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A study on possibility of using CST as a fouling evaluation index at MBR

= = *
ALK HSH- AN 27

Yun-Ji Kim-Yun-Jeong Choi-Tae-Suk Sim-Sun-Jin Hwang*

Zalrfetn Ustchstel Bzg g st

Department of Applied Environmental Science, Kyung Hee University

ABSTRACT

In general, trans-membrane pressure (TMP), flux, filtration resistance are used as indicators to evaluate the degree of
fouling in MBR. However, they have limitations in determining the level of EPS generation, which is known as an important
factor of fouling. Therefore, a new evaluation method is required to monitor the amount of EPS generation. In this
study, the applicability of capillary suction time (CST), which is used to measure the dewaterability of sludge, was evaluated
as an indirect fouling evaluation index. Statistical analysis was performed to evaluate the effect of EPS on CST, and
to determine whether EPS has high similarity with representative fouling evaluation indicators and CST, and quantitatively
compared them. As a result, the correlation coefficient between CST and bEPS was 0.7988, which was higher than
the correlation coefficient between filtration resistance and bEPS. Since bEPS is a major factor inducing fouling by affecting
the formation of the cake layer, it was evaluated that CST, which has a high correlation with bEPS, is suitable to represent
EPS. In addition, it was evaluated that the correlation coefficient between filtration resistance and CST was high as
0.7187, which could be used as a fouling evaluation index.
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1 MBRO{IA fouling B7HR|E2A CSTQ| &8 7hs-dofl ciigh &t

1.M 2 E=E5h7] 9% d9t7h Zasietal dehEh
CST(capillary suction time)«= A& A 2Q] E4A
2475 A EA B g gk Q1A 7St = B Slsh ARgEE, SAAIKe] Bl S
weh R A7|Eo] ZotEe] Sy tiEEe st o] Ztcksto] vl§ a&A ¢l W or ity glck
HeA YA dS 1A YFEE st A8skar CST &H7e A7 2= U Hi, 1FEQ =
AUtk FTol= HPE FAYEE AEHO0RE 0|85 ol dF= H %ﬂ(Vasﬂmd 1988), 53] Ax=9] A5
7] 1%k Heto 2 A shpAjolgof tigh alo] S L&Y A7E EH)5HE EPS7F 899 HEE E9
g} Ee] Ael4 el 7Hse MBRGnembrane  CSTE Z7bAZ 4 Slehs pgo] Estel, 24
bioreactor) -5 2] A|-&AH| 7} 57}3& ATk o] EPS %9} CSTY] HAE wotalr] &8t d77t
MBR-& SS(suspended solids)S 73] Ajo]slo] 1L 3= a1 9tk (Jin et al., 2004; Ye et al., 2011). L&
£ AYSE U & otk BT U BES ) ofr] senelAd A Selxel mpsel
ARgRtel whet fouling ®HYo] =79 stt;. MBROJA] CSToFO] AHTAE vlugh ookt A4S =W
fouling-2 o EHof| FAE= cake layere] FaFo] 7} BE EPS %7 =& o CST7} 5715 vehd
& E Aer dYA e, ols &4&59A floc, A97F R, ol &£uAY AdAtol Al
] AEo] EH|gl EPS(extracellular polymeric substance) W] ol EPS wo] <sFolgtal weslr| ojH)h wat
9 FroluA EFo] EsA HEde Fxoltt Al EdRE Aol Wigt EPSe} CSTY| AHaAE

AE oA Tietels) sig Aot Basi.

(Zuthi et al., 2013). FoulingS & 4-3}3}m oF4 2 ¢l A

2HE &) 9l fouling®] 8 FEEHR CSTE| &4 7ol MBROJA fluxE ¥+ 42 o

2 X1 EPSof| T3t A-t7F EdstA AP Qo S} 7o S AMIS 7}A fouling B 7HA| EEA] CSTE)
EPS= = F ol whet 8= A S2ol= AH 2§ 7Hs/dS B7FsHITE MBRE o] H5tE

2 Z735}= soluble EPS(0] 8} sEPS)2} n] &9 A oJ3f] ghof| ekgo] sl A wke] nA3t 3= Fol A

FHo|| ZA3}+= bound EPS(0]|3} bEPS)E = 4= <) o] |45 A= FHolth E3E MBROJ A HIRISHA|

e >

o d
t}. sEPS= MBR X Zx7|o Ee|ue] = o HFAY 5= fouling 9 3EHO| FAJ &= cake layero] 2]
FztElo] FHMS S 4= 9lon, bEPSE cake Sk BabAgre] ko] 7Y 2 AR dElA =,
layer @40l 71013} (Judd, 2011). EPS®] 80%7} ©F o]l Lajx| BaA Wy S0 B o @ ARRE| T 9

