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dE Qo2
< SUMMARY >
O Purpose
* Development of PRB-AOP linkage process technology to treat tetracycline
antibiotics in final effluent of livestock wastewater treatment plant
O Contents
e Analyze the concentrations of antibiotics by analyzing the influent, final
effluent water, and stream water from the livestock wastewater treatment
Purpose &
Contents plant
e Design and production of PRB considering the treatment capacity of actual
livestock wastewater treatment plant
e Selection of AOP technology for efficient treatment of adsorbed
antibiotics after PRB process and development of optimum reaction tank
e Development of PRB-AOP process for |ivestock wastewater treatment plant
application
O Development of PRB method for the adsorption rate of 95% adsorption rate of
tetracycline in final effluent of livestock wastewater treatment plant
Results O Selection of optimum AOP technology and development of optimum reaction tank
for over 90% of decomposition rate of adsorbed tetracycline material
O Development of PRB-AOP combined process applicable to final effluent of
livestock wastewater treatment plant
O Technical aspects
* Development of additional process that can be applied without existing
process change to remove antibiotics remaining in final effluent of
livestock wastewater treatment plant
e Development of process with higher adsorption rate than existing
adsorption process by adding PRB process
e The adsorbed material is decomposed through the AOP process and converted
into environmentally harmful substance, so environmentally friendly
treatment is possible
O Economic and industrial aspects
Expected o .

Contribution . Qalculate the amouht of electr|0|Ty and chemicals between.AOP technglog!es
in the process design process, which can be used as a basis for estimating
the minimum cost for future antibiotic treatment

e |t is anticipated that adsorbent regeneration will be possible by removing
antibiotics adsorbed on the adsorbent through AOP technology
O Social aspects
e |t can contribute to the fundamental solution to the problem of
antibiotic-resistant bacteria which is currently a social issue
e |t can contribute to the conservation of water resources and the
conservation of aquatic ecosystem by eco-friendly removal of trace harmful
substances in the water
&;gf:xgﬁii Advanced Permeable
Keywords Tetracycline oxidation reactive Linkage Process
treatment .
. process barrier
discharge
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Ct. Figueroa—Diva et al.(2010)2] 7ol =M, MEQ} &2 ELXE0 H EEIAOIEEIAH 20| Mo}
dotol=ELt Fs8A S ofE =20 vl F& O & == A2 2% 8t ey, o= HEzZ}
Ato| 22IAH 20| 2ol B (cation exchange) HAUESZ HERN FF0| == H2=Z LEGCE
(Kulshrestha et al., 2004). Pan and Chu (2016)2] =&0Al= HEZIAO|Z22IA EZ0| CtE2 =
ol dlaf ujFLE EOLE, 2, 20(2 Z2 & TEO AE SHE 27 |= A2=E ZAtE

HE ACH B, A S(2016)e AFoME 3ol &
SSHHEAM oflmmat=of tHALM S| HEf= HSHH, OI ol

LBnksj =g

SH=2 Ry Ro Rs
Tetracycline H OH H
Oxytetracycline H OH OH
Chlorotetracycline Cl OH H

a9 4 HEeAe 2 AR T2

¥ 1. HEZAIo)|ZFHA FAAEZ] EA

Tetracycline Oxytetracycline Chlorotetracycline
CAS Number 60-54-8 79-57-2 57-62-5
3 oSk L2 TR
SHEl e TR A
’ (2™ == Hhs 29
2154 C2oH24N20g CooH24N20g Co2H23CIN2Og
=Xt (g/mol) 444 43 460.44 478.89
T2 =(257T) 231 313 630
O HEZIA|OIZEEIA USRS FAMPAHOA JHE ol AlE=He= =2 F  stuolny, 59|
chlorotetracyclineZ} oxytetracycline0| SHMM ZA 20| AIZEC| O/ SHMERAE2 E2 AlI2Eo=Z 2
of FSAEHTMHE|MeRE ChYF RelEes W22 ZARE dHE JAcHMSAZcietw, 2011). £5F Choi &
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4o 27 42 X|FolET 0.03~90.90 uLe| E|EZiAto|EEIA SMER0| HE= HE 20|, o|FoE
T =22 =23 EIOAMOAL StE oA ng/L =2 # oz HAZEx Act. o|z{st dAS b
A5t 2 AFoME FSME e A 2BUFTAM FEE= HEZMKOIEEH SHMEES e
OFZ HF =AY ALY BEME FHoIUn, £ =FoM Eﬂ 2lAO| E2Ie] MAHE 2Ie AESEZH
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a8 6. AIRY TALAIE 2 9 5 km olU HMASES B

HAEYFAEZAL 2o 0 MA 1170 X FEol it $E A @ AIZESer ™Eden, =22
27.1~34.0 CT=E =At=}lct pHel A9 X7 XFoAM= 8.19~9.420|04, HFTHM2E XFHAAM=
7.41~9.4322, HFHM2|ZE XF@iAM Mz %2 pHE HEJct DO2l &9 X7 KI?.;.*OM
6.20~10.70 mg/Lolod, H X z2|Z X|™HolM= 4.64~7.90 mg/Lel HYZ, HEHMH2E vjESFollM &
2 DOE E3ch
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DO(%)

DO(mg/L)

pH

2018.07.17.

ZAHK|
ES!
AN-F-GH

10.

i
ar

27 .1 7.41 7.90 99.2

11:37

——
1o

~

146.0
89.4

10.70
6.55

9.42
9.39

31.4
31.9

12:40
14:13

2018.07.17.
2018.07.17.
2018.07.17.

AN-T-MR
AN-T-N
AN-F-HC

28.7 7.87 4.64 60.0

16:28

-

=l
7ol

70.0
96.0

5.07
7.28

8.65
8.67

32.5
30.9

2018.07.17.
18:22
2018.07.18.
9:30
2018.07.18.

AN-F-SJ
AN-T-KH
AN-F-GW

29.8 7.83 4.68 61.0

11:10

ok
e

2018.07.18.

AN-T-W

86.7

6.20

8.67

33.2

13:01

ujo
EL!
il
oF

8.19 6.90 95.6

32.6

2018.07.18.14:5
2018.07.18.

AN-T-NS
AN-F-AD

32.9 8.18 6.85 95.0

15:43

o

04

104.2

2018.07.19.

AN-F-SC

34.0 9.43 7.57

13:28
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E 11, SMEHSHEE $RS: EAES H 24
Method Instrument
DO -
¥ YS! Pro 1020
P (USA)

Water Temperature -

TSS Total solid dried at 105C -
CODmn Acidic Manganese method -
100 High—temperature combustion Shimadzu TOC-L
method (Japan)
T-N Oxidation method
T-P Ascorbic acid method
HACH DR5000
NHs—N Phenate method
(USA)
NO>—N Colorimetric method
PO4,-P Ascorbic acid method

o ) . ) Perkin Elmer Optima
Nitric acid digestion

Heavy metals i 7300DV
ICP analysis
(USA)
o SPE method Shimadzu LCMS 8050
Antibiotics .
LC/MS analysis (Japan)

[ Water sample (500mL) 1

+— Filtration : 0.5 pm membranefilter
« Add 25uL of Tmg/L Ma;EDTA
+« Adjust pH 2 with &N HC|

b

SPE Cartridge
(Oasis HLB, 200 mg, 6 cc)

+ Precondition: 4 mL Water, 4mL MeCOH,
4mL Water, 3mL Water with pH 2

+ Sample leading: SmL/min

+ Diny: 30 min with air dryer

+— Elution: 6mL of MeOH (2 times), 6mL of
MeQOH:Acetone (1:1) (2 times)

Y

~,

N, Concentration

-

+ Final volume: 0.5 mL

h 4

i
[ LC-MS/MS analysis

_19_



12, zBdEof zeE =2 2EME st LC-MS/MS A=A
LC-MS/MS Shimadzu LCMS 8050
Column SHIMA-PACK C18 (2.0 mm x 75 mm)
Column Temperature 35T
Injection volume 5 uL
Flow 0.3 mL/min
A : 0.1% acetic acid in water
B : Acetonitrile
Time A (%) B (%)
0 95 5
Mobile Phase 2 95 S
6 65 35
9 10 90
12 10 90
12.5 95 5
16 95 5
lonization Electrospray lonization (ESI, Positive)
Interface Temperature : 150C
DL Temperature : 250C
MS Condition Heat Block Temperature : 400C
Interface Voltage : 4.0 kV
CID gas : 270 kPa
Area Area
[*10%4] [*10%4]
45 30 u
Doxycycline Oxytetracycline
40
. //
33
30 20
- 15
20 O
15 10
10 )
0.5
05 /
0.0 0.0
0.0 1.0 2.0 30 4.0 5.0 6.0 7.0 0.0 10 20 30 40 50 6.0 70
Cone. [*101] Cone. [*10°1]
Area Area
[*10"5] [*10°6]
15 . 40 cy . o
Tetracycline Sulfachlorpyridazine
33
20
30
1.5 #
2.0
10 1.5
1.0
0.5
0.5
0.0
0.0 10 20 i0 4.0 50 6.0 7.0 6.0 7.0
Conc. [*1071] Conc. [*10°1]
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Area Area
[*1076] [*1076]
8.0 . . 25 .
Sulfadimethoxine Sulfamerazine
70
20
6.0
50 1
40
)
30 1.0
20
05
1.0 1
0.0 0.0
0.0 1.0 20 3.0 40 5.0 6.0 7.0 0.0 1.0 20 30 40 5.0 6.0 7.0
Conc. [*1071] Conc. [*1071]
Area Areq
[*1076] [*10°6]
5.0 45
- Sulfamethazine Sulfamethoxypyridazine
-5 40
40 -
35
3.0
30
25
25 5
3
20 B
15 =
- 10
0s 035 =
0.0 0.0
0.0 10 2.0 30 4.0 50 6.0 7.0 0.0 L0 2.0 30 40 5.0 6.0 70
Conc. [*1071] Conc. [*10°1]
Area Area
[*10%6] [*10°4]
45 19
Sulfaphenazole Sulfaquinoxaline
40
1.0
s
30 0.8
25
06
20
15 04
1.0
0.2
05
0.0 0.0
0.0 1.0 2.0 3.0 4.0 5.0 5.0 7.0 0.0 L0 20 30 40 5.0 6.0 7.0
Conc. [*1071] Conc. [*10°1]
Area Area
[*1076] [*10°6]
35 . 35
Sulfathiazole Sulfisoxazole
3.0
25
20
15
10
05
0.0
0.0 10 20 3.0 40 5.0 6.0 7.0 0.0 10 20 30 40 5.0 6.0 7.0
Conc. [*10°1] Conc. [*1071]
O3 8. LC-MS/MSZ &4t ot et Z2lo| AN
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# 13. LC-MS/MSZ2 =A%t &t e E2o| HE =S4

Calibration range

Name Regression function R?

(ng/L)
Doxycycline f(x)=648.621*x+2521.75 0.9994 3.9 ~ 62.5
Oxytetracycline f(x)=430.986+x+90.7065 0.9977 3.9 ~ 62.5
Sulfachlorpyridazine f(x)=62610.7*x—27534 .1 0.9995 2.0 ~ 62.5
Sulfadimethoxine f(x)=120337*x+16999.4 1.0000 2.0 ~ 62.5
Sulfamerazine f(x)=36530.2+x+9374.40 0.9999 2.0 ~ 62.5
Sulfamethazine f(x)=77820.8*x+6910.30 0.9999 2.0 ~ 62.5
Sulfamethoxypyridazine f(x)=66042.3*x—2039.32 0.9999 2.0 ~ 62.5
Sulfaphenazole f(x)=69316.9*x-20024.8 0.9997 2.0 ~ 62.5
Sulfaquinoxaline f(x)=183.854*x+106.335 0.9955 3.9 ~ 62.5
Sulfathiazole f(x)=54948.3*x+30312.8 0.9999 2.0 ~ 62.5
Sulfisoxazole f(x)=53462.9*x+12834.9 0.9993 2.0 ~ 62.5
Tetracycline f(x)=3600.56*x+673.662 0.9997 3.9 ~ 62.5

S 2 SaE SIS 2RYE 24 B3}
m

TSS &4 Zx, H2Z X|&EAM 11.8 mg/LE 71 =20i, /™ X[™olM 2.5 mg/LE 7I&F @2 A
O F ZTAEUCE 3O 2 XF XHEE2 4.7~6.4 mg/LE ZALEACE H=x=XHe2lZE X[&™of st TSS &
A At 22 XM 10.0 mg/LE 7IE =o0{, ot X|FHoAM 2.8 mg/LE 7R W2 Hoz =

At=[ACH T 9 X[H2 4.5~9.3 mg/L HE0|0d, X|F XH™o| Hlsl =2 s HLIE Edct.

