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Abstract: In this study, the vertical and horizontal flow wetlands were combined in series to create
conditions for flow in the exhalation and anaerobic state with the aim of monitoring the variability
and reduction of dissolved organic matter in the bio-reactive artificial wetlands, and the performance
assessment was conducted as acrylic reaction groups by designing artificial wetlands that filled the
functional residuals. In case of artificial wetlands in vertical and horizontal planes, the concentration
of dissolved oxygen (DO) in the reaction tank was measured as 2.7 mg/L in the vertical flow
wetlands under exhalation, and N.D. in the horizontal flow artificial wetlands under anaerobic
conditions. The test was carried out by changing the operation time to 140 min, 80 min, and 60 min.
The test was conducted with the same natural operation time of 20 min depending on the operation
time. All hours of operation were shown to be due to microbial activity. In 3D-EEM, it was found
that the longer the driving time was taken, the more reduction the organic compounds in the areas
of insoluble human resources, IIl and V. Further research on the mechanism analysis of future
reduction effects is expected to be carried out, but the findings are expected to contribute to the
development of technologies for reducing obfuscated substances using artificial wetlands in the
future.

Keyword: DOM, Artificial Wetland, EEM
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(fulvic—like acid) 0.2 A= 11, AEHHFEAL o
E

o ol @ Hd=d ) Mg 7)ot 8 % 2o} AtK(Hudson 2007),
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ol Al FakekA ol Aol dafe nlA7] wieel 7)ol BsbE Tl olu|wAl 97]4F )ad
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Table 1. Chemical composition result of the ceramics media(wt%)

SiO, ALO;3 Fe:03 CaO MgO Na,0 K0 TiOx
57.8 22.6 12.25 1.88 0.93 1.21 224 1.91
P20s MnO Zn0O Cn0Os PbO 7105 SOs Ignition loss
0.21 0.09 0.01 0.03 0.02 0.306 0.09 221

EABY AL A Y] B, A at Al ghs, 1
T Ao Rl oste] A e &

o=t} (Malcolm 1985; Steinberg 1985), 95 A
10 A2 A oA 9] HiFES] DOM+= A Well

=
Feth, ogt R EEL A
S ugtoluf fEof ofsf iR
o YRR o|FuEm 1L A7 €Y EH R lF
HidEe Ay Adar1ede] £8 4
THWetzel 2001; Hur 2006)
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1. CHe OFxH

& AtollA B8 oAfle = EE] AY
(Si02), 8 A A KAISiO308), 8 2 o] A} o] E
(Al203-2Si02), 712 (H3ALSi209), AFE A (FesOs),
4% ([FeO0H), WUl eto|E 6502 o] Fo]A
Atk A= AP - x4 &
AX AFE o, A% 20 dF Ax A 50 -
100l 10 - 30 2, &5 A= Al 22 L= A]
LAZEO & 8 Ti-8-2 13% °[8t2 313t oA
o 248 24 =0 100 — 200T 2] 2= ol A
FYE o] 20 - 30 & F% 550 — T50TTHA] 5-&A]
71 %, 750 — 1,000C4] == WA 10 - 15 &
2 24519e), o] FHRE S, Al Y Fo 5o
W 1 upe] AE s 24 o) oe 2
Table 101 A A|5}%Ict,

2. MEHLS IZEX| M= Y AIM HH
AERS A FE5A = SRR EAFEA

(vertical subsurface flow artificial wetland, VSF—
AW), HA]8}5-52918<54] (horizontal subsurface
flow artificial wetland, HSF—AW)=& o]0 A4 it}
VSF-AWS} HSF-AWE of3E W3- & A4 5t
= APz 5348 5o] Lab Scale A9 Z3¥5H3
ot HRe20) Al Y B R (HH e GATA S A
2 9 )-89 mird 2016)0 A4 B v Y-S
Zraste] A A Tl 200 x 200 x 1,000 mm
719 FHEFNES M G FREE A
I, A ool AHEw] 2:1 H]&2 600 x 300 x
1,000 mm F7]9] VSF-AW £A23, A WA tho]
2] 311 oA HI&2 1,000 x 300 x 1,000 mm
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Flow Tank \/SF-AW

