

(Gray , 2000)



2.6
© Mitsch

(absorption)
( ,254)

(complexation)

Gosselink (2000)

Inflows
Alr (runoff,
tides, etc.)
==  Plantmicrobial uptake ¥
Surface / AN a3 Sedimentation
water \ SOP —» PO \ o
i Particulate =7 Particulate
Oxidized. ' . T organic P ey s Xt i B Adsorotign . organic -
ol fayer - [ PIR L sop POThiaciphaior Finduding Carb.
o




2.9

(Tam  Wong, 1995)
rhizosphere

(2549)

{Rhizophora m cronata) (Avicennia marina)

oxygen demand; BOD)  72%  66%
63%

(Rhizophora apiculata)

Hoagland solution
90% (2547)
(NW)
25 (BNW  25NW)
SNW
Chy (1998)
(Kandelia candet)
(NW)
25 (BNW - 25NW)

98% 2NW - T5%

24

(hiochemical
2%  70%

58%, 5% 5%
(2541)

80%

NW SNW



(Avicennia marina)

(Rhizophora apiculata)

3 7

(Bruguiera gymnorrhiza)

12

2

8

2
2

(Ceriops tagai)

(Boonsong

(Kandelia candel)

8

25

(vilot scale) 100x150

(Bmguiera cylindnca

7
2002) Ye (2009)
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