COD 2AM Zul Z35Z X|HAM 6.7 mg/LE 7I& oo, fAHM X|HA 2.6 mg/LE 7I& &
2 Ao 2 ZAEQCH I 2 X|F K™ 4.1~5.7 mg/L2 s IS 2ct HEX2E xIFHo
et COD 24 Zz, &M X|™olM 67.6 mg/LE 7IE =20, ot X[Ho|AM 4.2 mg/LE 7+&
22 Adoz =ALEAct I 2 29 XHM 9.1 mg/L HEo| sHMLol Hlsl HRA =2 Hoz
LiEttend, 7[EF X|™E2 st et |25t s HelE =Ech

TOC &AM A1, 232 X&HAAM 3.0 mg/LE I =onf, 4 XHAM 0.9 mg/LE & w2
RO 2 ZALE[YCE T 2 X|F XM 1.3~2.4 mg/LZ, 2Lza LMH X[H™olM 2 mg/L ol5t=
HlIA S0 2(H X|HolM 2.4 mg/LE H|IH £2 W22 ZALEQIch H$XE|& X|Hol|l chst
TOC 24 Zo X X|&EoAM 18.7 mg/LE 7I& =20f, o5 X|FHoM 2.1 mg/LE TI& %2

o

ZAE|QACE 9 XEel 2% 3.5 mg/LE =20, 4Fet oz X|HE2 2F 2.0 mg/L Hx2

o
H1 |0
mn

hi
Q
ful

> %
T

4

B
Ho

=z
T
4

= 0.511~0.576 mg/L2, 2E X|&F XIH™olM 0.6 mg/L 0|5IZ2 H|x=
& X|®™oll ek NHe-N 24 23, 2™ X[®™olM 56.904 mg/LE 7+&
X|&ollM 0.489 mg/LZ 7HE 2 AW2=2 Z=AEUCE 7|EF XHEE
2o,

MollM 0.154 mg/L2 7} =20, ¢|X X|HolAM 0.045 mg/LE 7}E
.3 2 XF XS 0.064~0.092 mg/L2 ZALE[QACE H X212 X|Hof
P XIEAM 1.278 mg/LE 71 =20, otE X|&EolAM 0.084 mg/LE Tt

e =28 29t O 29 XA
HelE 2oln, X7 XHECt MAHez =2 s& 2t
5 L

1.8 mg/L2 7t =20, /™ X[HAM 2.
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Aoz ZAEQICH O 9 XF XE2 4.7~6.4 mg/LE ZALE|QAct HHM2|E X|Foll st T-N
SN Z3} &H X|F™MollA 130.789 mg/LE JHA =920 AMZF X|F™o|A 1.843 mg/LZE 7}& &=
Aoz =AEQdct st 29 X™z3 s xXE2 24zt 5.759 mg/L, 4.667 mg/LZ X|F XHo
Hs M =2 T8 220, o5 X|™2 2.552 mg/Lel A2 ZA=QUch

XR7el 535 24 21t

o H[A2} JIEF, &, U, HS HEHX fgen, YFo|E, 72, H, Yzt derxel £Xo
Zxfst= 2&olE22, FFAAMT M XFHAM 74><5|o+q

e R0l S Hel= 0.169~0.978 mg/Loln{, HZ XFHAAM Zt& =1, X X[FHoM JtE H2
Ho 2 ZTAtE/Uct FElo] 5E HLE 0.035~0.119 mg/Loloy, 2t X|HollM J1& =o0f, WM
MR ™M JHE H2 HAo 2 ZAEUCH

e Ho|l & ®Hel= 0.172~0.992 mg/Lo|n{, EZ X|HOM JIE =2 s E¥onf, 2/ X[H
M7t S22 Ao 2 ZAEACH

o UZHS| AR & HWel= 0.015~0.095 mg/Lolny, 252 XHolAM & =1, X X[HoM Tt
U2 oz ZALEQCt

o ofodol AP F5Z X™IM 0.016 mg/L B2 ZAEAS0], LIHX| X|A2 0.005 mg/L 0|5t2

B2 o XHoAM o|F SHEAL dE=HA 22 A=z

« YR0lEe sE= 0.200~0.917 mg/L #Helolo{, sl XHolM =2, ots XHOM Z2 A2
ZALE AL

T2 SEE= 0.045~0.105 mg/L #Helolnf, & X[HolAM vlux 1 M3 XHM 2 A2
2 LtEtgot

+ HO| 3T 0.222~1.033 mg/L Helolof, 2ol X[HollM F1 o XHOAM F2 H2Z ZALE

o 7] S & 0.044~1.457 mg/L Helolnd, =t X|EoA EF X|&Hof vl oi? =2 =& EX
o, okE, ME MF X™ME 0.045 mg/L BEe 525 2%ch

o« M XM Es5| Bt XX 22| ZE(0.017 mg/L)=H LZ(0.042 mg/L), oted(0.166 mg/L)el &
SOt HIAY =2 Ho 2 ZALEUC

gt 2 - $E dxme Fd2, XF XA BolMe= TSS2E NH;-N2 M 2|st 2E 50l 252 XH

of £ SEIJHAZE =2 W22 LEHRCH ESH H a2 X™ =A 2o, 2™ XM =2 5

=71 o2 X[™Eo dHls 108 olak =ooni, Fef XM £ =2 S£E EHUct ol F X 4%

DOZF 4.6 mg/L M= =2 E} X[®™of| H[s ZE 85 20 DOt R7I2 ¥ FAHFC =7t M= bt

Hlg ZiAlel Hde=z HEQlch st & HaXME|E &5 S35/ A8, HE, otedel =7t

El X|&of| v|sl =2 H2=Z2 ZAL=[UCt

SY=E 2M A2 AEE $E AR Z2 XF™oAM AAISHACE olz] ofME ¥ E=FE A

- =10 = |-
=M 2 sdtfstn detd s 2 ARE 22510 2A5I%Uct &4 2 5o X7 XH
6712l XM2|& XHolM HE

pN|

=

al

=] =
2tAto| S A Sl =20l AE =X pUTt S ZAL Zof, HEZHA0|SE
Hlof Lol &0 & == Ae=2 ZA=0] M2|E el 81Xl &

1 o

=

HEAL, FH B0 SEE0 UAS A2z HHEN, 2AME oM 2BLFT X EA A|RE 4=
o
=
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0.15 1.5
V. Mn V. Mn
1.4+
__0.10 _
= =
(o] (o))
E Ei3l
[¢] 8]
c C
3 S ]
0.05 0.2+
7
0.1 /
] % 7
0.00- 0.0- /V % m m
F-GH F-HC F-SJ F-GW F-AD F-SC
Site Site
J8 21, X& X&E(#) & M XH™E(?)el Mn 24 Ao}
0.05 0.05
N N
0.04 0.04 -
- -
60'03_ 60'03_
£ £
g g
o 0.024 o 0.024
O O
0.01 1 0.01 1
0.00 T s J'%' T T T 0.00 T T R T T
T-MR T-N T-KH T-W T-NS F-SJ F-GW F-AD F-SC
Site Site
a8 22, A& XE(F) & HEMEE XEH(P)S NS 2
0.05 0.05
v ] Pb v ] Pb
0.04 0.04 -
o -
60'03_ 370'03_
£ £
g g
o 0.024 o 0.024
(@) O
0.01 0.01
0.00 _W oz A, . . .
T-MR T-N T-KH T-W T-NS F-GH F-HC F-SJ F-GW F-AD F-SC
Site Site

g 23 A& AEH((#) & HEMEE XNEH(F)S Pob =4 21t
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O Y FYo Ax|E FitH e Ao zBUFToM SHSH dEAEMHEE 5 ZuE FMalstH,
T2 He|= 17.5~249CE FTZ off AlZitfo| W1 2% AIZHHole =2 BExE2 HJct = AL
Hel= 2.80~5.76 mg/LE HR$ #H Xfo|= UL}, o= ZF AlMo| gEX|F Zie| xlo|E Helct
pH H?l= 6.28~7.77 M=ol X|&™ ZF 2 Xf0|= A=K Ltct

16, HEMEAMe zB3HRFS W S8 2UEY Ao}

A TAAIZH PNESIE =2 DO(mg/L) pH
12:30 215l 23.6 4.98 7.77

2019. 05. 08. 13:30 L 24 .2 4.70 6.28
14:10 a3 18.5 419 6.77

9:10 AH 17.3 4.65 6.97

10:20 A 20.7 5.76 6.75

2019. 05. 09. 12:00 Tof 24.9 4.00 6.88
14:40 ots 22.6 5.63 6.93

16:20 e (‘A=) 4.83 6.62

9:20 | 17.5 4.65 7.07

12:00 &hot 19.4 2.80 7.00

2019. 05. 10.

13:00 o 21.2 5.56 6.88
15:00 shef 24 1 5.65 6.66

O FAHH A AL zBerFso =2AME 24 2o}

e TSSo| =E+£ 0.7~7.8 mg/L (B 2.4 mg/L) Helolod, ZsHolA 7+ L1 AFoM T2 =2
e Ect g5 XE|7|=oM TSS= 10 mg/L olslo|22, 2E X|FHo|M TSSol thet 7|z
ESIE W=z LIECH

e CODmol sE+&

7.3~25.2 mg/L (B 11.4 mg/L) Helolo{, gretollA Fta 2 abFolAM 7HE
0

=2 g2 E¥en, AF XEHZ Hest © XHAA CODyol Cheh ghrse F=2I[&E(2 mg/L 0|
sk, I, Il X[ 7|F) Oo|st2 =AE[JAL, aF XH =t Hrse =E 7|F (40 mg/L Olst, I, IV X|
H)S 9X| oot HH=IH Ao 2Pt FotH U BEo| dES FX| 2D MHES) JHE'—IEI'.: A
o= HEchEICh

TOC= CODR2} H|xst s& mEHE Ho|o{, #He|l= 4.6 ~ 23.2 mg/L HRZ Z=A=EALCE

T-Po| 5= 0.030~0.451 mg/L (B2 0.102 mg/L) ®lolnd, Zsi XM 71 %31 HF X
HMolM JHE =2 Aoz LEtch YR £=ZTJ|FED dlws] EHW, ZE XHEA I XA T|E
(0.5 mg/L OlshHE HX| Zenf, dF Xg2 HMelstH | X9 (0.2 mg/L OlshHELCIE ¥2 SsEE
23t

T-N2o| =+ 2.651~16.878 mg/L (Ho 9.399 mg/L) BQlolof, ot= X|Fo|M 7IE &1 ghot
XM 718 2 Ho 2 ZAEQCE =5 M X[HMolM gtrs =& 7|F(20 mg/L olshHECct &
2 SEE Bl

= S
NHs-N SZ£= 0.017~7.101 mg/L (Ha 1.648 mg/L) Helolof, Za| XHolM 42 2 FH K|
HolM 717 =2 55 Ech

ANEE2 wie Ao o7} EXstH, o= AlMdYH ZHe| xto|z Heolch AF XFel A=
TSSet 77| =9 sk7t o =20, dF XFiAM= ofE &dF2 sE= HlIA oL}
T-Po| s=7t ot =7 SY=EAct daliet &M, ot oy, &k 59 H|WX sHFol 2 X[ISH Al
ME MAMoz AR XHo dHlaf wrsel $Ro| W, So Zalet M, &ot XME s



ct.
30
81 ] 25
56 < 20
[=) £
g < 45
£, 215
2 g 10
| i | Ol Nl
OWWHI—H—H—‘ o S S S S S S [ s
s Y AF AW FA 70| UE AF FH AN oy Y dsh 2P AF @M FY PO O4E AF FH o o g
30 0.5
25+ 0.4 ]
520 -
= 5,03
%15« £
0 0.2
2 101 e
I [ I e N "
AL EIE L] I P | o T PSS i 5
2ol Wy AT Y AN 70| oE AT B set sror ' s Y AF AN HA [0 A4E 4F Y o o wY
20 8
_— 7A
15 N ?
— ~ 51
a B 4]
210, S H
z - 24
= T
54 = 1: — 1 ’_‘ —
I - N R T S |
0,02
0““““"—““o.oom““““"—‘“
s LY HF FW A O] OE AF UM ot oy Y o) Y AF @M FM PO 4E 4F Y ot o w
T8 26 HAMEIAAL HEWRS U £EME 24 Z1|
EMEHFHEAM 2 BUFFe 525 24 20
« YFOIE(AN SZE 0.034~0.555 mg/L (B 0.294 mg/L) Helolod, &fd X|FolM 7t H2
2 XHEAM JHE =2 S 2}
e H|A(AsS)e] SE&= 0.003~0.013 mg/L (B 0.008 mg/L) Hlolod, Fo| X[HoM I 20 A
Atop M) oy X|HAAM JHE =2 4t2 2Rt Cdel 4% A X[®EolM Hel AEEX| LULCEH
e IAE(Cnel zX sz= AF XHAAM 0.005 mg/Le| ¥ X2 s & EFC}
o« FE[(Cu)el s== 0~0.076 mg/L #Helolnd, etam MF o X|HZ HelstH Aot AE=U
ct
e H(Fe) & 0.029~0.628 mg/L (B7 0.120 mg/L) Hlolo{, AL XM JIE Zn AF X

AZHMn)el SE=E 0~4.728 mg/L (Hd 0.496 mg/L) Helolof, &3 XHEE HMeleh © XHollM
oo, oot dF XHS HdE=A LUACH.

