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Estimation of Estrogenic Activity by E-screen Assay and Stepwise Analysis of
Endocrine Disruptors in Pilot Sewage Treatment Plant

Ji Ho Lee - Jong Yol Park - Jin Sung Ra - Cuong N. Duong - Byoung Cheun Leet - Sang Don Kim

Gwangju Institute of Science and Technology, Department of Environmental Science and Engineering

ABSTRACT : Endocrine disruptors were measured with GC/MS in effluents discharged from sewage treatment processes in pilot scale for
the purpose of water reuse. From that analysis, we compared the removal rate of them by treatment processes. Nonylphenol was mainly de-
tected in effluents and high concentration from 0.36 to 0.94 pg/L. 17B-estradiol(E2) and 17a-ethynylestradiol(EE2) were detected as below
the limit of detection in effluent. Endocrine disruptors were removed effectively in the range from 50 to 100% by treatment process. EC50
value(9.0x107° M) of 17p-estradiol(E2) by dose response curve of E-screen assay has higher than that of bisphenol AQ.736x10° M) and
p—octylphenol(9.760><10’6 M). These results showed that alkylphenols have lower relative estrogen potency than other estrogens such as 17B-
estradiol(E2). Calculated estrogenic activity(ng-EEQ/L) was 2 times higher than measured total estrogenic activity which estimated by E-
screen assay. Moreover estrogenic activity of effluent by treatment process showed very low as below 1 ng-EEQ/L.

Key Words : Endocrine Disruptors, Pilot Sewage Ttreatment Plant, E-screen Assay, Estrogenic Activity

R E Aolg ERo= HAF pilot scaled] ¢ A BAANA WjEHE RS 5 URA FHELE GOMSE ML,
g TFEE AALL vinstdrr 2 A48 F38 BF594 nonylphenole] 52 AEH L, Het 036~094 pglo2 ¥4 3
EH9 o, F29) EE2E A gold Ag olslg A2FYTh EuAd B2 e A8 FFER 50~100%8] AALE RAFA
E-screen assayo] <3 <o) okule T HelA) E29] BC503H-E 9.0x10° ME bisphenol A8} p-octylphenol?] EC50%k2] 2.736x10° M,
9.760x10° Mol H)3] =9 Sttt ol AARHEF/F E2o] BF FAQ NAEZA FHEI} g B2L HAFYY &3 &
ZE 529 o] EF9 AAQ diERZA F4XA ZAGY AND dAERA A E(ng-EEQL)E E-screen assayol] &3] A&
% ANAEZA FAS(ngEEQL)Y ¥s) B# 299 ¥ FHEE B Fh 7 A THAE GRS d2EZA Bdx:s
ng-EEQ/L ©]8}9) ¢ 42 458 HAgFU.

FHIO| - WEA FAER, st5 A, E-screen Assay, NAERA AL

1. M2 220 52 J15e BYsd WAL 14 B 3
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3 - 12 AR HEEs YEuE ZQEe =93 FAC EAste RS HEHA FAEL 4L 24
WA R FNELE A ke BE gy TUS PR Ad ARG Puusss rRmd w90
S0l 8 T 27 0159 vielogenin(VIG) 7o) B 4 AHE A% BsH ool ekt 4EHIE P
4 715 o3, el ANHR AR F B oy gy O CNAESAN FEES W) A damel Al
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== IKe) i = -
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E2, EE2% nonylphenol, 4-octylphenol, bisphenol Adl H]&j
$g FEE ZEHAT, JU3 AAEZA SHYEE 8%
ol BA Ushl= Aoz nus: Yok wetd, & - 9
g AYZA El, E2, EE2 59 &84 Zo&d £2
o] AAN g #Aol FrFEIL Qleh 53, EHEHAH,
Membrane Bioreactor(MBR), filtration &7 (Ultrafiltration;
UF, Nanofiltration; NF)IlA W& =& FF5olA4 83 s=2
2 239 AAY AF3" AA 3 ZFPo) dg g2 @
T7h 29 Fol Aou? A FFE YRuA FREde
AAgN A 22AHR datae FET 2Fojth wiEA, B
A7AME FY8HE, MBR, MBR-NF, MBR-RO9| Az+&
AH3t A8 F El, E2, EE2, nonylphenol, p-octylphenol,
bisphenol A, genistein® GC/MSE AEFE L ZRAlsto 7+
AP TAEE AALS vwsdch £33, 358 BHE §
3 AEE WEHA ZAER £ F=9 E29 U rela-
tive potencydl] ZA3dt Atd 2EZA & =9 MCF-7
BUS cell2 ©]8% E-screen assayol] ¢ls] 43 & JAE
27 4=E Y - gUiste £ A 9 UE2HA Zl
&S d&stes o F&S A= E833A St