WA W R o|Fold Q7| WRe] EPS] AR CSTO] AUt mATetol ks At b EE g
% protein?} carbohydrates F=Z EA35}0, proteine =29] Eulr o wte} 11 Zro] ZAE L= HoA o

MBROJA] dHFA 0% ARGt xpAdufo] gt # = AR AR 545 2 ok & 4 QU o
ZkA]o] =7| w&of P/CH|(protein/carbohydrate ratio)”} SAME S vlE o 2 fouling H7IAEZA] CSTS] &8
Eeo5E fouling % 7FeAdol Eoba Hright HedE olEAler Felskglon, CSTEE 7]&E9
(Tian et al., 2011). fouling H7}A]79}e] FAMES BEAs| Adxor &
MBROJ A] fouling HAJE & A5 Hrlstr| ¢ £ 7N FHrtsl= Ao] FHQsit)
3t A FE 2 TMP(trans-membrane pressure), flux, of3}A] w2hA], E Ao A= MBR systeme THANC 2 fouling
F = ol&siH, I AL A - A|AFHY = Btk 2HFAQ AFEA CSTY &8 7HsA
fouling WAIHES §eki do] oleh e ol & 4% % FAHCE WSk EEH MBR
SA9 AHE EUE™sH @dAZE Sk AL WA= EPSO] AAIWS7E CSTof 1A
Fouling®] 8 <LUA=2<Ql EPS WAi=zFo] W u = o9k Hrislal, EPS7) 7|9 fouling H7FA| %
TMP 545 0] S7F E+= cake layer &/do] 2J3t of S CST & ofu3l 53 FAMIo] 24 &elst
AT S7H7F B BE Qe (Meng et al., 2009) & 7] S8l SAEAS AAISHEE MBROJA] fouling©]
2] AFel Hate] 243 Ql vheS yehdtta 3 8 Y%e=m HriE= EPSeF vhE S4 dus 1t

[e]
TS e AL o5& FHFA

F9 Yelog
7Fst71= oldth o]of| me} foulingS H7Fst &9 o] AWIA S
22X CSTY &8 7Hs/4dS H7hekdioh

o) AdE BUHPS 5 Ut A2 BhEe 2 wage

lo
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A 2R M B |
D ofmpH Tuh g Aol AFEA £ RS AAN g
Gommel Adstel, E4RT AN §U4 B
2.1 AlE £2iX| B AsHom 2UHES sk Ei & 23718 g
e - ATk Ao Alest oro
B ATOIN AHSH BAHLUAL o B o] P00 S, Sl Aea He
T oA ME shel o, AF 7|7} Eot S Alat B PVDF(polyvinylidene fluoride) Z{j&e] F-gAbdfo]m,
o J = 8k B
2 AR o UL ABSRo] £oAA Ay oo HIE A Aeks At 5
-3].(}33\1—4_ oll:l]-7<4 og D:]—/K '/_\'HX] HHOJ:_Q] _;;q;_(j' F/MH]—E- '6'5(— 14-]01] /gxlol‘ﬂ‘:}~
upo] §EWAI HRTS wefote] FHe4e 20

0.2~0.4 kgBOD/kgMLSS/do|t, %2 C/N/P H]:= BOD :
N:P=100:5:1 32 d&fx et 2 AFoA] AR
g AE&eA= o FMH] 0.3 kgBOD/KgMLSS/do]| A
wjeFetalon, FFdFE A ONP vlE =5}
o] A|zgh & wleFoll AME-3FSATE ThA¢l 0 2= glucose
g Ahgshilen, Aadd NHCL e KHPO2
KH,PO, & AHgstoitt. &2 2] ekl 9lo] pHE 7~8
FABIA o, 714 o] gof w2 FAg pH HE}
w2517 93 93 E oz 277 02 NaHCO;
100 mg-C/L )31t} vjokeE = 25-30°C2 44
5}3lom], DO= 2 mg/L oo FAH =S FE3t A
22 135190 ) vjoko] AaHe]| wat MLSS
b S7ksh7] wiiZol F718er &AE Qldsto]
7,000~10,000 mg/L7} E=& At}

et mlm [l

QT S BHLeHe A
2 Wk AT SA}S1A F/MH] 0.2 ke-BOD/kg-MLSS/d

=] 0
I

2 dgstgon, 718 % IR FrE 3078
mg-C/Le} 41 mg-N/L, 8.2 mg-P/L= ZA|5lo] 2334
t} (Table 1).