AF XHE MelstH 0.02 mg/L olste] H2 =8 EAUcCt

| S 2

El(Pb)el == =0 0.003 mg/LE tHE =2 XM X2 s=HE 2t

oted(zn)el SE= 0~4.504 mg/L #Helolo], &F X[HolM 4504 mg/Le| =2 L& =2l ghH
LIHX| X|™olM= 0.2 mg/L olste] ¥2 sEE =t
Al & Fet ZE X[ wWRFOAM 7|2Ho2 g2 € EXUeH, 542 JHXl= Cd, Cr, Pb
52 st 2 A2z Hot TFEHL2E 2%t 2LE2 S AR HuEn XNHEERE 4F XH
oM Sa£e =7t =2 HER2n], 3] Mnt zZnel s=7t chE X[Hof dHlsi ES3sl =2 A
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O FHitm x2lAl4

oto| =4

(sulfamethazine, sulfathiazole, sulfachlorpyridazine)ol d&=|%ict. ol & £ utM EFRIZ} &= Ticto|of

e
=

St EZ  2Z(oxytetracycline, doxycycline) 2

E| E2tAlO| S 2IA

S AlH EZIAlO| 222 AT X|FHO|AM 34.249 ng/Lel SE 2, SAIH E2FAL

£t EUek

ki
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X ZUCH sEo|EA SdYE=E T suUSE2u2|cirl2 I XFHAMEE 11.441 ng/LE EH
=t =oiM EFRI2 M X[H™oAM 10.398~278.784 ng/Lel HeIE2 SH= R0, Qo XFAA Tt
g HI ots AHIM JHE =2 sEE 2ot snciolo{E2 670 X|I™olM 23.773~144.468
M X|HollA 100 ng/L ol&tel s=& 21 Ao, &+

|X| gftct. ehsx BHd, et X|HoM= sZoto|=A ¢

=L,

02
u
[o]]
i
Of

1274 XE & 274 X|EHolAM H E2tAO|S
= SE2 Z2F XFolAM, SAHEEI|0[ZRI2
4 FARER D (ZRgE sty S, 2013)8 2

= i | o2 LEtgct
{0l M A& SAIHEZIA0IZ B2 201749 7|& SAH E2tAt0| 22 5ol 2alo] E(hyclate)

— =
o2 LB AT 2x= =S| oY
=)

10

| )
& A2z olet dek2 =elshy| oz, dall XE FHol AlsEol B, 53| =X ALS0| &
2ot Aoz Hol SAIAO|ZE2 HA| AISEOAM F2 &2 W22 EotEict gHH SAJALo| 28
2 gol 2017 V|E £3E HofEHE2 (13,866 kg), HHX[(11,861 kg) (3,321 kg) ©2E At
Ao, dF XH FHol= 29| AtF0| &gt Aoz e A3 XHolM HEE SAIAOIS
B2 2o Hid=E SolM 7|elE Hez HotEnt
gd=dr YR 4t B4 2o HEsEN S5 422 dd=Zitel datdol Zuen
TSS, COD, TOC, NHs-N, NO.-N, T-N ==z} sacto|o|E2| &tatddol F| LIEHRC. = abm et
o T-N Mo &2AF71 0.482M 289 dudE Eon, saiEdat LHHX| M= Ato|of &bz
d42 22 D22 LERCh sulctolofE 422 TSS, 7=, S MdEne dadol =2 e
oo, &eA$E 0.73~0.922] HeIZAM COD d=20| 7t 2 &4 2 =Zict sofmEzin st
Co[OiE d=2o| &2ATE 0.782AM =2 H24E EXenH, & dAFXHoM= sZotl= AL &
Suli Bt 2t suiclololE M28t0| HEEU2n 670 HMEAM(ets, o, =™, ek, o/, gehol
M F deo ddE =7 HErgoh
FEYE0 e snoctololE d2o e &4 22 sooo|oE dER datdol g2 sEY
=(TSS, #7|=, <)ol thet M|+ E FHYSIUCH 7SS d=2oll gk satololE d=2f M
e eel 2HAsE 0.5308 xolnf, &2 V|27 41 HEEAM FoH XML 2ELF
ol FR=22 ¢0| BEFSF sclo|ofE d&20| S7tsct COD M=ol thet suiciolofE 42
of ddds[7etee ZEATE 0.8421 YE2M i 2y, 22 7|27|= 29 E2M Fitm=s
Me|Aldel zSYFRol =ty M 270l SIS saclolofE dE0l SItetE eloletot
TOC d=&of tiet =mictololE dE2 dYsqesre 2 +E 0.6651 =AM k20, g2
71271 64 =2M I LiEtRGCH COD2F TOC M=ol o|gt sutcto|olE MEo| Mdaxel SItet
T L FHEIALe HBEF0 2zetE 7712 201 BEFE s4riololE 429 557t S
7tetg elo|sk= ZAolck NHs-N, NO.-N, T-N & =0l thst snfcio|olE M=o MedsFetse 2%
£ 242+ 0.6065, 0.6563, 0.7166 MTo|od, 22| 7|27 22 26, 24, 9 =2 FHUcCt
LAl o] SR A AL JdAdY HE0| HEFF s4cio|olE =0 SUtEES

bolo
5=l
ol

o| slet+E FHe Zu, soMERE d2ol et saict

|
7re HMetet Ao 2 FHEEAct sotH e d=of of gt

[
MU
ot 0x

Ol{E d&2f =l etres Mol St t A gret

suicto|olE MEel MEs|F et Z2HATTIE 06133 BE2M =veH, &2l 7|27|= 0.54 E
Zoldet = =AF A W FHH AL 2BLFPHME sHHER 4E0] soclololE 42
Hot o) 3 =7 4EEHASE € 5 AJH
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E 7. HeMelAde EURs W SMEE 24 Aot
ng/L Oxytetracycline  Doxycycline  Sulfamethazine Sulfathiazole Sulfachlorpyridazine
2l - 50.123 15.047 - -
E R - - 154.333 98.4 -
Az 34.249 - 45.257 ~ -
=Rl - - 76.031 - 11.441
A - - 10.398 - -
0] - - 48.903 23.773 -
ots - - 278.784 128.655 -
ok - - 51.702 - -
s - - 164.984 144.468 -
2ok - - 117.619 29.508 -
oy - - 122.256 47.935 -
ek - - 42.624 - -
_— Sulfamethazine M Sulfathiazole
%
% 150 |
% 100 |
=
U 50
.ﬁ ' | »
) P1 P2 P3 P4 P5 F& P7 P8 PO P10 P11 P12
Wastewater treatment plant
O3 28. HEXMelAldel xBuHFa W sulfamethazine®t sulfathiazole &&= &8 Z 1t
18, TEMEL Mol At
TS COD  TOC NHeN NOsN T-n oW Sl
methazine thiazole
TSS 1.00
COD 0.95 1.00
TOC 0.91 0.97 1.00
NH3-N 0.40 0.55 0.43 1.00
NO2-N -0.03 0.06 -0.11 0.78 1.00
T-N 0.27 0.42 0.30 0.80 0.65 1.00
Sulfamethazine 0.01 -0.00 -0.14 0.22 0.20 0.48 1.00
Sulfathiazole 0.73 0.92 0.82 0.78 0.81 0.85 0.78 1.00
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Sulfathiazole (ng/L) Sulfathiazole (ng /L)

Sulfathizzele {ng/L)

150

100

50

150
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y =41.14x - 10.34 y = 28.85x - 227.03 ;
RZ=0.5308 ; < 150 RZ=0.8421 5
@ L °
o
& § 100 .
=
: i .
LI 3
L L L 1 o 1 1 1
1 2 3 4 5 5 10 15 20
TS5 (mg/L) COD (mg/L)
200
y =64.15x - 358.79 y =25.94x + 47.15
RZ=0.6651 - ;j‘j 150 R =0.5065 4
® %1
o
° 2 100
i
=
i Z 50
.’ L J
i i i i i (1] 1 1 1 1
5 [ 7 g 2 10 1 2 3 4 5
TOC (mg/L) NH3-N (mg/L)
200
y =23.89x + 33.04 ~ y=8.53x - 2.74
R?=0.6563 ! = 150 RZ=0.7166
i
’ P
® g 1o0 ®
ki
=
.. 3z 50 .
®
] . L ]
1 1 1 1 1 [‘ 1 1 1
i 2 3 4 5 B 5 10 i5 20
NOx-N (mg/L) T-N (mg/L)
a8 29. M Zo E sucio|lofE 72 37 et d=
200
y = 0.54x - 0.68
—_ | Zoos
= 150 R==0.6133
]
o &
o
g 100 ®
N
=
+—
i
@ 50 ®
ol v
I: i i i i i
G 50 100 150 200 250 300
Sulfamethazine (ng/L)
O3 30. sutoEtxl MEof e snicto|olE MEo 3 J=



2. &5 H EZIAI0|E8 EFAE
2.1, E&H MH™
O 3o ZEXMst= MMl XM2/HH JT JtE HYHelsH A== YH2 S&E7[solch. &F
(adsorption)2 12| AAHHoAM EFS sLIt S7lct= A2, J|AH Mo EXsIHL AHo 8=
sl A= =S EXM 1M E ol8stol E2lske Z|l=olctk o] mf DA SEEH= 2Ee 3
(adsorbate), E&tsl= 10X 22 S EZHA (adsorbent)2h sto{, 2 AFoMel EEEA2 sHMEA(H|
EgAto| Z8l)olct
O SE&sa2 SN S2N EM Ato|e] A5xtgoz UMsto], SEA el MAD HEFHN, EHO &
oofl w2t S5 TVt cl2ch J2E2 SEAHE A8E s SEER T2 342 dZEHA| {2
=S ALSsict £5F R BXIF7|, 2N MEel FH A (FF)el =25, pHoll w2t S5 Hx
7t o2 Ade=z 22 Uct
O 2% 3A =z2Id o setd g&ez LiECch 228 g2 g3 muat S35 7o van
der Waals forceoll 2|t g=to|o{, Zgt=d0| kst JtdXo|ct, HHH Stetx a2 ™AL ol S5k
SHFZECeZ Aol Lot "|Jtdxel EMS JHRICE
O 222 &%sle I 222 887|s2 T2 2MHE0| ALRZEHD ot 2ME2 MM Z ZMERZ 0|8
St EEEdE FUe Ze AFKE os HESHM =22 Mzl wHoz dAFE oo, #xf 2
AT Ae FHE SHEAME Zo| A== Aot
O &M JoMT It ol Al2Ee SFc ME M2210|E, Me|7td So| Uct SMERR X
of 2 AlEgMd MRZEOILL MEF S5 500CHA Etststo M === 2200, thEHel ]RI|E S&HA|
2 =0 H3M 222 S&ote ol F2 ALEECH F2 MEHA SZEo|u =2 A, ofXtA e EMEL
o] 7t& ©o| Atg=1 enf, zZo= HLtFet &2 Chotst MEOMEH 2 n 22 SZo
Ol27|7X| ctekst & o &M Eto| 7=l Ut
O M22l0lEw Y¢Fo|lgnt 4, J2|10 7(et &Ze| FHo|Lt &2 Eg50| 2= Ues =22
A, Ct2 Ao dHlsl ctaMo|22 SEMEA ol ALE 2 JHE=(1 At H220lE= R &
M2 2F=0 =4 S2S MEHMo=z S8 5 Urt Esh HS2/0|EE gdste LFo|ls1t o4,
a2l 4F o|l2 MEESE Qs ¢ole WEAM s JiX|0{, o|2WEMZL ALSE CE H EziALo|Z2E
2 dlun™ ZpMo It E=(log Kew = —1.4)2A 20 sof 2MH2 JHXI0 (pKy = 3.3, pKae =
7.6), 2% HSolLt EY Sofl & S&=EEE, M220/E 2okt & g3E Aoz motEc
19, gMEet 3 HMES2lo|EQ fEXN SA(Y, 2004)
M EL .
=4 STt Sorar Btd xM22lol E
H o - =2 o
Y= (g/mL) 2.0 ~ 22 1.9 ~22 2.0~ 25
AXLE (g/mL) 0.6 ~ 1.0 - 0.9 ~1.3
SXYE (g/mL) 0.35 ~ 0.6 0.15 ~ 0.6 0.6 ~ 0.75
e 0.33 ~ 0.45 0.45 ~ 0.75 0.32 ~ 0.4
MBEX (mg/g) 0.5 ~ 1.1 0.5 ~ 1.4 0.4 ~ 0.6
HEHH (m?/g) 700 ~ 1500 700 ~ 1600 400 ~ 750
da3d (A 12 ~ 40 15 ~ 40 -
O = 5= M st7] ¢lsthod

Aol At El= SEH 2He| & s3HES "EIlstl, PRB 80 ASY SEAE

Al M3 (batch test) ¥ ZESEA S (fixed—bed column test)& ZASIFCH 2 AT ALESE
M= OFALA &M EHDY Carbon Corp., Korea)nt MEHA &M EH(Calgon Carbon corp., USA), A2
O|E(Daejeong, Korea)o|d{, =2 ME T 105COM 24A12F A=xst = M E MHAHES Sl
ol Atgstct MEol At S&HA o] A3 7|+= 850 ~ 250 um 250 ~ 75 um2Z StACt.

~

n>

b
Oob > T mop b
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a2 Eel B EaAO|2RE 5 99%2| Alfa Aesar(USA) AF HIES AlRSIR S0, Bl EafAlo| 28
2o 50 mg/L SE2 MZ3IUS0, HOIZF NaOH 8% 0|8310f pH 7.0 + 0.29 Helz 5tof
& AFo| M x5t

> oy

N

A oy
O ZH SEAFH UM sRAc=2 FFAH Zte] FF Ms HIE FHSIUCE 100mL MAE2iAT
of 50mLe| HIEz2tAto|22 £=&A(50 mg/L, pH 7.0 £ 0.2)2 €1 S&ME Festct
@ MZIEEIATE S2FET0AM 150 rpm2 2 WESIGicH S&HA o] Felzk2 0.05g2 0.1g2 2 3
¥onf, 8o 2= 25CE FASINCt
@ 2R T|oM ImHto] 2R E F MZEEIATE AU AIRE AMF IR0, AIR= MF F 0.2
m syringe filter(Hyundai, Korea)E& 0|-&3}0{ ofz}slgict.

