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Summary

In recent years increasing the disposal of wastewater has caused the
acceleration of the eutrophication of receiving waters. To alleviate the
detrimental import of wastewater discharge, removing the major
nutrients and organic matters contained in the wastewater is a pressing
need.

The several conventional methods have been effectively applying to
treat and dispose these substances. However, the operating costs and
energy consumption in these methods are relatively high. Especially
rural community, the various situations of local community have to be
considered in development of wastewater treatment system. The
objective of this study is to estimate the purification potential of the
subsurface flow wetland system.

For this purpose, the laboratory scale wetland system are designed.
Activated carbon (A/C) is used as this bottom of the system and two
species of plants, Amaryllis and Reed, are planted on the A/C bottom,
respectively. So three types of systems, that is, A/C only system,
Amaryllis+A/C system and Reed+A/C system are used in this study.

The results obtained by this study are as follows:

1. In the early stage of experimental period, BOD removal rates of all
systems are 20%. In the later stage, the rate is 35% for A/C only
system, 65% for AmaryllistA/C system and 50% for Reed+A/C system.
For TS, the removal rates are 20%, 40% and 30% respectively. This is

due to the microbial assimilation, anaerobic and aerobic decomposition.



2. The average removal quantity of T-N is 2.6g-N/m’ - day for
Amaryllis and 1.76g-N/m’ - day for Reed. For T-P, these numbers are

0.27g-P/m’ + day and 0.25g-P/m’ - day respectively.

3. Removal rate constant with the retention time is 1.4494(1/day) for

BOD, 0.5428(1/day) for T-N and 0.5287(1/day) for T-P.
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Fig. 1. Free water surface wetland design.
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FEie] kAol A= Aol P wol =AFA Il ofsf e A vH(Rik
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—dC — e = -y (2-1)
o] 7] o A %f - BOD, T-N% T—PAAL%(ng/ ¢ - day)

C: BOD, T-N% T—P 5%(mg/?)
k: BOD, T—N % T— P AAEE4(1/day)

2 2-1& Agste] 73k Cook Cp, 03 tAolol A 4

q
“dC f
J &=k a (2-2)
Co ¢ %= BOD, T-N & T-P 5 %=(mg/¢)
Gt AZF ¥ =5 = BOD, T-N % T-P s%=(mg/¢)

t © AFAlZHday)
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Fig. 3. Schematic diagram of experimental apparatus.
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Table 1914 AHuw 49 95 o4Aeg Wise FEEEe
BOD 68.4mg/ ¢, COD 63.4mg/ ¢, TS 730mg/ ¢, VS 320mg/ ¢, TSS 27.0mg/
¢, T-N 785mg/ ¢, NH3-N 45.2mg/ ¢-, NO3-N 16.7mg/ ¢, T-P 81lmg/ ¢ =
et

AP oo FARNE FAeq FAAWEEl uteh Zgseloh

1z

Table 1. Water quality characteristics of used raw wastewater

Parameter Unit Water quality(mean)
Temp. T 17~18
pH - 7.03~741 (7.35)
BOD mg/ 4 53.6~76.5 (68.4)
CODwin mg/ ¢ 48.0~76.0 (63.4)
TS mg/ ¢ 570~950 (730)
VS mg/ ¢ 180~480 (320)
TSS mg/ ¢ 12.3~48.3 (27.0)
T-N mg/ ¢ 62~89 (785)
NH;-N mg/ ¢ 31.8~68.7 (45.2)
NOs-N mg/ 4 13.6~21.1 (16.7)
T-P mg/ ¢ 6.6~99 (8.1)
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Fig. 4. Removal rate of BOD on each advanced wastewater treatment

systems.

_21_



2) TS 2 VS

Fig. 5& 7} system® TS % VS9| & AAES YERA Aol 1
HolA/l H™MW TS AAELS A/C system, Amaryllis+tA/C system,
Reed+A/C systemol A Z+zF 20%, 40%, 35% % e, VS A7A&S 2zt
Zy 20%, 55%, 50% % EF I, ZF system® VS #HAE&S Amaryilis+A/C
system¥ Reed+A/C systemo] A/C system®th ZA Yebta o)

TN EE ol &3 HYFAdA ed=dS A, EFdAtl
2 Az oF w3t nAdEel o3 WIS ¥t =24, 3454,
AETH R4S T3 AAAGT st HHans, 1994 ; Lucy 5, 1991).