Working volume 10 L2 91<4:4] Hh-g-Zo| LA &
7,000 mg/LE HFot o, AHAR] 1442 Fig. 13}

Table 1. Experimental operating conditions for MBR

LMH= dAst o, o tHo| F2}E cake layer Y
28R A 98] F1HO2 AN
3}tk A= 3L (EMP-3000EN, EMS Tech, Korea)2] 3
2O REF ol§8f A - FA L A L FAE 9
min : 025 min : 0.5 min : 025 min®.2 A3t} TMP
272 o3 -100 kPa7}A] ZA o] 71311, £0.1% FS
O] A& 7= A A|(SBU, Sensys, Korea)S A5}
o), 24T eigre o] AT A5 A%

orel
A2g HAL 91

_I

Ay

o] Z|zHlolH & 2-EH ek

Water level regulator,
Temperature regulator

: 9

Pressure
gauge

-1 Peristaltic pump

Fig. 1. Lab-scale MBR set-up for EPS experlment

Working volume 10 L Type CSTR
Flux 20 LMH (14.1 mL/min) Temp. 25~30°C
Operation cycle (min) Filtratio?l :: (;zegt :: %chv?zazsil : Rest Do hlgzh?;gj}ﬁan
HRT 14 hr pH 7~8
Inoculum Activated sludge (S-STP) MLSS 7,000 mg/L
Membrane material, type PVDF, hollow fiber Pore size 0.03 ym
Glucose 100 mg-C/L, NH4Cl 41 mg-N/L
Composition of artificial influent K,HPO, 4.1 mg/L, KH,PO, 4.1 mg/L
NaHCO; 100 mg-C/L, Nutrient solution 1 mIL/L
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MBRO{IA fouling B7HR|E2A CSTQ| &8 7hs-dofl ciigh &t

2.3 24
2.3.1 CST &4

CSTe EA=REH F&d o] 2AE 54
ol ofsto] oxef A &

ARt A7IAEE ol8sto] 2 o
=
o

=
£

ikl

(a) Unaggregated particle bed (b) Aggregated particle bed

Fig. 2. Schematic illustration of the sediment bed formed
by (a) dispersed suspension, and (b) aggregated
suspension(Besra et al., 2005).

B Ao ARESE CST =% 74*](Model 304B,
Triton Electronics Ltd., UK)= Q5% AH| Qg A
gl = Jllo] e Sead Saojez F4E|3)
th(Fig. 3). Atk Zd| o] E(Fig. 49| block holding probes)
= Al e A=A 7L FabEojglon, stk o] E
(Fig. 49] base)olli= o x|} At ZP0|ES Sdse
o 2A @4l o8l F4E S8 el A (Fig
49] sludge reservoir) 4 02 ¥ 18.6 mmo]| $*|3t
A(Fig. 49] 1A 9 1B)o]] £LhE 20| AlZHEIL)
o) Alelt] 2410 ®HE 223 mmo] 913 A(Fig
49] 2)of =t Epoju 7} Wil CST A7t s
(Fig. 49] digital stop clock)ol % 9|2 FEA|HT}
(Sawalha and Scholz, 2007; Tarleton, 2015).

H AFoA] AR FEi 7000 mg/L, AR 5 mL
o], &= °F 20CE A7 FeF et AT
2712 24T, 3 CST 242 ThAl7ko] o]
ol2lef, Ame] B4 ule} Anigo] f Z =
2 o] A}, wrf AT 2HS A7)
ghE Z0lo] WRghe ATHEA0] ARSI

CS.T. (SECONDS) RESET

TYPE 304B CAPILLARY SUCTION
TIMER

Fig. 3. CST apparatus used for this study.

Electronically operated
seconds =
465 digital stop clock
A
| | Probes resting on
._.-—/ filter paper
Start 1A, 1B
2 Stop 2
1A 1B
|~ Sludge

|_— Reference marks on
underside of block

]

/ Sludge reservoir
_.r—-———""f Sludge

- . Block holding probes

Thick filter paper

E]’ l,I ;/ Base

Fig. 4. The concept of CST measurement.

