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A Study on the Treatment of Pickled Radish Wastewater Using
Surface-modified Membrane
Yong-Ho Seon™

Department of Environmental Engineering, Sangji University, Korea

ABSTRACT

Surface of hydrophobic polyethylene membrane was modified to become hydrophilic by ion beam
irradiation. Submerged membrane filtration reactors contained pristine membrane or
surface—modified membrane and the influent to reactors was pickled radish wastewater. The
objectives of this study was to investigate the variation of flux and pressure and the
characteristics of pollutant removal such as organics, suspended solids and nutrients with time.
The result of experiments using intermittent pristine membrane showed the occurrence of severe
fouling by increasing permeate pressure rapidly in case of pickled radish wastewater but in
synthetic wastewater, this phenomenon was not occurred. In experiments of variation flux after
chemical cleaning and water cleaning in pristine membrane, chemical cleaning must be necessary
for renewals of pollutant membrane. Performance of intermittent operation is higher than that of
continuous operation. Reaching fouling time in the case of surface—modified membrane is 6 times
as long as pristine membrane. According this reason, replacement expense of surface—modified
membrane could be 1/6 of that of pristine membrane. Effluent from this process was relatively
good water quality and performance in the removal efficiency of SS, nitrogen and phosphorus was

particularly higher.
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[Table 1] Analytical Methods and Equipment Used in Experiment

Parameter Analytical Method Equipment
pH KSM Orion 290A
Temperature KSM Orion 290A
BODs KSM YSI Model 58, Incubator (R—IB120)
COD¢ EPA Standard Method Shimadzu UV—1601
(Closed Reflex Method)
CODwn KSM Water Bath (Lab—1060)
TOC - TOC Analyzer
SS KSM Vacuum pump (DOA—P104—AA)
T—N KSM Shimadzu UV—-1601
NHs =N KSM Shimadzu UV—-1601
NO, —N KSM Shimadzu UV—-1601
NOs —N KSM Shimadzu UV—-1601
T-P KSM Shimadzu UV—1601
Al EPA Method 3050B Atomic Absorption Spectrometer
Fe EPA Method 3050B Atomic Absorption Spectrometer
Ca EPA Method 3050B Atomic Absorption Spectrometer
Mg EPA Method 3050B Atomic Absorption Spectrometer
Na EPA Method 3050B Atomic Absorption Spectrometer
K EPA Method 3050B Atomic Absorption Spectrometer
Cl™ EPA Standard Method 4110 lon Chromatography
S0, 2 EPA Standard Method 4110 lon Chromatography
n—Hexane KSM -
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[Table 21 Composition of Pickled Radish Wastewater

Analysis Item

Analyzed Data (mg/L)

Biochemical Oxygen Demand(BOD) 2,735.0
Chemical Oxygen Demand (CODwn) 1,666.8
Chemical Oxygen Demand (CODcg;) 5,360.0
Total Organic Carbon (TOC) 1,380.8
Suspended Solid (SS) 805.0
Total Nitrogen (T—N) 174.3
Ammonia Nitrogen (NHs"—N) 40.8
Nitrite (NOz —N) ND
Nitrate (NOz —N) 0.483
Total Phosphrus (T—P) 28.2
Al 11.764
Fe 1.666
Ca 66.7
Mg 91.0
Na 4,300.0
K 374.2
Cl 7,282.5
S047° 296.9
n—Hexane ND

et & 0] Aol ofati Aol Hw
7} 6,000 mg/L oJAtolAE unjAlEe] AT
FEFS A= AR A qlo] & A
Hlg=o] A2 O wrl 7,282.5 mg/Lo|ng ]
AE ST IS 7]X 1l 98-S o 4= gk
3 AESH Eal7s4d2> CODo/BODHIE ZF
A9l 7Hs4E Bhelgt & glom, COD/BOD
Hb RS RS Aas) spselth e
COD¢/BODH|7} 1.6 olstd o A&Eskd 2 2)7}f
7Fsstal 1 oY Hﬂ—t— %ﬂi} H4 HHﬁOi
iaaa«b Ro] v
£ COD¢/BODH|7} 1.960.7 A

ﬂ6P7l°ﬂ— oj32 LFTOH*J % o
e olejgh Bdo| ¢
=He WA= Aii Ah—aa%u}.