2. M= 3 MUY

ook

21. e 2HEE

WEHA ZAEZ LS AA FACMA IWs BEdx A
o, 39E AAE g8 AHEHE €23 EF< nonylphe-
nol(97%), p-octylphenol(99%), bisphenol A(99'%)s} =& o
2EZ2A SHEE el 17p-estradiol(E2; 98%), estrone
(E1; 99%), 17a-ethynylestradiol(EE2; 98%), 13 A1 &4
OrEZACR F LElA genistein(98%) = F TEOE
Sigma-aldrich(St. Loise, Mo, USA)olA 4513t A8 3
A AN florisil(Supelco, Bellefonte, PA, USA)Z} NaySO,
(Sigma-aldrich; St. Loise, Mo, USA; > 99.0%)& 1:29] H]
2 AEAAT FEASE HsiA N-Methyl-N-(trimethyl-
silyDtrifluoroacetamide(MSTFA; Sigma-aldrich, USA;>99.0
%), WE-F2EF =ML bisphenol A-dig(Isotec, > 98%), 9
FREEEZ 2 pyrene-djo(Isotec, >98%)& ARs4QTH B
AN WAF cABAe) B - %A B4 s
Q Fzoh BAY, SAE, SHL/E BHAFLog Koy 4

Table 1. Characteristics of target compounds

&= 4(pKa) Table 1] Jehi ot

E-screen assay2 AFE-E= MCF-7 BUS cell2 ®]= Tufts
3] A. Sotool Al Bgotx A& FPEF T Phenol
red7} = 10% charcoal-dextran©. 2 X2 Fetal Bovine
Serum(FBS)E A 715 Dulbecco's Modified Eagle Medium
(DMEM) H]=], 10% trichloroacetic acid(TCA; Merck, USA),
0.4% sulforhodamine B(SRB; Sigma, USA), EH412 GIBCO-
BRL life technologies (Basel, Switzerland)olAl ~1&te] A}
&atd

22. AME MF U HAe|

£415:¢ MBR, MBR-NF, MBR-ROSIA &5 HHF
= 200593 S¥~119 =<k composite HEo 2 2 LA AF
9 tFig. 1). A58 2759 vgS2 ARt AHE
som AEE AAT F v 4TolA YFRA AL,
39 oluld] GC-MS 24& $#stgdrh

AAF AR 1 LE 2447 oo GF/C(0.45pm What-
man, UK)2 %3 ¥, pH 22 2Fsa 97 EEFELQ
pyrene-dipS FYUsl] & AZA 4TAAN ABE W7 K
Pt AAYE 500 mg C'*L ¥ 3= 6 mL sep-pak
cartridge(Waters, Milford, MA, USA)Z A}&8ke] a5z
(Solid Phase Extraction; SPE)°Z F&&9ch A& & A
d) 8 mL/ming §&02 2849 dichloromethane-& Al-&
B b7 E8E &, 9% 7522 3 mL dichloromethane
£ A83la) F o BEsel 2E99th 58 AEE 3
& 7FAE 500 uL7AA =3k column(Na;SOs : florisil :
Na;SOs=1:2:1)& AM&38te] clean up F7& AR F, 15
mL hexane 0.2 F&3to] &3] 71=AIZ] F, acetoneg 100
pL FYSHch WE-EEEZQI bisphenol A-dis¥ LHE
A9 HLPL F/MAA B4 AREE Fo] A
MSTFA #=4 AFe F94st HF 200 pLAA &3t

o GOMSENS +d3t.
Influent NF }-—{samplinj

[samplin% samplin% RO }——-[samplin%

Fig. 1. Sampling from sewage treatment processes in pilot scale.