EPS= EA ol whel Eaj=AY SR2o|= A
2 EAsl= sEPSeL A EQ AlEZ o EAst=
bEPSE Ui 4= glow, 7172 tf & ol 2 (P-EPS)

382
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2828

7} ChFR(C-EPS)R o] o] g)ct.

(1) EPS 32

& e A Y sEPS= &5 FEo]7| e =
AdEe, o T W ARSI & dAolA =
045 pm Z=9] GF/C oJIR| 2 o7}3}o] sEPSE =
st

bEPS= & AE T, 48], CER(cation exchange
resin) 52 WHOR FEsh &N wet &4

S} A2 gy e }* IOPOfl #23HE Wo] A
A Q1A &t} (Judd, 2011; Liu and Fang, 2002). ©]o]|
et 2 AeA= ﬁxé l 7Hagt A es AR
Shgich 7k whe ol ARE 4 mL H23ke] 13,500
% #H 7|5t &

b

S A A7) L 80T A 10+
g 2]stgon, o]E 13,500 rpm O & 3057+ YA
e GF/IC o2 2 A bEPSE F

(2) EPS X

2% sEPS®} bEPS= TOC analyzer(TOC-V, SHIMADZU
Co., Japan)E ©o]-g-5}o] 451312, EPS /& F T
Z(P-EPS)-2 Pierce BCA assay kit(Thermo Fisher Scientific

Co., USA)E ©]-&5}3l o, thd-(C-EPS)= H =34t
ol o8] ZAsAL B AFoME sagow

T o —

I b SAA WA sHA| stof EPS7E Tl g 7}
= elo] Hrk wlebA glucoseo] Aol 2 vzt
=7} =0} 10~180 mg-glucose/L2] A% Alzof A3t
3t SNtH(Nelson, 1944)0) whe} glucoseS A=t =4
e 9 o wEollA Alsks WEe ARERTh

glucoseS AR5 =1), glucose= THHT o2 thulz]

2.3.3 Fouling & X|HEQ} CSTRO| AMnHEA

Fouling & Z| 3¢l EPS, TMP, flux ¥ o] 7}#|3}a}
CST9Fe] TAIA A< gofstr] Qs AdoisS
BT ZF o] Zh= CSTeMe] A EE e
7] 93k HH © 2 Pearson, Spearman, Kendall®] A}t
A4t dxH o8 ol s =], & A oA=&
&9 A7 1t AFHAE Uet=dl A gsiohar &
Tl Pearson A 5=5 AHE-5FRATE Pearson A4

< o9 (Eq. Dol we AAtstAaL, =E&d rgkel #

o2 A W] o) BAA A4S AN

(Eq. 2)0llA Alrke t g2 A+ 029l T 225
2 e Ao AdHA Qlom, T B3 Fig 52 2o
= 7l F, 5 Q] FAoIt T 222 5 t9
Ao gh(Fig. 59 X)Ho} 2 2] A9 gho] p value
oth. P valueZ} o2& a(0.05) WY w(95% 41
T sAALE fort Aor HEsk3AH

Zl(ﬂc — )y, —y)

r = =

(n—1)s,s, n _ _
n—1)s, \/,E (@, —2)*(y,—y)?

> (Eq. 2)

Observed data

Fig. 5. Significance validation and P value.

2.3.4 7|} M

=
o
AA3 (AutoAnalyzer 3, SEAL Analytlcal Germany)% o]
L3l AA3= B4 s AlR9] &3 & ot

o HEE Uehit BRweAY delw 249,
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| MBROJIA fouling B7RRIEEM CSTO| &8 7hsd0| et &

3. 2 1t

3.1 EPS 2MEY H CSTOj| D|xl= 3

Fouling 8 7}X| £ &2 4] CSTC] &8 715418 H7}s}
7] $)8l WA CST9} EPSO] AHeAE mhelatirt.

MBRoJ| 4 F/MH| 0.2 kg-BOD/kg-MLSS/d= B
A R Az o=, ofuff o] sEPSL} bEPSQ| AY/d
g H3ke} EPS ®3}7} CSTof| ml2|= g3F& B7het
G} ATl ThE TMP, flux 310} SEPS 552 Fig, 63}
Fig. 7] vetyict.