WAJo| 23k NjA|o] ufge] #lsA2] Ald
2 z7)o WEY §3Fo] 30~40 ton/day (LA

.

or

oY A19F, ALE, 2011

80 ton/day)o|lot dAfol= AA 1 &
o] 10 ton/day ulqtog GaFo] 7kas}h
HAE Z7] vkoeg AHelste] AFAIA W
258 W F =2 Aol 3l
OFZ M|AE NaOCle AMg-sh
of A== e

@ g2 ol

o2 B o
T
L

EL
=
30,
2
-0

B
32
5
.
-
pJ
Ll
£
mln
;L;

fr
i
N
o
_o|_15
Lo
=2
o
)
>lﬂ

£
?&i E”
°
rlo

N

o b

%

(e}

2

© i AN
e
o
k1

o] E@EOIHW UH
Lepfo] thER]u|4=e] Ak4of
19] gl AbEjolct.

|wst7] fIeh FAdul4=o] 24| =

A2 AAFESS SREXHSE CODe 5,360
mg/L, CI™" % 7,282.5 mg/LE 7|1Z202 319
t} FAH4e] 242 Glucose 3,326 mg/L,
Sodium glutamate 1,087 mg/L, CH3COONIL
1,416 mg/L, MnSO;s 41 mg/L, MgSOs - 7H,0

S 4o Bon
ol i
3
flo (;P_IF
Xl

il
>
)
¥
1o

s

N

flo



ENE 225 1§ R A2 #3769

132 mglL, K:HPO: 362 mg/L, KH:PO; 247 247} 3.8%, 1.5%= A7 E9kom uhaka
mg/L, CaClz 82 mg/l, FeCls - 6H:0 7 mg/L, Feoll gt dF T= Fe ¢

NaCl 11,800 mg/LZ Ar"o| wrzd yag 3 AT Aol o3 FEke] e AeRE AlRHrh
z5fo] A5k A LEA B0 o fHE] S
[Fig. 2]= 7+d4 HVH;““POHH CHER =<1 o] o] MEAR Fdo] T IR
AAel Hgulel e T3k Zeag wm AFER 9lom'? of7]d tiEke] dio] gt
3k Zoltt. A= 8*]@ Zofl AYpe= f ol HL FE&HE AP itk wekE
SEA| ool A9 uo] wgl AEjol lev g o & 1EA 2248 dor fio] AEEo]
Fi 1247k0] Auhe ZeAv) 22 Lim'/hra ol El= 2R3t Aol Yehtbe doe=m
Ao W7t glo] medge WAsHA] o= Ao AEct.
2 AkRETh 1247 $9] fHdHe Aele] A% wEba] A7) wieke o ekt P SHA|
of ety AFAIKES 5.5A1EC 2 TEF]o] AR|stofof ko] gl @AE &Y 4= Qlo] 1B
= AdHiolA A& ] &4o] 71ssltt =5 gojxy £ 5= QU
o]& [Fig. 3lolA 21T 4= glem [Fig. 3]
© F3t orel wiakE ekl gk Ao 3.2 SHENY 20| ot EMY S0 o
Ae B ol F738] S7lske] ARt e o| ¢fint SHA W3t
o] dojgs & 4 e A= 124710] [Fig. 4l= TiAlFlse] o8] 2w =2 A
AbeA Ae] hesit glol shede Wk sk SIS REART BAS St A9
%) ore Aom FAHC, Aol mE B3 Zels @sE ve Aol
Axwel FATae] G SRS Zgsd ukeelo] AWEY uw R Zeat 343 4
35
an r
LT
Y T
. , »
Em g
£
2
ERL
w
m -
L3}
U 1 1 1
I} 1 2 3 4 b, B T a 9 10 11 12
Timethr)
—*— Pickled Radish Wastewater -9 Synthetic Wastewater

[Fig. 2] Variation of flux with wastewater properties in intermittent pristine membrane.