MBR i

Parameters Nonylphenol p-octylphenol Bisphenol A Estrone 17B-estradiol {1 7a-ethynyl-estradiol]  Genistein
oty oo B & & - {‘}‘“’” b
Chemical structure] HOO/ M_Q—i;mgm Homm /O/\/@ § ﬂ/fv\igf;_ ;:“IB’E/ %
nonylphenol= NP Atert-oxtyiphenot bisphenol A = BPA 1 estrone =E 1 17 B -estradiol = £2 ‘K:'k-mﬂmylcﬂmlml ~BE2 genistein— GEN
Molecul igh
olecular Welght 5302 206.3 228.1 2704 2724 296.4 2702
(g/mol)
Solubility(mg/L) 7 - 120 0.8~12.4 39~133 4.8
Log Kow 5.71 - 3.32 3.43 3.94 4.15 -
110"
pKa 10.25 10.3~10.8 10.5~10.7 10.21
(atm-cum/mole)
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AEEA AMSE Jtaa2ntEagdE Shimadzu GC-17A,
ZAZ&7]= Shimadzu QP-5050 A|g]2E AME35tE Tk Columnd
Restek™, XTI-5 fused silica capillaryS A}&at1, Sulz}
A8 E He(99.9999%) 712, column $-4-2 1.0 mL/min, sam-
pling time 28, A5 FUF 3 L, A8 FUF &% 280C,
mass¢} interface 2E=& 290CE F-#319 splitless mode
2 EA5YtE Column &% T2 3W & 28 =91 100CE
A, 10C/min HER 300C7HA] L2E 277 &
108 5¢ 300C 228 FA5t9 & 3288 29359 2
ABtth AlRE 70 eV o]2gH o, AEAUAE
1.6 kVE 4F3Att 7 2 HEL L column 2% Z2IHY
o] w}E retention timeo. 2 FAEA 31, m/zZES Table
20] Yepfgith AA FA9 2E 5TE 1B ABE
(1 ppb~50 ppb)$}t IEE(50 ppb~1000 ppb)= HIFH &
Z4st] WEEFZERY 98 23 FJFEAL £9
stk 4 2 HdEZ S FF A= nonylphenol 10 ng/L,
E1€ 0.5 ng/L, E2& 0.5 ng/L, EE2= 5 ng/Lo2 Uebgc)
(Table 2).

2.4. E-screen assay

A. Soto ¥E"S 4L} E-screen assayE 54t
MCF-7 BUS cell2 10% Fetal Bovine Serum(FBS; cat No.
26140, GIBCO, USA)¢] #7}¥ Dulbecco's Modified Eagle
Medium(DMEM) #] X(GIBCO, cat No. 11885, USA)E A}
319 5% COt FFHE 37T w7l AXE o)
&3t} Phenol red7} 37152 & DMEM(GIBCO, New-
York, USA)ell 5% charcoal(Sigma, USA)¥} 0.5% dextran
(Sigma, USA)2 2 AH#E T dEdS 10% FBSE Hrlsle
WA &, 2583 AR d9 FE9e 2% F,
045 pm$t 0.2 pm FEo] AFste] AME FHol| -20TelA
BEPTE AdSA S AEE 025% EFHAGIBCO,
NewYork, USA)E o] &3te], BFAHANA A1zl &, 10%
CD-FBS7} 3718 DMEME 24 well plated] Z+ welld 1x
10°719) cello] S|=&8 RF3HTh. B3% 24 well plate:
5% COy wiF7IolA 24A1F B¢ WjF T A ET v
F&E 4 QxE Yk AERF 5, AFgdo| FrtH
DMEM iz 2 a&3std CO, wWig7]olA 64 Bt wldst
Ak AEe 4L SRB assayE o] L5t 7HgBoE =

Table 2. Quantitative analysis of target compounds

B35tk SRB assayi= 7]E9 ®jFAE A AL 10%
trichloroacetic acid(TCA; Merck, cat No. 100807, Germany)
2 Jlalel 4TolA 4083 ¥Nste AXE 1IN 7,
2542 olgald 58 AR Polgle TCA §4g A
Aty AL SAs AxsAth o] well plated] 0.4%
sulforhodamine B(SRB, Sigma, cat No. $1402, USA) ¥4
£AEg HpEkd, 142 B9 AEE FAEIAL, FF9] SRB
gae AAs JAA 1% 24hg ol gslo 53] AHF
Z Heda Azstdrh AzE well plateo] pH 10.52]
10 mM tris buffer(AMRESCO, USA)E 713l SRBE &€&
A7l &, ELISA reader(BIO-TEK INSTRUMENTS INC, USA)
& A&t 560 nmo A FREEE SR

N

2.5. E-screen0i| 2|8t MMl HIt

Z+ A4 A189 E-screen assayol] 93 A& 2E2A
T E FFHoE Fie] Ad 2P FHEE ol F
3t 2 2 4 o2 wWEslo] ng-EEQ(E2 Equivalent
QuantificationyLzt 0.2 e ok