RN

® of1nt=l A|EE= UV-vis spectrometer (DR 5000, HACH)E 0| &2310{ 356 nm I}ZEH|AM =X 31 Ct.

100mL
Hai=oias
50 mg/L
ElEatAfozal
2% (50mL)

1. H|IE2tA

o
S0l = =

3. A|lZIE=E aztEppaas 4, O{3HEl A EE UV-vis
4 = 0.2 um Nylon filter spectrometers 0|20} 356
[
= o250 o7t nm THEM SF
a8 32, HolEE o8 +F HEZAEZE SEAYE otF
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>

Al (4)=b (5)ollM C= HExHMe U f HEZIAOIEE 8= (mg/L)E 2lolstct. Langmuir
AlolMel @ SEA ceIFA F FHUESEE (mg/g), vE SEHEHLTE LEHH, Freundlich
Ao ARBE= Kyv AT (L/g), n2 SEEZATE LIEPHCH

R,

3t E™, &9 At 37|17 250 ~ 850
F0l Al 32| 50.2%2 20.9%0[|0{, AMEA &
22 1.7%2 0.3%0| £FSt= AW 2 LIEHGCE

['II

24M2F = £=Fo| ZHFsSts H EZIAO|EEIS 5%
2 OFXtAH &AM EF 0.05gF 0.1g
1g F0{ Al 244124 Zoll= 242t A
H22lo|EE 0.0592F 0.1g £0 Alol= ZtZF 81.9%2F 64%2| H E2fAlo|2El0] MFS=s W22
LHEFSECE
75 ~ 250 um Hele| EEAMEZE AEE
¥, 0.1g F0o{ Alol= 6AI1ZF =ofl=
F0{ Al 3A|ZF Foff ZE H EEIALO
gt M =22lo|Ee| A 0.05g FO
55.4%7} THFSIALCE.
M A 377t 2E+F HEZMAO|EE el FES50|

I OFXIH BAMEF 0.050 F0f Alolls 21.5%7} BHES

= B EajAlo|22l0| E&E|ich MERH BMEF 0.059
Eat=|Uct
{ Alofl&

SEEASH, 0.1g F0f A= 458 Fol &%
o

O
24A|2F = 74 6%0| ZTHRSIF S0, 0.1g

()

=
=
e

>
2

7158, ol HlEHAS FItE &
SOl 7H& £3, ofAtAl= MEHA ol Hlof

3

z
ch BAM Zhel MSe BlmstH AEbi ZAEtel B

1o

Bl E2tAto| S &0 Zt

g £01 Al 25.96 mg/L, 100 mg 5§01 Al 10.37 mg/L
9.6 mg/Lel HEz=}

AXAZ|7F 250 ~ 75 ym¥ ZF 50 mg FO0{ Alol= 24A|2F =

ic]
o
o
3

ol

=)

U ke A 2l

HON U2 52 5§88 EQch M220l|Ex &MEetof dHs] HE2O|ZE & &80 22 A
o2 ZALERACE

S&H BF, 2dX37| ¥ FoiF EH +F HEZMOIZE HNA 58 1 /7Y 5% @ E H|wstod
2o, MeEbH MElo| EXEHag0| JHE =1, MS2l0|EJF JtE e Aoz LERCH AMEH
eMERe] A 850 ~ 250 um¥ M 100 mg F0 Al 12A|12F A3t & =Fo| ZE B E2tAo|Z2E
of MA=EHA2D, AXFZ|7F 250 ~ 75 ume M 50 mg F04 Alol= 6A[ZF 2o, 22|12 100 mg
F0{ Alol= 2A|ZF Bl =F2| HE2tALO| S 20| SE=QACE OFXbA ZAMEH2 MEHA 2Hd Etofl b
aif 2ot R37[7F 850 ~ 250 um@l A 24A1ZF 22| +=F H EZAlo|EE
2

ot , &

Ato|28l0| £Zof FFSFI0, 100 mg F0{ Al 12A|ZF 2ol 2= | E2}Alo|Z22l0| F&t=Act H|
Z2l0|E= EAMEF 250 Hla) HY F2 EE 582 EQch X377} 850 ~ 250 umE FO

AtO| 22l0| ZHFRSIF o, AXA7|7F 850 ~ 250 um¥ miofl= 50 mg §0{ Al 36.73 mg/L, 100
mg §0{ Al 26.63 mg/L2| E|E2tAto|ZEI0| FHRSIUCEH

SEUE S & SESTMT= 1R 2% 25 MEHA ZMEH OFXHA ZMEH M S2I0|E &2
2 £2o0, 3EH2E FEAML AKXt & FAH0| BETE =2 HWS =olsiich ofkbA 2y
Eto] A 1At 2XF EEZY ZF 0.9 O[&e =2 AN S HQo0nf, 850 ~ 250 ymg U= 1

2t

dol ZXMAFIL = AHA=ACE LXFI|T}
F S&t2dol HAEASI} 0.997622

AR

1
= 1A EE2He ZHASI A AdEden, 2%

=doLl, FoiZko| B AXIFI|I} EHSHE dlo| A
S&tedof o Mgtst A2z LIEGC (Alvarez-Torrellas et al., 2016). MS2l0|EQ| B, 1A &
oo 2xf FEEE Z&E 0.9 o|ae =2 ZYAHFTE Holul, 2xt ZHOMe| A™YAH = 0.99
ojatez 1xt 2Hof Hls§ o Mt Ae=2 LIEHRCE.

« S25% EM "It A EE =Y MEjJt 2 WtX] 52| H EZ2IA0|2EE &5t 28
Z moo| X251k ofkAHl EMEtDt M 22t0|EE 850 ~ 250 pm A7|E 50 mge F0isto] Al
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Hot¥ o, MEtH 2MEt2 LIHX| F&HAoo Hisi §& &80 =of 250 ~ 75 ym A7[E 10 mg
2 Foist%ct ofXtH ZMHEIS 0|3t HEEIAo|Z2R S2EFE Z, Langmuir 2ol R*2
0.9938, Freundlich 2E 2| R*2 0.77412, OFXIA ZMEL2 tt=(mono layer) 2 st & ofH
g 2ot (4 &, 2013). M22l0|ESl S2&53

b Aot= Fig. 50 LtERHA20, Langmuir ZE 2

R*2 0.669321d| il Freundlich 2o R*2 0.897622 H|WMM =EHAst F&0| o|R0{x= A

o2 FHEU, F Y 25 OfXtAH I MEMA ZMEt| dHls H A 2 AHASFTE B ME

A &MEF S Langmuir 222 R*E 0.9397%ld B Freundlich =22 e R*= 0.95772

Freundlich 20| ZastH =2 H2=E LEReH, CIt E7IEs+E QI S7tstks HEH2
=

Alvarez—Torrellas et al. (2016)Zt= FAISIFCE 7|Z=9 HEZIAIO|EE F& A =2RoA=

o

Freundlich 222 2= <27t B2, tiFEF 0.99 o|ate HEATE

al., 2013; Zhang et al., 2016). 12} Glzel and Saygil (2016)7F Z= & |2 Z 50 =3t £
MEtnl Pouretedal and Sadegh (2014)7F ZZLIRE 2z=2 H=xst 2MEZS HME8% 4R
Langmuir 22| Z™EH LI =H LIEHG20{, Torres—Pérez et al. (2013)2] =&0lMXZ Langmuir
Dol ZEASTIE 0.9982 LIEHGCE O|3{st A= EMErS| Y=o w2l B E2IAto|ZElof CiE

O =
2 AlAtstol, Fotsel s Sol A ME W B

SeEasdol 2 & A 8 7o
Zeys oojsictn g & Yot

SEA] ME HE ;2 oiTolAS O I AED] BAEL J2|1 H22lo|EE o|8ste +3o| =
ste BlE2iAo|2 RIS BERF st 324 MBS Susidon, 1 HIE Si BSMEEE ¥ S
SEXEMNS UYL 1 HIE 2okt CheD} 2
ExH W X 58S MEW TS ofXH ZAME MS82lo|Ee| £MZ S HOE LI
w5t SR So{Zo| BE4E, HatH e UXTAV|7}F HS4E B EctAbol2aITte] HEHH| Lol
XA o W=D o] EEEE HoZ LIEIYICH
220 A E|E3fAjo|2R EEE 2i BI2AlS ml2s Ho=z UEGon, AMALE v
0.95 OlAf2 2 LIEI} =2 AeAMS 2HCh sHH, ofxp SAErS 2IXITJ|7} 850 ~ 250 umE
208 HS 1A 8FSAl0| 2% BHS Aol Hsf 7F =D, ZEHSE 0.99 olatel He =z LiElGo
L, XTI} BS4E 1R BH2Ale] HEASE LA 24 8SAlel AYASE Silsle A
st2 EICh o Ze dAlS AEety EAE ,

o

Etnt | Z2l0|EolE SEXMeZ W= sM02ER, &

=k,

M SREE chEA HELE, OFREA ZMER2 Langmuir 2

de2 mzes Aoz UEtgoh M AFoME
Z 7

F A9 Langmuir 222 2 Ao2 HCohE

o

i
Bl E2IAlO| 22 E2EREMS
dg, MEH ZHME

S 02
&2 Freundlich 22 S wW=X|gH AlS2 /IEZ

_42_



¥ 21, &M &/, dXt37], Fo4T H Azl E +F H EZ2tALOIEE MHAHE
=] oxt | =04 EHAZHE)
2| 37| | ¥
H | (um) (g) 0 5 10 15 30 45 60 90 120 180 360 720 1440
850 0.05 | 4% 1% 2% 3% 4% 8% 10% 11% 10% 16% 26% 35% 48%
of 250 0.1 2% 5% 7% 6% 14% | 20% | 20% 23% 31% 40% 46% 68% 79%
At
Al 250 0.05 | 4% 14% | 19% | 23% | 35% | 32% | 37% 38% 48% 52% 61% 75% 81%
5 0.1 4% 30% | 38% | 45% | 57% | 61% | 65% 77% 83% 93% 98% 100% | 100%
850 0.05 | -2% 2% 3% 9% 15% | 19% | 22% 37% 47% 51% 69% 91% 98%
A 250 0.1 2% | 18% | 26% | 30% | 57% | 55% | 67% 77% 85% 90% 99% 100% | 100%
A
gt
A 250 0.05 | 2% 27% | 49% | 40% | 46% | 7T1% | 77% 84% 88% 99% 100% | 100% | 100%
75 0.1 2% 45% | 64% | 83% | 82% | 97% | 98% | 100% | 100% | 100% | 100% | 100% | 100%
850 0.05| 1% 3% 4% 4% 6% 7% 8% 8% 10% 15% 13% 16% 20%
;“ 250 0.1 2% 5% 7% 9% 12% | 12% | 15% 18% 17% 18% 25% 30% 37%
2}
OEI 250 0.05 | 2% 10% | 12% | 14% | 14% | 16% | 14% 18% 18% 18% 19% 23% 27%
75 0.1 2% 16% | 20% | 17% | 25% | 28% | 20% 30% 31% 31% 36% 40% 47%
—m— Palm_AC(0.05g)- -®- - Palm_AC(0.1g) —m— Palm_AC(0.05g)- -m- - Palm_AC(0.1g)
—O— Coal_AC(0.05g)--O- - Coal_AC(0.1g) —O— Coal_AC(0.05g)- -O- - Coal_AC(0.1g)
—»— Zeolite(0.05g)- <»- - Zeolite(0.1g) —»— Zeolite(0.05g)- <»- - Zeolite(0.1g)
100 100
0:3/0\0
_— e
803y R, > P —
7R P : >
4\, u Rl SN P~
—_ \ \'\ T~ T —_ T
T 604uQ W " < 60 IR
N A I -
SHE P " S N
O 40 Y \ O s \
1 \‘o O -.\\“*\\___\ io‘ol'-\ I\
204 o \ T 2046 \m .
N oY
1 AN o 10 \me
S \ . S~
0 R e T —— 6 04 “o-B=—Bzzzeee o
T T T T T T T T
0 500 1000 1500 0 500 1000 1500
Time (min) Time (min)

a3 33. S=H ¥ batch test

A1} (A: 850 ~ 250 ym, B: 250 ~ 75 um)
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E 22. OFXIAl ZHMEF MEHH ZMEF XMZS2I0|EE 0| 3¢ E|E2IAIO|ZEE SEoA el FAF 1A IS =
Wl A} OR} BES DOl Alg
pseudo—first order pseudo—second order
size W e, exp Qe, cal Ki 5 Qe, cal (1 l:; -3 R?
(m) (mg) (mg/g) (1.0e7/min) (mg/g) e
mg/g-min)
850 ~ 50  24.04 26.52 1.60 0.9956  28.90 0.10 0.9519
Coconut 250 100 19.82  20.36 2.43 0.9944 21.74 0.23 0.9777
AC 250 ~ 50  40.39 40.64 3.29 0.9938 41.67 0.33 0.9936
75 100 25.13 25.14 5.57 0.9384 25.58 2.00 0.9997
850 ~ 50  49.11  49.40 3.52 0.9976 57.47 0.08 0.9853
550 100 24.98 25.05 4.61 0.7580 25.58 1.40 0.9997
Coal AC 55— 50 5000 50.48 3.67 0.5638 51.02 1.00 0.9996
75 100 25.13 25.19 4.02 0.4089 25.19 21.69 1.000
850 ~ 50  9.81 992 2.78 0.9408 10.00 1.40 0.9847
, 050 100 9.19  9.51 213 0.9830 9.37 1.10 0.9808
zeolite —506"— 50 13.27 13.43 2,54 0.9612 13.21 2.50 0.9908
75 100 11.69 11.84 2.53 0.9551 11.64 2.50 0.9906