J of KORRA, Vol 19, No. 1, 2011



E00

500

Pressure{mmHa)
[ix] N
(=] [=]
(=} [}

]
=
=

100

Timelhr)

—*— Pickled Radish Wastewater -9 Synthetic Wastewatsr

[Fig. 3] Variation of pressure with wastewater properties in intermittent pristine membrane.

Flus{Ls/m?/hir)

Time(hr)

| ---%--- Chemical Cleaning  —*— Water Cleaning

[Fig. 4] Variation of flux after chemical cleaning and water cleaning in pristine membrane.

oY A19F, ALE, 2011




BENE £BE o8 T FEAAE 2] BEF o7 71

71HoR ukg AIgE] =AY dF7Ite]l =d
Az wro mekg 8 Folof sl EAIE <t
3 9lek 53] o] whEA|mSe] o8] Atk
A= BAFoR AAEI7E wig- oA
wheba] FEAIAS Slolok gith SRRl
NaOCl 0.3% oS xpgslo] faatdon of
FANPE ALH R AJFshH dhe] 0| GF
S Fo] AAgEo] AL A
ot EAEY MY & EHAE vuskH oF
EAET EAEe] A9 %7 ghol zizh 87
L/m*hr, 4.2 L/m*/hra <FEANAS] #H9erl oF
2.1917}F Qo T3 wro] uhg] |AE o Hy
Al dojuba] okEAAS Hadh Aog AlREL

[Fig. 5] kAR BAY o) Azl4
EA 42 HEE Yehd Folch kAol &
MAET go] Yot ¢ 4%t AJ5S YEY

3 olth A4 BAHOoR Sy gleia uhel
L
5

il

571E 471 Aztste] 1710 s oFEAdE

o) )
b THE 370 A4 exishs Zlo] ulere
o

3.3 HIZAStD} JHREt| AlZtol W2 =
A9} Q12 s}
[Fig. 612 ulAuat Ajgarla Aztel uf
2 Eels weks tehdl Solch Aaste] 49
]_

P
o
°
r\l
%
)
1o
o,
o
N
o o

E00
500 | sy gy =
e

a0
=
]
5 300 1 /G‘
g -
o
o
=]
& 200 o

100

oo
1} - I
0 1 3 3 [ E T 8 |
Timethr)
| ---#--Chemical Cleaning —O—WaterCIeaning|

[Fig. 5] Variation of pressure after chemical cleaning and water cleaning in pristine membrane.

J of KORRA, Vol 19, No. 1, 2011



10
S -
8 ‘\.\
T AT )
S-G-G- G0 e [ ]
L -—e—ee_ \
-~ B bo-o-a, & Y
= L .
= 'y \
E g \
= e\
= ]
)
L ( x
[ I
ook
&,
? o)
: N
1
~H
i A A A A
1} 5 10 15 20 25 30 35 a0
Timethr)
—®— Continuous Pristine Membrane ==& |ntermittent Priztine Membrane
—*— Continuous Surface-modified Membrane ~—& Intermittent Surface-modified Membrans

[Fig. 6] Variation of flux with time in pristine membrane and surface—modified membrane.

E00
500 ¢ » e o S 1 .
’,.}?—o—o—c—q_—o—p—o—oﬁ—e}-e}-e—ee»—a'c" R S
oo / e’
il e "
o ]
400
=
]
1=
£
@ 300
a
oy
oy
@
o
200
100
0 . . \ L . .
1} 5 10 15 20 25 30 35 40
Time{hr)
| —®— Continvous Pristine Membrane -~ Intermittent Priztine Membrane
—*— Continuous Surface-modified Membrane ~&— Intermittent Surface-modified Membrane

[Fig. 71 Variation of pressure with time in pristine membrane and surface—modified membrane.