OD,,, —average OD,

test neg

Normalized proliferation=
averageOD, —averageOD,

Negative control(NP)e] B AME FAHHY AX 48
vhe kvt E29] g Adl AEZ4 9 Ay v2ak
23 normalized A E A7 ¥ goR o 2EZA &
HEE JeERiSiTh ol E-screen assayox] e 23
9l Mgl BUSA 4T 2 AS /HESA, & 42
oM E 2 well plate 7+ T+ well plate oA =2 H
stso] BAE 4 Ql7] diel 4P Hes9 9%E F
23ty QEA AAERA FHEE Uellle §F=ER
(0.D.)E normalizationdted FFAH o2 Frl5% )

Zt 2 AERAY FUFEM) HE normalized A E
Z dgzioz 2ERN 458 U ¢-Eg 34
& Sigma plot 8.0 version T2 1AL o}&sle] YERfSITH
(Fig. 2).

2BEAY ECSOtE AR 98 107 M~10° M9
39 s=olA sigmoidal Fejel 7 HAS F-vheIA
IAAE IAt 4 L9EEE g TAY AN
095~0.99¢9 =& AFAEE JeUd. E1F E2& Y=

flio

& o
—_

Parameters Nonylphenol p-octylphenol | Bisphenol A Estrone 17B-estradiol | 17a-ethynyl-estradiol | Genistein
Retention i
clention M1 1 88 ~13.60 13.775 17.858 21750 22,025 23.017 24.183
(min)
Tonjzati |
onization channe 193, 221, 207, 179, 278 357, 372 218, 257, 342 285, 416 196, 232 228, 472
(m/z) 235, 295
Detection Limit 10 0.5 1.0 05 0.5 5.0 1.0
(ng/L)
Quantification limit | 01 0.5 0.1 0.1 1.0 0.5
(ng/L)

iorerE 2 eroix| 287 7, 20061 7Y
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17-beta estradiol
Estrone
17aipha-ethynylestradiol
Genistein

Bisphenol A
4-octyipheno!

Normalized average O.D. by E-screen assay

(X2 N3 N J

*

1(;-13 10“12 10"" 10"'0 0o 100 1{1-’ 1(;*’ 1(;'5 16-4
Concentration (M)
Fig. 2. Dose-response curve by E-screen assay for target com-
pounds.

Yot ax (1 -exp? ™Y, p-octylpehnol, bisphenol A, EE2,
genistein Y=g x (1 -exp?* Y e] A% ANz HE
#2gk Yo, Azt a, 71€7] b, AW co] Agkel 23 H
Y tHTable 3).

F-¥hg FAo A HAHAHE ARSI, 74 LHER
2 & vegaF Al vhgake 53 hege 83 EC50
g A=359 tTable 4).

5—75“_ °ﬂ EZ E4x9 vlasly] Y 58 B4
93 AEERA BHEE ZASIY ng-EEQLO.ZE 1}
E}LH 9}13]- z .9_‘§§7d-4 relative potency$} GC-MSE-A] ]
]'04 Ld=2d Ad2ERA FYEE
ng-EEQ/LO 7§ %‘5} o] & té}o}‘# A& W EEQ#
& &S F J2E iﬂ] FHEE 428 & gat”
Relative potency+= 23 22 A4 _Jaﬂ E29] EC50g+o] A
7 2 HER Y ECSORL2 ol A&sgrt”

L
)
i
e =
r&g
o}r
rulm

_ EC50s
EC50,

EEQ=Y% RPxC.=Y EEQ.

A4E

3. #nt & 1

3.1. E-screen assayOl 28t k-85S M

29 B 10°~10° MY 3¢ 5EE F7H47
W} normalized N ¥ A2 whegos JqJAERA FBHEE
Uehie e FHE AQTHFg. 2. o WS 4 o
FEIEEZ A W TE AFe FIsGen, 4 AFER
39 MBg Fol SPael Baw + FEEAR e
Ach

243 =& X9 Ws] El, E2, EE27} bisphenol A%}
p-octylphenolofl u]&] M2 43 wggto] A Jehte
€ ¢ F UQth FANA WMHE] B2 FEE AEHE
27 vg A9 € $Y S2E EZol JLEZA
Az F 7ldagide ¢ # °i‘3}

F-HkS o] s dojRl o EF 9 EC50%k3 E29)
3t relative potency Table 49} Zt} &-yhg+A 44
o8] dojzl EC50zke o4 22 A¥Rd E29 EC50
kol 2F 0.009 nMZ 71 F2 J2EZA #4=F Ush
At} EE29) ECS0ZEL 0.01 nM2A E29} 73 §A18 3te
BF9a, E19 EC507S 0.082 nME eldt}. Bisphenol
A$} p-octylphenol9] relative potency:= Z+7F 2.736x10° M,
9.760x10° M=ZA E29] u]a] u]$ Fe JAEZA S4E
E BoFQt) EE29Y relative potency”’} 0.89322 713 =
3L, E12 EE20l W3] oF 9v] @2 B4 EE RAFIHY
(Table 4).