AR717E B2k ulg o] JAslel Bag 7| Hel
AFRRA FYHe whet 71 8L 2u]sta Az
FA8= oA FARE 2 A sEPS7L WY 3FOI(Ni et
al., 2010) 1322}o] SEPS %7} oF 40 mg/L71A] Z7}3}
At sEPS:= H| A QA=A 77} Zrol L4 =7]of utke]
B3 o] FAE o] o] WA fusts P

[
o

60

30 A 50
—_ 40 ‘Sﬁ
© £
T 20 4 -
= 30 2
s S
"0 0 @

10
0 0
o} 5 10 15 20 25 30 35
Time (day)
Fig. 6. TMP and sEPS variations at F/M ratio 0.2 kg-BOD/
kg-MLSS/d.

20
T 15 A
=
=
>
5
w 10 4

5 T T T T T T 1
] 5 10 15 20 25 30 35
Time (day)

Fig. 7. Flux variations at F/M ratio 0.2 kg-BOD/kg-MLSS/d.

fouling& WHA|LIT}. o] Fig. 604 sEPS7 2]
F7kshe A TMPZE 453t 28 B 2kl

¥ 4 ek

MBRE H§% ShlSHelAES YRl Hew
A4S Aestel g Qor], B ATelHE 3
2% WAIO) MBR system® 37| 915 FE=
£ Abgstsi ey foulingo] Aol w2 T
T™MP 3712 fluch Z4shgon, o 15a%e 4%

X
W
52
(s
=
aQ

=

9] 50%2] 10 LHM 302 &
FA2A7E ol &5t FESHT fY

SHes 51517] ol flux Haes & QlEsks F4d
Has oulgict wheba oF 15YAHEE] F/MH]
0.1 kg-BOD/kg-MLSS/do|, A3 Z7]o] H|3|
o] HE3 FeE2 A=t 7|Ho] BE%h
| 5li= sEPSE 7| & =A &8 = 7] wizol
(Tian et al., 2011) 74 13¥x} o]% sEPS %7} 7
Tag Ao AR &4& A &5of whet |
Lol FA = o], 13YA} o] %o = sEPS F&=7}
Soll = TMPS} flux7} 3] 55 A] ¢h= A o=

N do rlr ot o
N o
TR

[
2

7

>

N

o o

¥

AF7)7F E<t M bEPSO] 5 W CSTe] W3}
= o, EPSe} CSTE| AUaAE 1t
o}5}7] $)3) Fig. 69] sEPSS} Fig. 89] bEPS®] ZaFS
CSTS| A% vlastint

Fig. 804 A&7]7F 5<t e gots &3] 713
= o] AX 97|18 bEPS FEHE 3 Ao
2 2Z%|u], bEPSE oF 300 mg/L o]Ao & Z7}al

80 mg/L= sEPSo] H|3) &

EPSQ} CSTQ| AWHAES wotslr] s sEPS,

Mo H
py
ot
N
N
sy
oy
B
E=)
r R
o
o
o,
o
K
o
wsl
=g
wn
*
o
w2
H
(s

L e dEA Yot B o)A sEPS Hr}
bEPS7} CST®} 30| frAshrtal #takgict. bEPS
= MBROJ|A] cake layer @A<] 7]¢f3to] foulingS
Wb EA® delA Ql7] wiEel fouling 4] 7
oA Fag Azl ThkE|w, Fig 894 bEPS2}
CSTe| 7#gFo] fAtettts 212 fouling B7HA| 2 A
CSTe| &§ 7HsA4S Hojzch
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100

CST -@-DbEPS I

r 360

F 320

F 280

bEPS Conc. (mg/L)

F 240

200

o 5 10 15

20 25 30 35

Time (day)
Fig. 8. CST and bEPS variations at F/M ratio 0.2 kg-BOD/kg-MLSS/d.

3.2 MEEMS S5t CSTe| 8 7I1sH HWIt

Fouling H7}X| 24 CSTS] &8 7I5AS H7t
7] 9J3ll CSTL} EPSQ] AUHA S whofslglon, 7]
o] B7kaB 3} CST] GAMS Belakgich. 3104 A
& 7] 752k EPS2} CSTS] 3= 53] bEPSQ} CSTE]
Aol oAbkt HAASHEO, EPSS] HR(EPS,
bEPS)¥ul o} 2} EPSE] A (protein, carbohydrate)i:
CST| BAE 4502 BRlsl] o) AuEae 4
Yaksict. EPSS} CSTe] AFphAlsnsl EPSS} ofhAjaat
o] JHHASE v|awskglon, 1 A= Table 29} 2t