)

oh o] AHERE A gde] A%A & Awth o 949k & 4 vk

oY A19F, ALE, 2011



[0
kol
5]
3
Py
M
A
45
o
s
%o
<k
-
¥
=)
>
2
AU
<
&
Sk
e
Ny
~
w

w
I
T
]
1]
2
i}
o =
1]
2
2
x
10
N
MH0
e
4

©9] CODe =0 sk
g 2o 3L A=
=

s=o] 1 ARE2 AMEI

-

o] th 3 Hol shpHom Halsisy)
B o] ALEE 2mafof Gek Aolth wir)

Aleko] BRI, AR =T o Astal AY
< HAA 7} st SAAe] 4vf o 4
I FFAL} factor 4bEo| T 7hhE7] wiEo]
. v ZERo] W EL AslElo] ¢ =2
oz m3Ewo] o2&l Atk ek o 77|
ol o Bt A5 HolHE AR Yo A
= © Wol ARgEIL qlow ¢fog ek
o] WpjoR b HET rhesidol A WYL
2 dE ARSET Qlok wEbd 2 ATtoA=
A5 CODe: s=5 &4t

viziAer ALAl wZfde kA, JfEE A
A1, WAdr 7+ Al o] e Z4Z+e] CODer AlA
2 81.0%, 81.1%, 81.2%, 81.6%= # 2] H]|
gF CODor AIAEE YehfaL glom §¢ o
A|F=2] Hi CODe &= oF 5360 mg/L
1M AHelg4e] HiF CODy %= ¢F 1,007
mg/Lo|jer i CODe AL 81.2%0]%
o} SFollA] Arggt viel Zo] whe] mhggle) 9

12 ol o b

[*]

A2, 7 Y 7184, el A%4), JhEet
7r8a)e] o] AHulgr ot CODe sEollA
o 4= Uxol 7+ AS Ao fU1E sEY
Hok= 374] Fe Zor At

[Fig. 9] 7z} #A<99] SS Hr9o] HM3l= et
W Zolth B{EA(SS)S 54 dAgEo

ol BALS vehith RREYe sho 0@

£40] glo] CODSt Zo] Fa% AZe| Shtz
sh4 9 o] ubEe] @i Qxpy waEel
I 2ol 2% HPH ] fYHE BB
Ao| Hahg o 4 glom] §E4e yaEdel
Fe ZARORA Helngs 2T 4 Utk
E3F SSE o] Eugvbe wAEE Fagt ¢
BOoR S wEst F7bshe 9| Fuhgo] do}
NI 4% AR A of Qe mn
SS =7} 50 me/L olstolm efFel WAL He
e 4 AR Fole] PA A BES §4
371 SIsiAE 25 me/l olstel Aol miast
o e E S e = B Eoe

A%, A FEAle] A4S Zztel SS AlA
28 99.7%, 99.9%, 99.8%, 99.9%= A9
100%2] SS AA&L Ll glom §9) o
A0 B SS EE °F 805 me/Leln]
Aol WP SSE oF 14 me/Lelglon] B
SS AALS 99.8%0lgith. wheby Bromy ¥

8] e8] AAEES & 5 ek

7 g
Axt f714 Ak W B4 Ak FPo
2 714 Ahelt ofulwal, EeifEs G
Ae NI ol f1skREe] Wit Uk
R4 Akol grmuoby et ofuAg A
& AN Wk Fol k. Wat uzo 38
& Fof ShiR B Ao 4] B4

J of KORRA, Vol 19, No. 1, 2011



BOOD
5232.98 5252.98 i real
5000
4000
=
T
m
£
ga3000
=]
(5]
]
o
(5]
2000 ¢
1007.4 1000.5 1020.4 1001.2
1000
D i i i i
Continuous Pristine Intermittent Pristine Continuous Surface- Intermittent Surface-
hembrane Membrane modified Membrane modified Membrane
[Fig. 8] Variation of COD¢, concentration.
Hi 850 850
800 - 780 780
700
EO0
=
\3500
E
o
=
S 400
w“l
wl
300
200
100
2 1 1.5 1
0 L L L
Continuous Pristine Intermittent Pristine Continuous Surface- Intermittent Surface-
Membrane Membrane modified Membrane modified Membrane
[Fig. 9] Variation of SS concentration.
§l eyt Qi o] shdolu ZavofA 7Y I dov)= YdEHel A& HH