Influent

—

Effluent

=719 HSF-AW HA R3S A3l Bke-2 U 2h oA Afoof 2Hd Y E WAy o] o3t AE A
FAE oAf= VSF-AW A EFo] 5 - 8mm I 28-S 53 AoEES £Y 5 e= ugE A4
719 SAZjeF 15 — 25 mm 2719 RS 2730 em ot} H AHL F2AH O R Alo|H A4S TgEl=
xO|% et shrol SRS HSF-AW SAE dz dggapol feFagzel Y T AA=
P15 — 25 mm 2719 AR E 60 cm =o| &2 F2 SHEE Blo|mz 7HeA WAooz SAEn &
sl S stk ZAAIZH: Table 201 YrERH ST, skt &3t A

T sk 24U 9] floted 2 AFlM 5 e o) Afo)H B9-S o] 9sx] ok R
< sk A Hky SHAE B4kl v 24 3Z(Shenchen Pump, YZ35)E AM&3to] 99142
= o1lth, 78 s vt =2 oY Hat Hhe 28 L3Skt VSP-AW 7|208 9/ 4
A Fro 2AE Fol SS9 vE+= 14.8 - 59.2 e 90]-As-2AZ7] Loz e HSF—

mg/L, T-N9] 5%+ 4,260 — 8,544 mg/L, T-P%]
2 0.276 — 0.894 mg/Le] HYZE AAsto] A
T AsiGict, £ v SR 2= 9
SHA| 7PAZIAIE S A= o] HEA tieol 4
7t QAR 2 FUEA kAl wsol gl
2 AEE FY7 T a xRl FYEY HE

Aol oJsf s Fe)7E dojupar A Fgoll =2st

AWE A} §EHE GYOE, HA%7|L VSF-
AW W29 27| Y F 33 Aolo] BT F
Nt 3EE 4+ UES D715 wEEE Agelnt

(Fig. 1).
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Table 2. List of environmental parameters used for the prediction

Total running time Reactor running time Aeration time
140 min 120 min 20 min
80 min 60 min 20 min
60 min 40 min 20 min

A& HF= et a5 Aaesto] ol3keh4]

2351} =L (temperature),

pH(hydrogen exponent), DO(dissolved oxygen)

¢ 9 VSF-AW, HSF-AW {f+&0l|A] 2t 35
A7|2 A 2459}

2) ANE2| Mx2|

FHEAS SlE Alee A o] B astol
M 0,7 um GF/F (Whatman, Germany)® o3}
3kolth outE A|E= UV-VIS spectro photo—
metero A 254 nm 4= ko] 0.1 o3P} H= &
3Asto] §E F71E AA7E S
£ = JgFre Al 519 th(Baker 2001; Lee
2016). E3t, 1 N HCIZ pH 3 o|3t2 243}o] pH
7F e 1 5ol EAshes 5020l $ERTIE
O AMAG 7)o Adste] A FHAHE
A 4= 9= 74 vl AISEATHChen 2003).

she oz 4

EYS 7t

g

3) H&X|H(Fluorescence Index)

Mcknight et al.(2001)= of7]1}4 Ex370 nmo||
A 2% rZ2u A" EH O] §3A|7] Em450/
Em500 nmE F+5}0] &334 E (fluorescence index,
FDE AAeka, WG 9 744 719 55
skoict,

4) 9 X|E(Humification Index)

Huguet et al,(2009)= 7|3} Ex254 nmoj| A
ZA% ey A EY ] A7) Em(435 -
480 nm)/(300 — 345 nm)2] H|E Lale] A
(humification index, HIX)= A|A]dt% 1L, 3D-

EEM(3D—Excitation Emission Matrix) Aol A %
S| A Yepdti= A5 B shylet, E3t
°olg &3l RERE fUE B 47159 Fs
A s AT AR 2 &85 4= QIth(Park 2017).