Wb, AES A A S VS AAE] A/C systemolHT =
A Yelda g o= A/C systemollAE =R 9 of32go) o 3)A
W TS7F AAHDA T, AES AL systemEAA= AA &S o3
Ahae] F sol oa e o] FrbAow gstglry] wiitelt
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Fig. 62 Z} system® T-N AAES Ueldl Aotk oA B %
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A&s YEa 2l

0 T f1daE AdG ARz AAH, fF1E2xE 0% 29
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ool S1gjel A4 Aem A 0 A 80 Meteal 5 5, 199).
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Fig. 5. Removal rate of TS and VS on each advanced

wastewater treatment systems.
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Fig. 6. Removal rate of T-N on each advanced wastewater

treatment systems.

Table 2. Unit removal rate of T-N with respect to plant species
(Ozaki et al., 1993)

) Unit removal rate
Species

(g-N/m’" - day)
Water hyacinth 0.7~1.73
Marigold 0.48—0.61
Sorghum 0.96~1.27
Papyrus 0.66~1.48
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Fig. 7. Removal rate of T-P on each advanced wastewater

treatmental systems.

Table 3. Unit removal rate of T-P with respect to plant species
(Ozaki et al., 1993)

Unit removal rate

Species (g-P/ur - day)
Water hyacinth 0.155~0.3834
Marigold 0.16~0.171
Sorghum 0.15~0.26
Papyrus 0.1~0.22
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B Ao Amaryllisdl 23 T-P @A A= Z7]d+= 0.19¢g-P/
m - day, o @A AZES 055g-P/m’ - day® H 027g-P/m’ - day ©]
A3, Reedol &gt T-P @AAHL Z7]ol= 0.13g-P/m’ - day, U
0.44g-P/m - day® H 0.25g-P/m’ - dayE e

Table 3914 Asry 2 Ao o] &H Amaryllis®t Reed’} THE A&
of vl T-Pe @elAAZ]l A detvda dve= As & & de ),
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2. AMFAlztol| IHE MAHSEY

Table 4= 2 w3 AmaryllisE L systemol Aol AAEES

of\
o
=

1) BOD AlA

A7 & AET9 BOD T%tv 24hrol A+ 165~555mg/ /4 2
23.5mg/ ¢ 2 YEMSEAL, 12hrol A= 21.6~35mg/ ¢ = B 33.4mg/ ¢ = LHE}
Wi, 6hrol A 255~372mg/ ¢ 2 Hi 35.7mg/ ¢, 3hril A e FE5F %
7} 269~422mg/ ¢ 2 H 4l.1mg/ ¢ 2 YEFGY. ZF A FA|TH] wE
T AAEL D7 656.0%, 52.9%, 49.6%, 42.0% = EIGEO W, jﬂ%‘?’z‘l‘ﬂ'
Aold+E BOD AAES T7H= Ao

\&

=Y

o,

g @utn s W, gt gL AaTTe A 2 HBsl-571%9
FEol WEre AsAed BARES FAAY, dW, AIZNA o
4% f718L olsiuas Hgor RsjAA 1 A3 BOD/ weban

mela ATl A4 AAEe] wA YEUR dE ol A4t
Aol HEA k] Ao} of Aol B

2) T-N AA

AFA] WE T-N 5% a2 4w nw 2dhro] A= BTt 4566mg/
¢, 12hrol A= H 61.3mg/ ¢ & YElsta, 6hroll = Ht 66.5mg/ ¢, 3hr
o = 1t 69.2mg/ ¢ = YERSLAL, ZF2be] Al AEL 400, 221, 155, 12.1%
2 vephg,

NH;N AAE ds-g2d o

rot

g3t v el o F, A%l o
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Table 4. Experimental results obtained by Amaryllis+A/C system
(unit : mg/l

24hr 12hr 6hr 3hr
Influent 67 70.9 70.9 70.9
Bop  Efftuent 235 334 357 411
Removal rate
65.0 52.9 496 42,0
(%)
Influent 747 63.4 63.4 63.4
cop  Efftuent 246 922.9 355 397
Removal rate 67.1 63.9 44.0 374
(%)
Influent 480 730 730 730
TS Effluent 288 460 515 530
Removal rate
40.0 37.0 295 274
(%)
Influent 235 319 319 319
Vs Effluent 106 155 202 939
Removal rate 54.9 51.4 36.7 95.1
(%)
Influent 76.1 787 787 787
N Effluent 45.66 61.3 66.5 69.2
Removal rate
40.0 922.1 155 12.1
(%)
Influent 304 276 276 276
Ni,  Effluent 24.8 24.4 2.1 276
Removal rate 184 13.1 5.4 0
(%)
Influent 9.62 9.09 9.09 9.09
rp  Effluent 7.22 773 8.17 8.37
1
Removal rate 95.0 150 10.1 79

(%)
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3. MAHS f

H
0>
+

r]I.

lo
BN
2
i

S maryllisE A, AF A7 3hr, 6hr, 12hr, 24hre] 2@ xA0
2 ZF whgxe] wRAAHNA HI AR FHAREY A3E EUYE vEex
el A A F Al 7k hydraulic retention time : HRT)el w& BOD, T-N
T-P 5% #A4% Fig. 8 ~ Fig. 11°] 7t7} vepuiqdot.