(B)
4 O —— Coconut AC(0.1g)
O ----- Coal AC(0.1g)

O ---o- Zeolite(0.1g)

2
Ci
o 01
<
4 o . o
-2 ™ .~
] I o
O —— Coconut AC(0.05g) o \\\\
44 O ----- Coal AC(0.05g) -4 o
< Zeolite(0.05g)
T T T T T T T T T -
0 500 1000 1500 0 500 1000 1500
Time (min) Time (min)

(D)

4
o Coconut AC(0.1g)
O ----- Coal AC(0.1g)
O e Zeolite(0.1g)

(o]
O —— Coconut AC(0.05g)
4 - O ----- Coal AC(0.05g)
O e Zeolite(0.05g) o
T T T T T T T T T T =
0 500 1000 1500 0 500 1000 1500
Time (min) Time (min)

T8 34, S5H Y HE2AO| BRI RA 1A B5 5 29 3=

=
A-B: 850 ~ 250 um, C-D: 250 ~ 75 um)
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200 200
O —— Coconut AC(0.05g) (A) O —— Coconut AC(0.1g) (B)
O ----- Coal AC(0.05g) | © - Coal AC(0.19)
O e Zeolite(0.05g) O e Zeolite(0.1g) ,
150 4 S 1501 L0
T 100+ T 100 -
= = O
50 -
O T T T 0 i‘ T T T
0 500 1000 1500 0 500 1000 1500
Time (min) Time (min)
200 200
O —— Coconut AC(0.05g) (C) O —— Coconut AC(0.1g) (D)
o ----- Coal AC(0.05g) | O - Coal AC(0.19)
O e Zeolite(0.05g) O e Zeolite(0.1g)
150 - 150 1
o O &
£ 100+ £ 100
<&
50 - 50 -
s : : 0 : :
0 500 1000 1500 0 500 1000 1500
Time (min) Time (min)
T8 35 EXA g E|E2fAl0|2RIe |RAL 1A BE £E 29 O3 E
A-B: 850 ~ 250 uym, C-D: 250 ~ 75 um)
HE 23. OfAMA ZMEH MEHH ZMEH XM S2l0|EE 0| Z¢t HEzZIAO|Z2E SEolMel Langmuir 22 2
Freundlich ZElo| Al
Absorbent Langmuir model Freundlich model
size Qo b 5 5
type amount R Kr n R
(um) (mg/g) (L/mg)
Coconut
AC 50 mg 250 ~ 75 65.4 0.4 0.9938 47 1 14 0.7741
Zeolite 50 mg 250 ~ 75 10.7 0.05 0.6693 7 4.78 0.8976
850 ~
CoalAC 10 mg 050 116.2 0.16 0.9397 32.6 2.98 0.9577
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(mg/g)
Py
|

Coconut AC(250 ~ 75 um, 0.05g)
Langmuir

----- Freundlich

0 —71r - 1 - 1 - 1 - 1 111
0 5 10 15 20 25 30 35 40

Ce (mg/L)

% 36. OFAAl ZMEF (F042F @ 0.05g, YAV @ 250 ~ 75 um)el =2 HE S =

Qe (mg/g)

Zeolite(250 ~ 75 um, 0.059g)

5 Langmuir
1/ ==- Freundlich
0 T T T T T T T T
0 20 40 60 80
Ce (mg/L)

2 37. M 22l0|E (F042F @ 0.05g, ¥XA7| : 250 ~ 75 um)e| S HESE =

CoalAC(850 ~ 250 ym, 0.01g)
Langmuir
————— Freundlich n

150

Qe (mg/g)
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2.3. ZHEEAS (fixed—bed column test)
o A 3F™
@ 2 S&AE Alg=l 24382 20| 30cm, XIS 5ecmel &z fz HzZkeIt & = AU 9
2oz HoU= o|FAEN FEZ O|FOo{H AUCE
@ U= L™HE =0|7F EHEE SEHME F0{st glass beadZ 372 AP0, s Sl A
k8 AL EELEZMN E&0| ¢dEst 22 =HAM LoLIE S S CH.
@ H EzZIALol28 A|l2& 50 mg/Lel pH 7.0 £ 0.29] HZ HM=st2n], AlRe 2= 25TE
FX| skt
@ MY AZ Al R HEZZS 0/2510d 5mL/minel £EZ HEZIAIOIZSE AIZE ZHo| FUsIFS
o, ¢ 4tsk2 ofzfollAo @ (MEkF)=Z sict
® ABRJI ZE2 S30510] &7 2 LI2E AFEEE X AZF 4o 2 AMRE M5t o, st
AR = FA| UV-vis spectrometer (DR 5000, HACH)E 0| 235+0{ 356 nm IZtEOIM EHSHECH
E 24, ZLESEAMY £ A MY A
E&H BF OFXIAl EMEF MEHA ZHMEH XM 22l0|E
E&H =0| 2cm, 5cm, 15cm(M220|E= A 35IX| &2), & 85 A ¥
SMH BF B EE2fALO| £
SHMAH 5= 50 ppm
S = SHA =2k 25T
HIS = s pH 7.0 £ 0.2
st 5 mL/min
SaHH A3 7| 2,000~850 ym (10 ~20 mesh)

Sample Out

Stopper

Water Out |¢——{ | s o]

| Glass Bead

_47_



sc ma
=g, Qt st

A=

= E=EolSEol

A oAlZH R
£ 27%2 ZAE[QICt o|F X
20%, AESol=E A8%=
C siej= moln] oML 1
18A1Z} 0|% 40%¢l ALEHE

| (6)IM ks Thomas
)0l = st Edse

| _II:_E
= 6%

S2I0|E
HliEetol=
36

A‘I E'n_lj:"
orot
LS A4

a2l gt G,
=Wt 2 cm
Mg erol =
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; =
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=

eSS
AH b2 X271 3=l 0%, A
gA|Zboll Aol EEHEby T,
oPaC AEl SEEE o onE £
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=ol Az

Et
iastole o2 otatol2

SEA
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INESETT
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E=% N
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=

Azt
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=
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EAlZboll Ihaty
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HHE (M2 E 90%
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18A|ZF
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s671zt 01
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I 26. AlZholl e 2t SEA ME 2 =0[E B E2fAtol 2

=

r

OFXEA| M EHA| M 22l E
A2k (hr)
2cm 5cm 15¢cm 2cm 5cm 15cm 2cm 5cm
0 86% 98% 98% 88% 100% 99% 73% 93%
0.17 99% 100%
0.33 99% 100%
0.5 100% 100%
2 53% 99% 80% 100% 52% 94%
2.5 53% 84% 48%
3 51% 99% 76% 100% 48% 92%
3.5 50% 77% 43%
4 51% 75% 42%
4.5 47% 75% 38%
5 46% 75% 38%
5.5 45% 73% 35%
6 44% 97% 73% 100% 34% 83%
6.5 42% 97% 72% 34% 82%
7 42% 97% 73% 100% 34% 81%
7.5 42% 71% 33% 80%
8 40% 96% 70% 31% 78%
8.5 100% 77%
9 39% 95% 68% 100% 28% 75%
9.5 100% 73%
10 36% 95% 68% 27% 72%
10.5 100% 71%
11 36% 94% 66% 26% 70%
12 34% 94% 100% 64% 100% 100% 26% 68%
13 33% 65% 25%
14 32% 64% 24%
14.25 93% 62% 64%
14.5 61% 100% 64%
15 31% 60% 100% 23%
16 30% 92% 60% 100% 100% 21% 61%
16.5 59% 60%
17 29% 91% 100% 58% 100% 22% 60%
17.5 58% 59%
18 28% 92% 100% 56% 20% 58%
18.5 100% 58%
19 27% 55% 21% 58%
20 26% 100% 56% 100% 100% 18% 56%
21 26% 86% 54% 18% 55%
22 25% 53% 100% 19% 54%
22.25 100% 53%
23 25% 52% 100% 18% 52%
24 25% 84% 100% 51% 18% 53%
25 24% 51% 100% 100% 18% 52%
26 23% 100% 51% 18% 51%
27 23% 84% 50% 100% 17% 50%
28 22% 100% 48% 17% 48%
29 23% 49% 100% 16% 47%
30 21% 82% 100% 48% 17% 47%
31 20% 48% 100% 15%
32 21% 100% 14%
33 20% 80% 14% 45%
34 20% 100% 15%
35 21% 15%
36 19% 100% 14%
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ZHHEXAMY F ZE2MQ FHIE 2 cme 5 cm@ Ao $HHM Thomas IZIHtd Z2EH S X -E23510d
MESHECHERA =0|7F 15 cm¥ = 36A|ZF Sot 2hR oM E| E2tAlo|Z2I0| AEX X 2o}
Thomas 22 S ME5IX| #2). Thomas 22 JFE 0.9 ol =2 ZAEH+E EFcCh 1
LI 5 cm S| oFXIA 2 MEbH 2EME2 2+Z2f 0.87612F 0.75642 H|WX 2 AXMHTE 2
=dl, ol S&H el & &80| Fol SAI Hefel MMl FatagMo| FEHSIX| %7 & He
2 Heolct zt &2l ¢y MEH Z2MERS HM2lstH S3M =olo dl#ste Hds =elstd
Ch MERH 2HMEte| A 36A|ZF S 2SI E|EEfAlO|E2IS F25 g8 = As He=
H2olH, ct2 FENMES ¢t &AM =0| ZHe| HBAHE 2™ 5 cme| MEHA EMERS ¢, 2 oF
35,000 MEo|od, olof] ==t ™ 2k 114412 (2 4.72) MEo| 2MA|ZI0| EHRE Aoz MZIE
Ct. kppe SEM =017t Zol258 JItsts FME 2oLt MAMoz 22 giolnf, §&% £ &
SI7MAM717| M= &&H =0|ZECct= HEZIAO|EEIe Fo HEof o HdEMo| US HWeE &
olct,
F 27. g = 2 Thomas mhotd ZE9| Al
Ay F=A Thomas IZtot&d =&
S&H BF 2t W E&A =ol(cm) kg (mL/min/mg) amn (mg/g) R?
2 0.0002 4.317 0.9525
OFRIAH| ZHMEL
5 0.00045 10,096 0.8761
2 0.0003 13,918 0.9556
MEH ZMEL
5 0.0013 11,000 0.7564
2 0.00027 1,310 0.9091
H22lolE
5 0.0003 4 250 0.9206
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1.0 {OFRHAl 2 gt 1.0 Mei gge
O  2cm (Exp. data) 2cm (Thomas) 0  2cm (Exp. data) —— 2cm (Thomas)
1 O 5cm (Exp. data)---- 5cm (Thomas) 1 © 5cm (Exp. data)---- 5cm (Thomas)
15 Exp. dat
0.8 <& 15cm (Exp. data) —FEoag” 08 © 15cm (Exp. data)
;\; 0.6 p
Qo
O 0.4+
0.2 o
. o
. 0 o o s
] P j
@009 e _
0.0 00" SO0V 00000 0.0 £-00-- 00 X -~ OB -V T VOB T T O
—7T1r T T 1 1 " 1 1 17 — 71 T T 1 r T T T 1 ' 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Time(hr) Time(hr)
S
QD
(@]
] EES
o® 0 2cm (Exp. data) 2cm (Thomas)
0.0+ O 5cm (Exp. data) ---- 5cm (Thomas)
T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40
Time(hr)
O 4. SEM &7 4 ZE EF4AE 20 & Thomas utoty ZH
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3.

kel

AOPs 7|2g o|&¢t H E2tAlo| 28 =3l

1. AOPs 7|& A&A

7| &0l B0l ALE

= AOP Z|=Z+& UV, 0s HCIO

S UV/H.0,, UV/Os, UV/TIO,, fenton, UV/fenton

S22 rCisict ol 7|A% Z+2b XMelggolut H|E, A 282 Wi Y = Us =5 B4 S0 Z
2t ch2 EZo| ok olE 50 UV 7|&2 7IE ®o| A= wAlo|X|gt, oo 280 22 4
< XMelggol 243 7‘4_ = 2H7F UCt 03 7|52 7ts Al H|S0| ol &1, et SRl =28
H 220 MME == ck= =HEo| ot fenton ¥ UV/fenton 7|&2 AHM AtEfollM &2 &0| Zof At
A AEfZ pH =Ho| Zes5tnd, FAE 0|28 7|22 Mal Al g2 FokE0| 2 e £ Qlcks HHEO|
UCh ESH OIE 7|22 M2l Al LX AlZto] =), FI(A 229 29 1 el w2l Me2lE 80|
2t7t ct2ct Jg{E=2 ?Jé;”%’é!ﬂ Z2 =22 M2l Alol= flel 7|s0] HMEsX| #2 £ Ut