LB A19F, A1E, 2011



AR

QrmUjoby Mol WA Aotk ofefst
oI 50l 4 2ol A vl
A 20T F AALE S
o]
A, w74

sk 9, s gl 4
T—N AAEL 62.8%, 63.0%, 62.6%,
7ol ulsgt T-N AA &S veha glon §
9 wEAsse] W@ T-N SEE oF 1379
mg/Lols| #el4e] g T-N& of 51.3 mglL
olglon] 7 T-N AZA&e 62.8%0]%ch &
AR ore] T-N AAL nExe) meks

63.0%=

EUNY £eog o}§7t BRAAS Aol B3t o7 75

gloA] Fojopiio)r] whie] Rejorste] Felel
o] Hal gl HAAe| HEE AEH e=Eal
AL wlo] Ao SO Sl 7] ol
ge 2 B} BN AHH oF 2
AL B 4280 Lok HHF| Halso] &
g o2& Pz Sokict

[Fig. 111 2 492 T-P = wisto] gt
Aow A A%l u e kA, A
O @, A Ae) AS e TP
A L-L 64.5%, 64.5%, 63.4%, 65.4%= 712

ulgh T-P AASS vehfn glon] fel o
wx)d|4e] B3k T-P Hwt oF 150 me/Le]
u Aol W T-P o 5.3 me/Lojglon

wes] wAE AEGACR o wel AmE 2 BE T-P AARL 647%0|%0k ot e %
o= AR ° AL ekl Ao 9l A FHOE A
Qe Aelg FolA] mlEF EASAR, SIS & 7RsE Aok
Wel QlBterEe AEAs A4 L R 9F
o st AR Qikgo] FHsIsH 3.6 oto| EX Tx I I2Y YA
o), AL MRR tF ASET ek wAu e, shew o] EuTes
e WA W mRe BYTES WA SEME o|gslo] ZAsigon ol [Fig. 12]e
160
140.5 140.5
180 L 135,36 135.36
120
S.IUEI F
o
£
480
S
=
= B0 50,4 501 52.5 52
40
20

Intermittent Pristine
Membrane

Continuous Pristine
Membrane

| |nf, DEff

Intermittent Surface-
modified Membrane

Continuous Surface-
modified Membrane

[Fig. 10] Variation of T—N concentration.

J of KORRA, Vol 19, No. 1, 2011



16 15,3 15.3
14,66 14,66

=
s
= 10
I
[ 22
(=1
o8
o
1
ik
B 5.2 5.2 2k 53
4
2
1]
Continuous Pristine Intermittent Pristine Continuous Suface- Intermittent Surface-
Membrane Membane modified Membrane modified Membrane

unf, DEf

[Fig. 11] Variation of T—P concentration.

(a) Prisine membrane (b) Surface—modified membrane (c) Fouled membrane

[Fig. 121 SEM images of membrane surface on pristine membrane, surface—modified membrane
and fouled membrane.

UekRgion] 30000k Shet megolct vl AfEetel B AgebA AlFel BAESh uhe
Aaolut Ajdete] Ew Fxi A Mkeht  YE ue egEdel 9sl U Eug o

oY A19F, ALE, 2011



71, olofl utE = AAA

o 15 rlo

tht Mo % e

18 @
oorr o oy "

—

o
o
N
S~

>
of

K}

£

>

]

oX

o mx
1o
é‘
il

l
o
il
]
m Y
(st
i
&

BN £ o g3 BRARS 2] B A7 T

Algol molx| gpgleh. et shews o)
o] ol T AL £4A FelAle Ao] Fas

AL Aol A L Azl
Aol et A7

u=
AL Fo] o AT A
pre] slee] BAH shewel A7 W
waEy) s e AXF we) A

=R
v r2
=
i)
e

g
i)
o
N
i
i)
f
(¢
i
i)
< of
o2
o
M
ol

Rk P B e B e R o
=

lo o ot o

M on, oot o
oX,
-
Ep
2
=)
il

o 40
o%: W
R
e
S
o
N
1o
2
o
L=}
o
oX
uj
puch
lo

Hms 12407k0] AuE Zeavt
“hrz 7ol wslr} elgick
et Ke] AAT, AR
=3} o] FH3] Fvlske] A3t
Aol o o ¢ glont Hy
A A wslr}
AAf Aol ZAfs)