, Bbgx W] AFAIZEel wel BOD, T-N, T-P9] sX=7}
H S & 4 Ay T3 BOD, T-N, T-Peo] AASEEAL 14 vt
SAo® Fdo| 7hsshal, A(3-Dell ATl 5, 1995 5 L &,

= exp(—+F&-9 (3-1)

C/Co

- C/Co =e-1.4494t

0.1

0 0.5 1
HRT(day)

Fig. 8. BOD removal with hydraulic retention time.
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| \

C/Co =e—-0.5428t

C/Co

0.1
0 0.5 1

HRT(day)

Fig. 9. T-N removal with hydraulic retention time.

1 r O\@
o i
S i
O C/Co = e—-0.5287t
0.1
0 0.5 1
HRT(day)

Fig. 10. T-P removal with hydraulic retention time.
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2 A3 A dojzl BOD AASEE A= 1.4494(1/day)Z2 YERY AL L

L

o},

TLH(1996) & =& o83 FAMHAY AdolA T-N AAEE
0258~241x10 “(1/day) vt  HWist  di, RIF199%5) S& 33
(Tagetes spp., Impatiens sulatnii)®} AL 2 = (Papyrus)s < i
AN T-N AAEESTE A2 Ed A= 0.350(1/day), A2 =4+

1.221(1/day) & ®.a1slal Qltt.

e 05428(1/day) = YHERLFIL QLT

& AFolA T-N AASE=
o] &g FHINAL AFNA T-P AAEEE 3.0

T (199%6) 5& =<
x10 *(1/day) 9 that B 3183 9lth,

B Age A T-P AAEEASE 05287(1/day) &2 UERFa 9ok,

ol g3t ol BhE olf B2, 4B FF, ASAI 2 54 Fol

g27] Wil were.
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1. A/C system, Amaryllis+A/C system 2 Reed+A/C systemo]* BOD
AAEE 27)d RETF 20% AEZ VERGA T HE AALS 27}
35%, 65%, 50% M52 vEbwkal, TS AAEL 242 20%. 40%, 35%
2 e
&7 (Blank)?l A/C systemel] A 2] BOD #A1A= A/C w¥e] H-%
nAEE ogt U Fal7t Facle] @ AolA vt Amaryllis+A/C
system¥} Reed+A/C systemolA & &9 AFrdFol <3 37 2
A7 AESH EH7 7hestd ] WEoldt #dd

R

2. A/C system, AmaryllistA/C system % Reed+A/C system®|* T-N
AAE&S 72 15%, 40%, 25% = YEMWEal, Amaryllisoll 213 Gt ©k
AAAHEE 26g-N/m' - day, Reedol 93 Hit GPAAHES
1.76g-N/m’ - day® Amaryllis7} Reed®.t} T A A Zo] oF 150 A=

& = A= ), ol Amaryllis7t Reed® T nj A &0

o
=
W RelaEe A% F47 wel] Wiele AleiHth

3. A/C system, Amaryllis+A/C system % Reed+A/C systemol|* T-P
AALL 22 15%, 30%, 25% = WSt Amaryllisol °|3 H+ o
AAAEE  027g-P/m' - day, Reedol <93 Hit GYPAAHEES
0.25g-P/m' - day 2.2 YElaL &S & 5 UATH
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4. B AgA 3 6, 12, 24hre] #|FAIZF 57+ BOD, T-N, T-P9] A
Aads AR g AABAE Y-S 213 5 gllon AFA

Zt 24hro A o] FHol AIAEES BOD 65%, T-N 40%, T-P 25%= 4
B}k

5. Amaryllisol 23 BOD, T-N % T-P¢| A A¥E-& AFA 7ol u}

#1402 Jed 4 Ad9a, AASEE A= 7217F 1.4494(1/day),
0.5428(1/day), 0.5287(1/day)®= 4F= = At}
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