2 AFolM AOP 7|22AM MHE HE0lE= 671 AStAElS] HEZAM, =M oM 2tMs| S35l = of
=2 MeE g JIXl= 2Zolct He2lolEs 7IEe X2l sFHez= A XHe2l=HX g HEHH =
ZES ChAZiof| E1x o=z HMHelg Ho| Act. =5t Mol ETf stel=Elof MME= Fe(ll)=
30| Rslsto sARISM Y #ak ot gt SEMEZAMe Ass S = U0 2k H2|7HX| 7o E
= Act

HeOlEE AMOIA 2.2vE ThE
B2 grIMolA &
stet 7| Ze| AOP Jl&RCH BE 7h5Y

oHr

olg] phenol, chlorophenols,

bisphenol-AZ} tetrabromobosphenol-A 2| “tEsHA
Z 2ol =

sistol 1 AlsfE e

2 el=sigon],
olere, el 2y

=

Za Zol ct = HeEolEs

J|2a 23jnto| oflzl HHFS MAHSE A=
HaolEQ R7|2H 7to| HIEE R

2 gIl2xds 2afsict

28. H20|E2l F2 H3 MAHSE

bromophenols &2
dichlofenac,

§2Z (PPCPs)Z} LH2H|H ZHOHEZ (EDCs)S
AL =ol

'|T7|§§—r ‘|

HI7|Mo|M= 0.7VE Cla 2 Ast
M meolEel &42 T, X2l Al HEOIEE
Hez Helot

H &%/, benzothriazoles, trichloroethylene,
SHES MR s AdAFoM ¥ 2 2 &
fluoroquinolones, sulfonamides
Me|str| et A7 =S|
20| Hou, 7

ibuprofen,

Zzoteo A =E
SAEoE gl
A =
i =

x|
ESPNCIPN

[l

i
=

EE 0|25}0{ lab-scale R E2 2% Alol| =X|5t= H|

%ﬂﬂ?& Ct.

mH2o|ES| Bt

ol Al

=2 FZ (hydrogen abstraction)

HFeO; + H,S— H,FeO, + HS +

X} o]l= (direct electron transfre)

HFeO; + SCN— HFe O}~ + SCN

A4 MEb (oygen transfer)

HFeO; + SO}~

— (HO;FeO— SO;)— Fe(VI) + SO; ~
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kel

29. X2l SFolMel AOP 7|& 7h &tet v

Oxidation pH Chemical reaction Potential, V
Acidic FeO]  +8H' + 3¢ o Fe’ " + 4H,0 2.20
Ferrate(VI) 9 _
F +4H,0 +
Basic cOi 20 35 0.70
— Fe(OH), + 50H
Acidic HCLO+ H +2¢” <2C + H,O 1.48
Hypochlorite
Basic ClO™ + H,O+ 2e <2CI +20H 0.84
Acidic O; + H,O+ 2¢” < O, + H,O 2.08
Ozone
Basic O;+ H O+ 2¢ 0y, +20H 1.24
Acidic H,O,+ 2H" + 2¢” < 2H,0 1.78
Hydrogen peroxide
Basic HyO, + 2¢ <20H 0.88
Acidic MnO, + 2H,O+ 3e < MnO, + 2H,0O 1.68
Permanganate
Basic MnO; + 2H,0 + 3¢~ <> MnO, + 4OH "~ 0.59

3.2. HEOIE M= 2

O

grxol H 2|0l E M= 2
He20|EE M=sts W2 AAMSYH, SAMeE, MI[ssty dWHoz FEECH WY AA LS
©e o 800TCe TRolA HOIES BN YAOR wEAS o 2t

Fe, 05 + 3Nay Oy — 2NayFe Oy + Na, O
of &2 2ol Z|7} Hestol dE| ALEE = W2 ofuLl, MASHTA wdsts citkst H
tstES M2 & Ucte oM F=E 20 Aot I D2 ALSSIEE HM Aol X7t
UL, B2 olHX[7F 22 E Ot
SA L2 2 NaOCITt NaOHE =&tsto] A =gt Z2¥7| ol H LMstE2 FHY2ZMH HEolE
£ &Yst=s YAolch HolE M= WA F It EEstzof J= galoln, AUt o == H 2 of
E M T 2ol KOHE F0i5t0{ KFeO,2 SHENZR Z M 3515101 AT,

2Fe(OH); + 3NaOCl + ANaOH— 2 Nay,Fe O, + 3NaCl + 5H,O
NayFe O, + 2KOH — Ky Fe O, + 2NaOH

JeiLt ST wwe DA HaolES ¥ AsiAE ZME WMol West, ZBHEHE Sif
oizl 1Al Haloles Makgol Moj ZHEel JhxI7h "ofzct,

My|shets wae M 532 NaOH 8%o| =2 + M7|8 S st 8 832 MatAIA Haiol
ES sMsts wajolch 23 2 YIolAel WSS oS Zoo, MRUES SIBHe =W,
a8D Mol 5% ¥ sZof wet AxEsol 2 ¥Ee oldc

Anode: Fe + 8OH — FeO;~ + 4H,0+ 6e~
Cathode: 6H,0 + 6e —3H, + 60H
Overall: Fe + 20H + H,0— Fe O} + 3H,

ot HaolEel Lot MBli2 252 HeolEel AIMEHE HFste, Bt BT HAIZ WA
of MEtE2 YoiuEloz, XFo| Bolskx| e ol Uck
oFE st H20lE ChAl H|DE oFNstE|of FAIZF B2 JhsE HaolE

Bt HAOIS R w - 244 Mkshe Bl &AMk

ﬂ||0
ol
L
rok

 gkAlo =2 Sharma(2015)




Sten, ofefet 22 WHo=Z M=x& HOIEE 7|E2 H0lE M=o H

7t MAleh ZHE &2 , 2

s & Sot etyMoz Hast = Ucks FEOo| Ut

@ Al MstHol gt3Alof w2t Fe,Oz2t Na,0.& E7hHofl E10 Z8tstod 2F 550C2e] 22 stofl 14
2t Sob Jtduets et 07| = 0.96g2] Fe 02 2.36g2 Na,0,5 éi‘ﬁf‘?&q. 7td =olz= A2
of # & SeF 2Eastol E7tHE A8l = HAAolEo 25t s=E1te| §FE Afchetct. ofet
g2 Ao R HM=xE H MEtE2 cf3nt ZoHNaFeOs, NasFeOs, NasFeOs, NazFeOs, NaFeO.,
NazFeO. 5).

@ NaOClZt NaOHE ol &stol 27| U= HM=etct o Zg7| W2 7|&2 HeEolE M= 33
ME AtEEE= EUolo{, of7[ol & LatE8 F0isto] HO[EJL =t & AFoME
0.48g2| NaOH2t 8.6mLel NaOCI(REZHA 12%0|4h) s Z&sto M=sict HM=& ZH7| SN
2 H0|EE vt W7t HEE 2ot Ch

@ A MstE 2g2 ol2] Mzet 27| o Fo{gtct o] mf AFE Ld Hh30| LSRR, d=
S22 HIZEI|E AMSIHM H MatE2 US| Foiste] Zgsict 222 g g0 LOoLix|
2 mrkx Al gt

@ H stz g7 A2 2eetH Ho|Evt YHEct 8L 2E B L4EkE0| 3ol &S
= Aol otH=2=z2, MM x2| S| ALEst7| flsiME ofntE stojol stot. 7|ME GF/F 72
ZHE AESI%2H, E a2 ofnshlo S:28 ZHE ALEStHdE FEsich ofgh HE A=
HefolE9 gtEME naistol RE|EEL}F Z2 gEMo| X2 HEHX|E MEi5t0{oF Sot o{ Tt S
HOlE U2 N2 AFLEl2 Eatsto] E2 Al AtSettt

0.96 of Fe,0, 2.36 0f Na,0, |
| |
= =]
Heating at 550°C for 1 hour Dry Oxidation
Wet Oxidation
g , 8.6mL of NaOCl1
2g of materials | (14%) 0.48g of NaOH
L ' |
Cooling in room temperature
Filtering with GF/F filter paper
Concentration of ferrate(VI) was measured at
510 nm using UV-vis spectrophotometer.
a2 42, H2olE M= oty
O ¢lof 82 H3SAcZ ZEstH cl3zt Lot gAMLt 42 A2 NaFeO.E 7|E2=z 34
2 ZYsileLt, AMZE NaFeO, CHal of2 H M3atE0| F0E7| = Fhot,

AAKE 0 Fe,O; + 3Nay, Oy— 2NayFe O, + Na, O
SAMS © 2NaFeO, + 3NaOCl + 2NaOH—2Na,Fe O, + 3NaCl + H,O
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b

0.96 of 2.36 of 2g of ferrate
Fe:0 MNa;0; material

\ / Mixing Cooling
|:> m_ oon :

S50°CO| A TA|ZE 7F2
(a) U Mspurg

-

Cooling

i | —_
ising —>
Mixing & Cooling WS A oot mepd
‘ > 9| ferrate(V1) 7} A4
S.EmL of NaQCl
(RaYs g% 0lah d) =2 HAH A

(2E3)
0.48g of NaOH ” 4 y B4
(b) Ferrate(V) &4 & (c)(ﬁzra};jﬂv&%h;
27| EY H=

O 43. = AAolM sdE H2olE M= =2ty

= =i
?
_Fex
Of & O

B B |

O 44, HEI0|E T

B
>
B

o

2 oA H== H 2o E(])

o ¥ HeiE e 3yl 80| S0j30] S M fermate(V),
Wl = BAE LA ferrate(vIl) 2 ZHE B A&

a8 45, = nAolAM A E HeolE et 1hE
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3.3. HEO|EE o[B8 =T 2| HEZIA|0[SE B4

O Alef ZH|

o HEOlE M= Alef . H20|ES M=o ZRst Al2f = Fe0; (98%)2F Na,0. (95%)= Alfa
Aesar (USA) AOlA, NaOH (97%)2F NaOCI (F&¥ 4 >8%)= Junsei (Japan) AtOlAM T&l5HACE

o EH|E2IAtO|Z2 B HESAISF @ B EZIAIOIZ 8 (99%)2 Alfa Aesar (USA) AtollM FIstQd 1, stock
solution2 A =35t0f ZAMHo| N2 AAAE|Z2 H2siUcCt B E2lAto| 22 F=3Me| M= Al pH =
Hdg sl AF8E phosphate buffer2= NaH,PO,2H,O (99%, Kanto Chemical Co., Japan),
NaoHPO4-12H,0  (>99%, Junsei, Japan), NagPO412H,0 (>99%, Junsei, Japan), CH;COOH
(99.5%, Shinyo Chemicals Co., Japan)& AtEsIUCt Ao AtE=Zl= H EZtALO|EE HHE Al
2 stock solutiondl phosphate buffer& < 15 mME &7}sto{ & 100 yM2Z 3t C.

e« HPLCS| o|&4t : HPLCS| o|s4at22Z+= NEW HUMAN UP 900 (Korea, Human Co.) =& M=
7|0l MatEl= =2} Burdick & Jackson (USA) Akel HPLCZ acetonitrile (ACN), Junsei
(Japan) Ate| HiPO, (>85%)8 AFZsIRCE

I
7| Achols teflon2 2 LESHEMN

©
H o
Sl
o o
10
]

o
L m

o
T

AlZ2= Shimadzu(Japan) HPLC-DADE 0| &35t0i EAIstQUct HPLCOl ZH&tEl Z2 2 WatersAt

SA) C18 SunFire Column(4.6 X 150 mm, 5.0 um)0|H{, 2= 40CE RAISIAULC} O|SA2=Z
acetonitrile (solvent A)Z} 0.05% H3;PO,7t Z&tEl & (solvent B)E Al&3sI¥ 20, 0|54 REE2

1 mL/min22 MYSIYECH 2MAIR & 20uLE HPLCO| FI5to] 2451320, H EZiAlo|2El
1£3517] 91st DADSl EZ =+ 350 nm=z MASHFCE

Mol A= LS/MS/MS Z|7|= UPLC/Xevo TQ - S micro (Waters, USA)o|o{, Zt&H

WatersAb (USA) ACQUITY BEH C18 Column (2.1 X 100mm, 1.7um)2 ALE5l0d 2afi=2

1z

0

0 K o rfo oy mo @ rr = Hr A
\J
oy
0x
Mo

MEM StHCH o|SA2 0.1% formic acidZb Z&E =& (solvent A)2} 0.1% formic acid7}
gtEl acetonitrile (solvent B)E Table 12| @M= 2 5104 50 ~ 1600 m/z2| HelolA Z7HY
= =ME sHsICt
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0.2 um
Mylen filter

BN
Cooling water
output —

Stirrer bar |

Coaling
water jnput

=

(c) HPLC-DADE 0| &3t H EgtAt

0|22 5 5%

(a) Ferate(VI)E 0| 8% 2|3t HEZt

b) 222 AE 92 BEZ
Aol 22 2AE (Batch test) B E=sPis b

+ Ferrate(Vl) =8 = U5 A|7H7HES + Ferrate(Vl)= EI2 = Fe(lllZE =t
2 S5ml &, HEL - ZHIT AR 20uE FL.