)
¥]
I

LA
B

o > et
ool rr 4
0l

g,
*’)
p
_
%)
>
>
[*]

502 )

L/m 2/hr 4.2 L/mQ/hri R A A O] AT}
oF 2.187} Egton ofZAgo] EAAR
o} ¢fgo] W ure] uhgl d4dE o ¢t
Al dojupa] FEAAS Hast Zog A
2Ec}

HZ w7t A A7tel| w2 ZE

9 oty Wzl AW An, kel Fov)
7jdete] Aewct s =gtk A
7to] oF Gu7} B2 JfFute] ASr} d

\
o) WA H§E /62 2 4 9lon 713
How AFT AT A% 3t
A9urt Aol o $<stint
5. ®wAd Helma v B
gt AR FEY £ vehia 9
a] o

ARA}
o] =Ro 2009d% AMX|tfslm mu du]
2o oJat Ao g olo AE =Uch

1]

ro

==
Fe

1. 483, “§54F
A 718 L A, A, YR FEIA,
24(4), pp. 353~360 (2009).

2. BT, S, HHT, PR, 9, “APID

34 W 5071 Y 18R] eAnE A

A E 0]83) Loop Reactoro]

o e skEshAels]x], 25(6),  pp.
872~878 (2009).
3. BHE, |23, AH, 1

% "SBROflA d
et ONuP7E e e} A7l vialk= 9,
oetebg5ats] %, 24(2), pp. 251~260 (2002).

4. A, AAE, o147, 254, "etefefatel 9l
o] A ute ¢ oﬂ oJ%k Si UAF B WA A7)
7o T =) 7] EeEl A,
17(1), pp. 92~101 (2000).

5. ¥pER, W=, 389, A%, "EAlskeel A 9]
BEetA EARE 9t MBREH T o

O /\ = ”
BB,

J of KORRA, Vol 19, No. 1, 2011



steba el ole vlAE BHE R B4, @

e3Asts] 2], 25(1), pp. 120~124 (2009).
=2 24ds

6. 2, o3 7183, 2y uk

R H(Two Stage MBR)OJA] YH 43k ©
_]

ket SH-A Frlell ogt Aa 9 AA|A EA
18(2), pp.

of et A+ I=EeEEtEA,
131~140 (2002).

7. SFAE vbAs) ZRE QAR “E3) gkEg]

g0 gt At solAe] At 3
2 OislEkAaslks] ], 30(12), pp. 1273~1280

(2008).

8. THA, A18T, TAT, ‘ol ma whgel o5}
o] Fystel Bejmeud GRS ol 83t A
o4 HelA)l ulAE SA L g1 A, B

= AEF53] 7], 17(3), pp. 235~240 (2002).
Foll, Fele

9. 278, +RoY FHAENE
(2002).

10. APHA, Standard Methods for the Examination
of Water and Wastewater, 20th ed., American

Public Health Association, pp. 5~17 (1998).

oY A19F, ALE, 2011

11. 2

12.

13.

14.

15.

16.

3, AN, AT, AHE TR
AR o] v)x= dEsEe] IF, o
qrebg-35t2]A), 32(3), pp. 256~263 (2010).
g, M7l 8T, "HAAERESl oJgh
FEdlg et w50 ey A, o
ehsb-5ek3] 2], 19(2), pp. 153~164 (1997).
Zlo] 61 ]73]2_;1—, “\:ﬂ—ﬁ@—‘&] 9:]—/(—1/_\.31;(] /\l/\EC}]
AN sred urolay, cHekEld-Eets|X)
22(2), pp. 323~329 (2000).
A, qABege, Pt £ U
o] @58t Bl W asleint o B4
3lElg28)3] %, 25(6), pp. 778~785 (2003).
Metcalf & Eddy, Wastewater Engineering :
Treatment and Reuse, 4rd ed., McGraw—Hill,
New York, pp. 967~969 (2003).
Wett, B., and Rauch, W., “The Role of
Inorganic Carbon Limitation in Biological
Nitrogen Removal of Extremely Ammonia
Concentrated Wastewater”, Wat. Res., 37

pp. 1100~1110 (2003). 5