5) M=stX X|H(Biological Index)

Huguet et al, (2009)= 17]3}4 Ex310 nmoj| Al
ZAsr vr&uld A" E O §34A 7] Em380
nm/Em430 nm® #& F5to] A =4 A&
(biological index, BIX)& A|A|5}9 1L, Park(2017)
< SE2R7IEY G728 A4 s &
ol oJgt AR 7S AAshe AR A A8}

6) 3D—EEM(3D—Exitation Emission Matrix)

3D-EEM: of7] 2 & T sbggo] ohef 241
2.2 9] 27419 ol 344l 4@ Pold +

L
QL

Figure 2014 Wen(2003)6-2> G422 19 11,

IV 9] 49 ohett ok 9 v s faket
& lom, M9 ¢ it fA=4, vy
O] A FUAHEAD T FARE 7187 B A
il A ASHE T, E3F Coble(1996), Stedmon
(2003)5-2 4H, B, 54 A 4 7]et €4
o 22 e R ERE fEE R 82
F71EE dRE a4, G FYAEH] =

£ o]gu o]9] Fefo] 242 2R 11, Ve 1

_\3
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spectrophotometer)i= Hitachi F~70002} 10 x 10
mm =7]9] 4% A GAS ARgsto] SAEA sl
3D-EEM 2 tsl7] 98 o] 7] 9% (excitation
wavelength, Ex)-& 200—450 nm, ¥4 (emission
wavelength, Em)-2 280—550 nm H$¢]ol|A] &3 (slit)
= 217 5 nm=E MAAIA FFA7IE S5,
F718S A3 Blank A B2 EE FFEA
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AN &8 F25Y #2, pHE ST 43 247}
12.16 — 13.67C, 5.05 — 5,1094 A} e Ho] 2
Zpo] 7} Ho|z] okgtet, Mgk 4 A} g2 Table
30l YeR it
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T AAET|E VRO RN DA OR oAt T
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3}% HA DOY| BEE 2.0 mg/L oA HE&
FAE AOZ AABEAL §lo] VSF-AW HA| 22>
ol B R L R o ) g ] el T A e = E?ﬂ
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Table 3. Each reactor measured value

Influent VSF-AW HSF-AW
Temperature 12.16°C 13.67°C 12.95°C
pH 5.05 5.08 5.10
DO N.D. 2.7 mg/L N.D.
25 - fc 241 :15_;
83 R J . 3.69
o] = ;
a7 350 2.90
50 205 55
Influent Effluent Influent Effluent nfluent Effluent i Influent Effluent Influent Effluent Influent Effluent
140 min 80 min 60 min 140 min 80 min 60 min

Figure 3. Fl(fluorescence index) analysis

A} F19| glo] 19] 77242 EoF §7122 A4
o 71918 & 4 Aol
& AR ANSIGCH, 2] Fhees A
A 7198 71 AAAA 82 A §71E o] B
Azeka A A,

HAE F1¢| -2 Figure 30 AXIS ko],
AAZE 140 min®] 79 fr4lo] 1.84, f+&0] 2.11
271910, 80 min®] A% §AT §Eo] 5
1,83, 60 min®] A% $-9l0] 1.47, §=0] 1.699]
7bEl ghe wolh, ol ATLA ) WSS AR
71908 744 AR A $2 4718
oirha s

o reb

A

_lz\ig\;

23}
137}

oz

o

i
o=}

3) HIX(FUX|E) 24
Huguet(2009)°ll 4 F2 2] 3£2] HIX+ of 7] 2h7
Ex 254 nme]l i3} 43 H=E94 Em(435 — 480
nm)/Em(300—345nm) o] A fluorescence intensity
A5 HE2 UEhd A== AAISHL Slet. Zsolnay
(1999)& HIX® #ho] =545 f71= 4ol 3
% gebtzrt won, fy
& TEE o) 2ol AU AXST Yow, ol
ol R 2EE FUE B
% Q

defre AR 26T ¢ ol sl E3

Figure 4. HIX(humification index) analysis

w

1.08 1.14 10
1.06 1.04 09
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F 9
o], @AAIZF 140 ming] A% $-9lo] 2.90, &=
4412 Z71E9 o, 80 min®] A9=E §9, &
o] 3.69014 4,53% F7HH S YTt 54
A7 60 min® B9 Fdol 2.05004 FEol
19220 "ojZl gh& Ueht}, ol &HAIRE 140
min, 80 min®| ¢ w]dE ZFo] s dofut