« AFT AR TmL2] 5mM Na,S;0; « Fellll= &7 A 249 257t + 350nm LHEFO|A =8 Ay E
E F Y6l ferrate(V)E oIt F=71H 2 s oon0=z ANEs ZHZSG Moh= HEEAO 28 53,
ol 2rS & A o £4.

O8 46. HO0|EE ol =& HIE2tAI0[2E oA 2td

# 30. HO[EE o|8et =T HE=IAO|ZE HA A =A

ol = pH 4.0 £ 0.2 pH 7.0 £ 0.2 pH 10.0 + 0.2
1 uM
e % 15We) AW 49
5 uM T 20T
FF HEHAo)ZFd 9 F%  100uM
8 uM
10 uM
O ¥ &7
o MM ZAHOME MY ZI 1 uM F Alel £ E BE2 18%0(04, 10 uM F Al zE Bl
2 95%=2 10 uMe| HZo|EE MAHE m 90% O|Ate| E|EZIAfo|ERIS MAHSIE 7|8 52
M = ALt
. =4 5%0|0{, 10 uM F¢& Al 2[& Esllge

ZAoMel Ao 2T 1 pM T Al FHE ZolE2 2
100% 2 LtEHEtCE E2F 8 uM2| HE0|EE Fele 29 & Eol80] 97%¢ H2= LIEIRLCH
o HI7lY =z=ZollMel MY Zxu A S 2ollE2 24%2 4 =AY et HRSIICE
2|2 10 pMe| HEO|EE Fe ZEF =ois =zolE2 EX
2,8 uM2| HOIEE FUY HF? 99%2 =2 =oige EUct Lot M S MEd mets
2| 5 pMmel H2olE siE 90%0l =& 35t

= s = z
Gich 3 MAHMoZ FA Al ojel 8|mstol £alB0| ASEH A
0 I:I

oM Ao
0x
K
Y
_\'___I
]
_)'|_|
d
R
hu
8
o
R
10

s 2ol st et
« HEZtAO|Z RIS Esi&&0] pH 70lM 7Y &2 OlF& pH Hatol e HaolE2l HE Halz
Addg £ Ack HOIEE pHoll wat & 471X 2t=tE (HsFeO,", HoFeOs, HFeO,, FeOsp )2 &
MEtek ol & FeOs = pH7t 6 O|“°' B ZEX5to] pH 10 ol&ted mw= JH& fHESHE YEjOl
of, 7t et Mol Mefz2 2™ Uct HHHZ HsFeO,= pH 4 oI5t mf EXst= HEjoln{, HIS
do| i = Eetyst dejolct O3 22 MY MEjolME HIS HelolES| gtE4ol ALt et
Hstol 37t M2 A =T 2ol BE2tAtol 22t XUt 2 HEkEl H 2ol E2f fof ot

X LhEtEEg0l E&5 LojLX| @22 AR Eolch HiiE FU[d MEfolM = B[S Heo|EQ|
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S8 2 Huw™ ot g EZfAlO| 2ol MetHtso SEe B3 M S JHX D len, H|IN AS
oF EZXstE 2 H EZlAto| 2Bl AMSIEFS O] YE0| o|FoM S AWz Holct,
1.0 T T T I T T I
il H3FBO4 -
HFeO,” FeO,”
0.8 — ~
e 0.6 = -
9
"g - pK,=1.6 pK,=3.5 pK,=7.3 .
L 04 =
- 1
0.0
0 2 4 6 8 10
pH
T8l 47. pHoll w2 H2o|EQ| 3}stE H3H(Sharma, 2002)

o LCIZ2 3iLle| o|F&= pHoll wE HMEZE XX | o| 25t 20l US HeZE FZEICH Graham et
al. (2004)2 uﬂiﬂr E2ZZH=FE HASZE pH Hsto| 2 25 288 vlwsi¥=d, 2t =2
o| pHoll w2 o|23t MTol wet meo[Eo 2st Bl &8 £EH E2fE £ ot Easiict
J2E22Z HEo/EE o8¢ Edllofl= tHa=2e pH & HASSEMES I3 2eJt US Adez H
cH=EICH

o ZEHMOZ HHOIEE 0|35t09 =52 HEZIAOIZSE S Eollg 29, G714 4 ©f £
80| 717 =2 W2 ZE ZAIEHACEH ESH =5 E|EE2fAo|22I2] 571 100 uM & 90% O|AS

aistr| flalf 2t HelolE 42 1 oHiiel 10 uyMol™ ZEstof, pHoll wat 8 uMIEX =

—— 1uM —v— 2uM —4&— 5yM —— 8uM —=— 10uM

1.oi . .

o
oo

T T T T T T
0 200 400 600
Time(sec)

a8 48. Lhd(pH 4) =2 Stoll M2 H2olE FUgo| wE =T B E2tA0IS2R 6l E(Temp. 1 207TC)
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d(pH 4) =4 StollMel Ho|E FZHoll wE Az

B A=

TS

H Ez2lrlol 28 2l E(Temp.:

£ Mz (F)

0 5 10 30 60 90 120 180 300 600
0% 8% 13% 15% 15% 16% 16% 19% 17% 18%
0% 20% 24% 29% 33% 30% 30% 29% 28% 30%
0% 39% 55% 56% 56% 57% 57% 60% 58% 58%
0% 69% 82% 85% 86% 86% 86% 86% 86% 86%
0% 76% 92% 94% 95% 95% 95% 95% 95% 95%

—— 1uyM —v— 2uM —4&— 5yM —— 8uM —=— 10uM

kil

N

10 L33~ 14 ; r
9
<0.8- X .
> & A A
(@]
% JTAA—A’*_A
O 0.6 1
£
(O}
c
S 047 vv\va/v/,
g |
4
©0.2
(@)
(O}
()]
0.0
I T T T T
0 200 400 600
Time(sec)

O 49. Sd(pH 7) =Y 42 HE:SIAOIZE =& Hl2(Temp. : 207C)

A=

32. Sd(pH 7) =4 StollMel Ho|E Foll wE Azt & Bl E2tAtol 22 Zoli &(Temp.:

TS
0C)
=5 AlZHE)
Folgy
0 5 10 30 60 90 120 180 300 600
0% 18% 21% 22% 24% 24% 24% 28% 26% 25%
0% - 32% 30% 30% 36% 35% 35% 37% 40%
0% 65% 71% 74% 75% 75% 77% 77% 76% 77%
0% 97% 95% 96% 96% 97% 97% 97% 97% 97%
0% 98% 99% 100% 100% 100% 100% 100% 100% 100%
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—— 1uM —v— 2yM —4— 5yM —e— 8uyM —=— 10uM

1.0* .

°©
oo

o
»
1

>

Degradation efficiency (%)

T T T T T T
0 200 400 600
Time(sec)

a8 50. 71 (pH 10) =Y Z< B E2tALO[22 Eoi8 Hlu(Temp. © 207TC)

. G718 (pH 10) =ZolAM H20lE FZo| e AlZFE +F HEZIA0IZE =2 &(Temp.: 2

=5 AIZHE)
B

0 5 10 30 60 90 120 180 300 600
1 uM 0% 6% 12% 13% 13% 10% 17% 20% - 24%
2 uM 0% 45% 47% 49% 44% 47% 48% 45% 46% 50%
5 uM 0% 75% 87% 88% 89% 89% 88% 89% 88% 88%
8 uM 0% 92% 98% 98% 98% 99% 99% 99% 99% 99%
10 uM 0% 97% 99% 99% 99% 99% 100% 100% 100% 100%

T2o e Zsig @ U 2 Hetel Ho|Eo 2ot HEZIAOIEE Zalig 7te HAHAE ¢
ot 7| 2[st0f pHE 72, HEHOIE FlgEd2 2 yMZ2 n™sH MEjodlM =22 10T, 20T, 30C=Z
Bststo] A2 7.&'%'3}@'5} AE Z3 10ColM= 36%, 20T A= 40%, 30COM= 30%=2 2
ocg mel 2siE0l =11 30CHAM JHE &2 He=z ZALEQIC 7I£9 =20ME 20 et
1t1|E1I0IE°I oty Mol FElRlcts AFAnIt e, =20 ZItes ¥dg &t o &

iS4 Hih = 7| °'01'—+

HeolE

52; Macova

=
= = 9
et al., 2009). 12122 E|E2{Aj0|2 2HE JIE 28HoE SuUE 5 YE S22 A2

F
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Temperature
—=—10C—e—20C——30T

(A) 1.0

)

= 0.8+

o

[

.9

'S 0.6+

&= <

() =1.0

_504_ gO.S—- B)

o 2 46 ]

8 £ 0.6

S 0.4

0.2 2 . .

O] © 0.2 1

S | N

0.0+ . T . ; . ; 10 20 30
0 200 400 600 Temp.(C)
Time(sec)

03 51. chbet £2 ZZO|Al HO|E0f o3 5 BIE2IAIS2E 2Bl AT WaHA) 2 HE

M7He(B) HlmIasi= (pH: 7.0+0.2, H20|E FUZk : 2 yM)

¥ 34. Chst =2 =ZolM HE0o|Edl olst =F H EZIAIO|2E 25l E(pH: 7.0£0.2, H2|0|E FT
2 uM)
EX AMZH=E)
=2

0 5 10 30 60 90 120 180 300 600

10C 0% 16% 25% 26% 24% 22% 25% 29% 31% 36%

20C 0% - 32% 32% 36% 35% 35% 37% 40%

30T 0% 19% 24% 26% 23% 23% 34% 32% 38% 30%

O Ho|Eo 2|ct HEZIAIO|S B2 Ealitt=

o« AlE FH| : 100 uMe| HIE2lAto|22I0f 1 ~ 10 uMe| HE|0|EE F0ist ¥ ZE Ht350| 242 =

ARZE M2 = StCH

o A2k FH| : 2 AMFO ZE M= 1 AbO| . HHEEZIAto| 22
(99%)2 Alfa Aesar (USA) AlolA TSI 1, stock solutions M =310 ZtAHedof X2 X2HAMEY
2 Hasiict HeolEel M=o ERSt Ak T Fe.03 (98%)2F Na,0, (95%)= Alfa Aesar
(USA) AlollM |, NaOH (97%)2F NaOCI (a4 >8%)= Junsei (Japan) AollA
o| o|sAt2 2= NEW HUMAN UP 900 (Korea, Human Co.) =& M =7|0l| A
Burdick & Jackson (USA) Ate| HPLCE acetonitrile (ACN), Junsei (Japan) AFe| H3PO, (>85%)§
ALZSIUCE H EERAO|E2E =82 H=E Al pH =HZ 2l AF2E phosphate buffer2&=
NaH.PO4-2H,O (99%, Kanto Chemical Co., Japan), Na,HPO;12H,O (>99%, Junsei, Japan),
NazP0O,-12H,0 (>99%, Junsei, Japan), CH3COOH (99.5%, Shinyo Chemicals Co., Japan)& Al&
StACH Ao APREI= HI E2trfo| 28l 2HS A[2F2 stock solutiondll phosphate buffer& <F 15
mMZ &H7Istod & 100 M2 =2 StQICt.
A

0| Ato) =

[

A
LI

M
\N|
>
JO
i
mjo
o
00
2£
iB
_‘1

=
=]
15

St EP HPLC

ol
=]
A LkE

=9 [L5Y
© ol HEE USJlE ot 740mlel OIBAA Fx2 Sof 3
. el RS Sof WASE 3 :

0%
=
0zt
Rl
u

e

M50 FAE i Xt = S
AE MRSt FI|HoZ pHQF ._% HAd = JAZF stUct 237 detof= teflonez



@ HaolEE Fst 108 <ol HzlolE2t HEZIAO|ZE Ato]9 tng/\I F5 L% NS el
of, ZfF et SESA|2of| HEZ 5 mM NaoS:03 8 1 mLE FUASZH EFSAI2F LHolA{e| H 2
O|EZ olst FIIxQl 832 XSk Ct I2[X2 0.2 um nylon syringe filter2 EE{Est0] &4
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’Foi CnHaM:0s, 413.1343
14

- 413.1343

1.57

1 1%
05l 414.1375

- I 1%
1 | 4151398
u.u-j. e —- - — e it - - — e
4125 4130 4135 4140 4145 415.0 4155 416.0 miz
O 79. 3520 EME=E AHEZH () 2XIE(413)2 EOZ MAME AHEZ (of2) (H0lE FoiF
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¥ 41. LC/MS/MSZ AZ4d HEZA o] Zd9 SN (T E FoA&F .