EPS®} CSTO| A4+ tiFE 0.6 ojFe= df
AH o CSToh ARVAS 71Tk B7= ok
3] bEPSQ} CSTQ] AAl4= 0.79882 wj$- 743tk
FIA S 77t} o] Fig. 8ol|A] bEPSQ} CSTY] 7
o] AR WobE AT U Asoleh. Ea,
P-sEPSS} CST] AFaHA|4=7} C-sEPSS} CSTO] AbahA|
2= B} =4 Jelbytth Protein A4A] 0 2, MBRO|
A R A S ol S $agol 2o

B
P-sEPS+ C-sEPS E.r} foulingS st Alo2 A A

ol
=

N

o=
fu—

> A

Table 2. Correlation coefficient (r) and P value (p) between
EPS, CST and filtration resistance

EPS vs CST vs Filtration resistance
component r P value T P value
sEPS 0.6512 0.0000 0.6940 0.0000
P-sEPS 0.6179 0.0001 0.6781 0.0001
C-sEPS 0.5803 0.0002 0.6236 0.0000
bEPS 0.7988 0.0000 0.5787 0.0002
P-bEPS 0.6593 0.0000 0.5131 0.0013
C-bEPS -0.6629 0.0000 -0.6956 0.0000

QIt} (Tian et al., 2011). P-sEPS7} fouling 3% 7|54 0]
=2 ¢IXfolm, P-sEPS®} CSTO| AftA|5=7} C-sEPS2}
CSTY| A4 Hrh =th= A2 CST7} fouling S
Brhshe A AR2A B TPeAo] B8-S
wojz},

EPSQ} oA 3ke] AiAl¢= i 06 olde
2, EPSE: ofmlAgal ARUAS AT Bek
t}. sEPS, P-sEPS, C-sEPS, C-bEPS= CST K.t} o1}%]
aFako] AFmA|Z7} 0.04 718 =9k oL}, bEPS, P-bEPS
oF olzpAae] ATHASL CSTERY] ApiA o] ul3)
U olch 591 PSS} ol B
L (057872 bEPSQ} CSTO] AFaHA|2=ol 0.7988 Hr}
0.22 7}=F Forct

2 oI 7Lo] A bEPSE: fouling
3 ke, CSTEF bEPSO| A7) =2
CST9| 2§ 7s4ds Uetle Fa3t dxo|th /\ﬂ
3 #WHO bEPS:= theFe AE7|E o]&sto] i
bridgingS FAJst7] wf&ol v]AE2] floc FAo 7]
ofgtctal B wh 9l om(Liu et al, 2014), n|AYE
floce sEPS 4 ZZo|=A] E-3} As| cake layer
£ A5 IS Sl 22|22 bEPSE= MBROJ A
cake layer®] A2 foulingS FH3l= F92 Qo
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Table 3. Correlation coefficient (r) and P value (p) between
fouling evaluation index vs CST

. L vs CST
Fouling evaluation index
r P value
T™P 0.5414 0.0000
Flux -0.7761 0.0007
Filtration resistance 0.7187 0.0000

7|&9] fouling 74|32} CSTRO| Akt Ay,
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Jo] AFE AU
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o] 9o mAg ¥
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Zloju, E*ﬂﬂrﬁoﬂ
&9 o5 U, o4& o
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FE 0|50 cake layer?] £/ FﬂrEP uto] EbAdE
o] 24 E]=tl, CST= ARY el 1= 9sf o
A 7F # A E o] dEroo] Eutteof whet 1 gho] A%
Fc}. Table 394 flux®} CSTY AAdA7t 713 &
of A¥FoRE FAMIS BF213}o] fouling H7IA &
2A9] &8 7HeAdol dvkal FrhET

oA 2t A gt CSTE| At A 4= 0.71872 713k AP
AE 7Tkl F7EE, o 2432 TMP, Fik=9]
d 9 fluxE o]-8-5}0] foulingS B7}sl= S84 A
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H AFoAE= 7122 fouling H7FR| 7} A 9t
o] wjAo] AR =S UER AR EPSE EH 5}
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7}%*3% B7tskich. MBROJ A 9Fe] Fxkel CST &

d2 AedE7t dEolgts M, 1Y E & cake F
e of| EPE} ol AdEtt= HollAl FAMS 7t
Aw, EARAE 53] CSTL EPS U CST2} fouling

o1 Hoke) GAES HA 02 Lhehy) CSTE] 3
N e
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