& 7= 2oAA e =2 = Qs HIX 2

o]
—

Figure 5. BIX(biological index) analysis
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A g712 e AEe
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A3 HIX9| #k2 Figure 4°] AA|3l &
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4) BX(428H X&) 24
Huguet(2009)ell Al &3] 2] %21 BIX& 7]
7 Ex 310nme] Hisf S W=
380nm/Em430nmof| A o] ¥&ul4 v|E
olg}al A A5} T Lakowicz(2013)2 A3 Z
#91 BIX 42 %3%715—4 *“’“*1719} Jg /‘1

22 AAHAT E3F BIX Fho] uat} Sk} Ul*&‘g
of 7191 DOMJ} A8 Aol om0 6rr) 2o
Eofoll 71918 DOMe| 7H7fehar shict,
AJETEA A 3#Q) BIXY] ZHS Figure 590 A|A 8]
on, FHAIZF140 min®] 79 9] 1,06, F

Influent

20 1.159] LS Uehglon], 2417 80 mind)
A% 99001 1,08, $20] 1,149 3t hehirt, 5

o
:10
iR

A S7AIE 60 mind] B9 94 530 BT
1.049] 3He YeRSlet o] 140 min, 80 min,
60min 5% 12T} A u]Ag=o] 7|18 DOM &2 9]
2fal ke o)

5) 3D-EEM £4

Algurdo] A8 E2 Figure 2014 d¥tdo=
19 I, V7o) 79
ARETE 3 9low NI+ 9] 75 )
Ve 9] A9 FuAHFE AN T fARE 7S
& Qlokar A sk

QA A)7F 140 min, 80 min, 60 min®] 3SD-EEM
45 Sl 3t FFA71E Sigmaplote ©]-8-3f

Figure 6—8¢] YeR i}, &4 AIZE 140 min, 80

F et TS A e 7

12

Bl G,

)

Effluent

Figure 6. Result of 3D-EEM(Running time 140 min)

Influent

Em/nm

Figure 7. Result of 3D-EEM(Running time 80 min)

Effluent
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Influent Effluent

Em/nm

Figure 8. Result of 3D-EEM(Running time 60 min)

min, 60 min®] A% H%F 7k 1o s AaETt Zo] 243} Wen(2003)2 3D-EEM & 1= S &
7} = AL B 4= 9)t}k 3] 140 min, 80 min, 60 &2 Akkste] oA 791 FRI (fluorescence regional

min®| 79 M43 At fAHEA T VA2l integration)& 7H¥alct, 7|29 EAH glojHE

] il
FUAEAAD ool ol GA AgE Ae & 7122 519 YL Figure 295U 7& &
a QI o Vo) & e FaA4l & Jokgla 2 hE @3 (mean fluorescence
AR gholld AMSIAAL, o= HEshd FUA 2 intensity, MF)9] g2 3D-EEM 241& 53 7813
g AFLR & 4 Ak dEe A= A HolE 74 77 0i(AE, IntegrallE H3t] #
A 5 291 Lee(016)ol 4 EF W 3 ¥ Ex/Em 999 0in gk 8 4= il

o A9 W7l oF 100d oldo.= AlAskaL gle], AFA AL g8 AldE oin 2 7 A4
AYFAE FEHS dFFAeM e FEald F 2 2 =Z= T2 Figure 9 — 110 YR
ABA AL FA 7)50] 3 Aoz dtE, o it APAEEL Figure 120 YeR ST, &
DOMt #igh £ ojef7hA] ¥ EEM w2 HAIRHE MFio} 05 #3 0in gk vlwetas 4
S99 T = Sle 24 7Ig0] FESI, 71§ IS A9t BE FoolA A &t 9l
3D-EEM 3% #3432 5 4 4& f71800M) = A& & 5 o 792 84 LHOﬂ A48t
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Figure 9. Result of intensity analysis(Running time 140 min)
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