© 10uM)

SGAIZE 2 Xi2f
SUHHE=Eol 7= 2 ApA D=3

(Ret. Time) (m/z)

Hsc\N/CH3
HsC_ _OH
5 o CoHoNoO s Yang et al.
. 22M125IN2U10
NH, (2018)
OH OH OH
OH o o le) o)

Yang et al.
3.1 CaooH25N20g 461 (2018)
35 CorHorNSO 413 Yang et al.
b 211121IN2U7 (2018)
(Bl E2}Ato]
3.5 CaoH25N20g 445 Sa)
3.8 CorHaoNO 398 Cao et
' e al.(2016)
39 CoboaNSO 459 Yang et al.
b 22M23IN2U9 (2018)
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S ©ol AtgBiCH o Z2 &
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71
o £ =2&E0| F , =& >
= S&™ & (adsorption equilibrium)o| LojLtx, o2 Qlalf F&HA T}
ot O| R 2 S&HME Moo ALBStIA}L ot AFIt Fxuekn Uct

O Z|=of 717 %ol Alg=s S5 MY ¢H2 800 ~ 1000C 122 0o|E5t0f EHe F&2 s HA
st gholct O3 DY S 0|&stes WH2 dHX| ALS™0| =11, 0|2 Qs =2 d|&0| wdst
of, 7| 522 Fl220| iE=+= M7t UACH

O S&HA My Yoz ZHI|NH EXS 0|85t oty Ebstint AOP Esliol Act, J2{Lt o|E gy
LS =2 H|E0| YMstn, stEtEAZ Qs FIINel 2¢o| HME 4= ct

O & dAFoMeE M2 Y22 HEZIMO|EEE 08z Melgd = JUc HE0|EE H=sto] 4t
of ZX{st= HEzlArto|2B 2 HMAHstE, &Mool EXst= HEMO|ZE © 90% olate| MAHES
Sde = AS HEo HOlE TS MAIStDAL SCt

o AH 7y

e 2 AME2 7IEY EY Y FHEE FSHHE Y|He =z St

O SEZHAMEHAAM HEZIAO|2E S SEc ofktA 2 MEHH SEME M2 AFE TSI
of, A= F AMH HM7IX| ghao WS E2ASIACE 100 mL 88 Z2lA30| DA A|ReF =% 50
mLE Fst =, H20|EE F0isIRULCt.

@ g2TE7[0A 150 rome|l £E2 10272t WEstICt o] ™o+ ZE Fo B E2tAto[ZEI0] &
250 Ltg = AL2=Z, HH0|EE FOosIX| 22 ARE W2 Fd[sto] g wEtete = o2
O|EZ ¢Qlet &3l oiFE Hote £+ JUEF sict

® Wt = H0lEJ ZetE SUS=ZRH i A|IRE E2lst, 228 & AR =5(53FF) 5
mLet HELE 15 mLE F0istl FAEH2=Z pHE 3 0|5t2 =HEH = vortex mixerE 0[-8510{ 3
22 netstgict

@ wdto| 22 E =, FEA L AZE 225t fs AME2IZI2 2F 4000 romolAM 2027t S| M 5HA
Ct

6 ZLSEI|E o|2sto] FEA et FelE A|RoAM oe2E M AHSHACH

® MEE MH T G2 A/l2= 50 mLE2 EM S A9 HPLC-DADZ &#4{5t%iCt.

Ferrate(VI)

T AAL

1. 24 A2 ferrate(Vl) &0

1g SEAHCLH
(HIEESFAO] =3

iy
m
ok

+ =7 5mL
+ HERE 15mL
+ HCIZ pH 3 0|3}

2 x5

4, F4E2]7]2 4000rpm _
. I I_ " 5. &S| 0|88 HEE 6. HPLC_DADS 0|22 =3
3. Vortex mixerE 0|25} o A 20271 S|HBl = Aot
o e me AHet ARE 22l
S X = — = = =
I8 83. MANEEA )0l =5 B|E2IAlo| 28 2alAE by
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o=z Zt ZFHMol &=E H E2tAto[ 229 1/108 2k 1/58), 2|10 26f 2t 4842
of adgdstlen], O ZI= offiet Zct HE2tAto| 229 1/10812t 1/580l s E5t= H20lE
F0o{ Al =30 EXst= HESIO|IZE S HFE A=A, SF S=&E
HE 2 EXSIUCt et oz 2B

d43stod, olz ¢ls m2o]E7} B E2fAto| 22l te| HFO| P
A7t Aol =X g2 A2 §ehElch J2{u Heo|EE B E2tALo| ST

M H2olEel ZUIE H|E ZME FHntol HHALZo| oLt HEEZ2

E 42. HB0|EE o|E8t 1At

[

10

| HIE2tAto| 28 Zollae =d & HAs

O8 84, dake| EEAE Hefo|Eof 2Ft H E2tAO| 2R HAE
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H EziAto| 28 . ol &= Fo0iE
- EaH 2 _ Mg
CHe| H 2l o] ELf Q) B E2tAto| 2 HE0lE & (%)
ok (B B9 7|%) ¢ 2l 2F (mmol) (mmol) °
1/108H 1.007 0.16 0.016 0
1/58H 1.004 0.16 0.031 0
OFXLA|
24| 1.0156 0.16 0.29 100
4tj 1.0014 0.16 0.57 100
1/108H 1.006 0.43 0.043 0
1/54H 1.005 0.43 0.086 0
M EH|
2t 1.0112 0.43 0.86 93
41| 1.0229 0.44 1.75 96
1004 [ JorxtA 1001 [ Jaety
80 - 80 -
g 60 ~ 60+
© ©
> >
o o
5 5
x 401 & 40-
20 20
O T T T T T T T 1 O T T T T T T T
1:10 1:5 2:1 4:1 1:10 1:5 2:1 4:1
[Fe(VDI[TC] [Fe(VDI[TC]
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F 44, AlZioll W2 BAE E 13 2 2xHHAOIES o235 AMA) BAHAE ZI}
MEHY ZMEH OFAIH Z-MEL
7
Al2khr) 17 22Xt Helgg 12t 2} XHelzg
8 (ZEAEF RA)  (1R-2%H)A R " (ZMEF RA)  (1R-2%H A1 A
0 99% 97% 1.42% 98% 100% -1.84%
0.25 100%
0.5 100% 100% -0.07% 101%
0.75 100%
1 100% 99% 0.91% 100%
1.25 100%
1.5 100%
1.75 100%
2 100% 99% 1.19% 99% 100% -0.41%
2.5 100%
3 100% 99% 1.12% 99% 100% -0.56%
3.5 100%
4 100% 99% 1.20% 100%
4.5 100%
5 99% 98% 0.99% 99%
5.5 99%
6 99% 97% 1.84% 97% 99% -1.35%
6.5 99% 97%
7 99% 97%
7.5 98%
8 98% 96%
8.5 98%
9 98% 95% 2.93% 95% 96% -0.93%
9.5 98%
10 99% 95% 3.28% 95% 95% -0.79%
11 98% 94%
12 98% 94%
14 98% 93%
15 97% 92% 5.70% 89%
16 90% 92% 86% 6.48%
17 91% 91% 86% 5.46%
18 97% 89% 8.02% 92% 82% 10.60%
19 89% 82%
20 88% 78%
21 96% 88% 8.37% 86% 80% 7.09%
22 88% 76%
24 96% 87% 9.58% 84% 73% 13.51%
25 86%
26 86%
27 95% 86% 9.86%
28 86%
30 94% 86% 9.03%
32.25 93%
33 93% 84% 9.73%
34 92%
35 92%
36 93%
37 92%
38 91% 82% 10.54%
39 91%
40 91%
42 79%
44 89%
45 78%
46 90%
48 89%
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Water Cluality Level of the Living Environmental Standards and
Regression Analysis in the Major Tnbutanes of the Nakdong River
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Absoact

In this shedy, the water quality comparents (pH, BOD, COD, TOC, 55, DO, TP and the water qualsty, obsarved for 10 years.
(2008--2001 Ty in the five mibatarias of the Wakdong Fiver with the highest Sow raes. were anabyzed. Moothly levels of the waner
quality componants wers estmated and resression functons ware used to guantitaEvely explain the changes in the BOD and SO0
Comnpanents, with respect t the TOC componants. The results of anabyring the water quality levels in tenms of the living
emviremmental standards show that the lowest water quakity was ebserved madsiream {5T-3) and the highest water qualiny was
abserved upsream (5T-1 and 5T-). The regression functon was estmarsd to be a insar fimetion in all fve mibtanes, and the
oodnsss of fit of the fumchion was hish apsream (5T-1), midstream (5T-3}, and downsmeam (5T, According to the resression
analy=is nsine the obsérvation dat from 2008--2017, we found that the consumption of disseived oxyeer ncrezsed with an
increase orzanic mater in the major mibutanies of the Makdengz Fiver.

By wonds © Makdonz river, Major toibuiares, Water quality level Fezmession analysis
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Analyses of TOC Efficiency and Correlation between DO, BOD,
COD and Influence Factors using Long-term Observation Data in
the Main Stream of Nakdong River
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Abstract

Hersin, we analyzaed the spatial and temporal varaten of DO (dissolved oxyeen), BOD (biochenical ceoyeen demand), and
COE (Chemeical Oxyeen Demand) with the menthly mean observed data for 10 years (2008201 T) in the mam soeam of the
akdong River. The water quality of the stations declined in a downsreans direction, with the BOD and OO0 showing their
Bizhest vaiues af the 3T saton From the anatyziz ofthe comrelation of water guatity components at 10 satons, the comelation
coafficiant betwesn the DD znd water temparatare was mare than —F 80, and that between BOD and Thi-a was (48-0.85. and
that betwesn OO0 and TOC was maore than 0.65 except for the 5T5 and 5T140 stations. From the regression analyzis using data
tallected from all statons, the water temperatme and D0 decreasad linearty with a cosfficient of determination of § 90, and the
Chl-a and BOD could be descrnibed by increasing power fincions with a coefficient of determination of §.33. The TOC and
20D followed increazing loganthm: fanctiens with a coeffcient of defermination of .38, The TOC effciency at the 10 stations
was estimabed and the averaze efficiencies of BOD and COD were 15 5-363% and 37.4--89 8%, respecively

Eey wandk : Makdonz niver, DO, BOD, COD, TOC efcency
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Monthly Vanation Analysis of BOD, COD and TOC using
Long-term Observation Data in the Downstream of the Nam River
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Abstract

In thiz smudy, monthly averaze values of BOD, COD, and TOC observed for 10 years (2003-2017) m the Nam River
were estimated. and monthly varations of BOD, COD, and TOC were analvzed Monthiy average COD was always higher
than monthly average BOD, monthly average TOC was high from Tube to September when minfall was high Maoothly
carreiation coefficients between BOD and COD mnged fom 0.57 w0 (.94, those between BOD and TOC from 0.45 o 0.93,
and these between COD and TOC from 475 to G293, The comelaton coeffictents were high from Movember to Febroary
when rainfall was low. Begression analvses for monthly average woater qualicy data of the Mam Brver classified inre dry
season (Crotober to April) and wet ssason (May to Septembar) wears conductad Comelation coefficients were hisher in the
dry season than those m the wer saasen. and the dstermination cosfficients of linear Tepression fimctons for BOD and C0D
with TOC were also kigher in the dry season than those i the wet s=ason From this stody, it can be concloded that it is
approgmiate to use manthly data fo apalyze the comeladons amons BOD, COD, and TOD in the soweam To abalyze the
relagonship befwesn TOC fowing into the seam and BODHCOD, it was found that seasomal chamactenstics should ba
considerad

By wonds | Nam Fiver, BOD, CO0 TOC, Monthly vanaton
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Temporal-Spatial Vanations of Water Quality Level and Water
Quality Index on the Living Environmental Standards in the West
Nakdong River
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Ahbztract

In this study, water quality levels were classifisd and water quality indices were caboalated and analysed by using the water
quality consponents of living envitonmenta) sendards montored 10 vears (2008 - X017} at four satons in the West Nakdons
River As a requle of analyzing the monthly variaton of the water quality components of the living ervirommental standands,
the water qualtny in the West Nakdones Biver was worse domnstream than upsiream. and poliution at the WNES located m the
downsiream of the Jomuanerang was the most senoas. As 2 esult of cassficadon of waser guality levels, BOD and COD levels
were the lowest, so water qualicy podlamon i the West Wakdong Eiver was found to be highly influsnced by organic mabters.
Tha water guality index was the lowest m July and Augast ar four stamons. so water gualiy is showing the worst i sumumer
Az a resuit of analyzing the comeiation betwesn the wabter quality compopsnts and the water guality mdex, the comelation
between the TOC and the water guality index was hizh in the four smoons, and the water quality index in the West Nakdonz
Ever was dommated by organic mathers and motrients

ey words ; West Nakdong River, Living emaronmenia] sandands, Water quality level, Water quality index
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Degradation characteristics and intermediate study of tetracycline
in aqueous system by liquid ferrate(Vl)
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ARSTRACT

Tetracycline iz one of the most commonly wed antibiotics in domestic and foreign beestock ndustries to suppress the
grewth of pathogens. Tetragpdine has been reported az @ non-bicdegradables compownd, 5o it Nas Been not completely
remavet in the sewage reatment preces and finally, [t introduzed ints the water scazystem. In thiz study, tetracyeline
was degraded using liguid ferate(\V). Bazed on these experiments, the optirmal water condition (pH and waler lemperature)
were sclecied, appropriste liguid ferrate(Vl) desage was cakeulsted, and finally the degradation patiwwey was estimated
with the Intermediate protucts detected by LOMSMAS, All degradstion esperiments were completed within 30 ssconds
and the optimal conditien was obtained in basic condition (pH 10} at reom temperature (20T). And the approprate
molar ratie between telmaydine and liguid ferrate(V1) waz 12.5:1. Finally, 12 intermediste protucet were detected with
LOMASAAS and the degradation patfvways and three different degradation patfvvays were propossd.

Key words: Antibestics Liguid fervate(Vl), Intermediate study, Optimal sguecus condition, Tetracycline
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