'ru$ >1

32 Zt XME|3YYE 2HENS HE BM dn

A FAE GFHFAA FE AEHL peglTElE ¥
A A&3+E= 29 EZ L nonylphenolo] ¥t} Nonylphenol2
FLFNA 211 (041~4.6) pg/L, GFFAN B 036~
0.94 gLz AEHNoH, NYFFEE 4old AAHEMBR;
56%, MBR-NF; 74%, MBR-RO; 83%)& Ro{F-¢lch Bisphenol
A%} genisteine FYFAA 2 HF 90.16 ng/L, 94.98
ngL2 A AZHIAW, GFFAA 3% oldY L
AAEEL HAFUTH Estron & 8]]%dlA <F 20 ng/LE

Table 3. Regression equation and variables of response curve of target compounds

Parameters p-octylphenol' Bisphenol A’ Estrone’ 17[3-estradiol2 17oz-ethynyl-estradiol1 Genistein'
a 0.5140 0.6839 0.9370 0.9250 0.8636 0.8340
b 3.15x106 1.50x106 - 2.00<1010 2.00x1011 2.00x1011 1.67x107
¢ 1.3024 2.1350 3.3480 3.3689 42513 1.8742
Y, - - 0.0356 0.0434 - -
r 0.98 0.98 0.99 0.99 0.95 0.99
*Equation : ' Y=ax (1-exp” ™) *Y=VY,+ax (1 -exp” "
Table 4. Relative potency and EC50 value by dose-response curves of E-screen assay for target compounds
Parameters p-octylphenol Bispheno! A Estrone 17B-estradiol 17a-ethynyl-estradiol Genistein
EC50(uM) 3134 878.5 0.082 8.574x10° 9.597x10° 72.33
Relative potency 2.736x10° 9.760x10°® 0.105 1.000 0.893 1.185x10™*
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HEHUL, MBR H2| 520l 85%, MBR-NFA|2|Se A 88%,
MBR-RO A FollA 92%9] AALS RAFAT & o
ZERA HEE Hol: E29 EE2: {$YUFIA o
92 FER U, A F3E gRFIA 3F A
ol3tZ AEHATY. FAZFez AZFHE 2FGEA9 A
A&S EFEY, MBR iméﬂ} MBR-NF, MBR-RO #¢]
T HO O U2 AALE BAFUL, 9 ¥ 558 42H
Atk MBR A $=ofA19) X'l]ﬂ 2 nonylphenol¥} p-octylphenol
2 9F 50~55%, bisphenol A: 93%, estrone= 85%, genistein
2 99% o]}, E2, EE2& 100% ©]5}9] AAES HaFgoh
MBR¥} %" NF AgF49 FFH5IAE nonylphenol
3} p-octylphenol©] 74 ~85%, bisphenol A7} 97%, estrone-&
88%% UENIl, MBR# Z2EE RO X F3Y FHF
A1+ nonylphenol®} p-octylphenolo] 83 ~90%, bisphenol A7}
98%, estrone> 92%9°]al, E2, EE2, gesnistein® MBR-NF,
MBR-RO Aeg|sor] AEEHA Fof 4A3] AAD Aoz
At ETHTable 5). @< AYPoR A2d wEsolA EL,
E2, EE2, alkylphenols®} A|A&2 742t 60~75%, 85% o4
65~85%2.2 JEPFEY Muricl A et ale] ATFAT ] o3}
W MBR 332 BE &9 @0 347 39 A
PHoE HEH AT vs) WEHA FHERLL &
RHo2 AAE + Jom 53, §%FH(UF, MF, NF)9]

27 g4 WEvA ZgAEL = B 701

W BEHoz o 29 B %e UehiAL,
98 Aole AT A5 AT ALY FNA BH
H o] gk totest, p=0.72). E-screen assay= | AE
2 EL g AE QAE APoBE X8 FAAH ¥
BA FHGA dERA F&A%Y ZEg Walshe
2R A Az ol 9A FHol AT vEE Haw
7} & 7Fsgol AT'” MVIN AZE AMgstd 4% o
2EZA 4% AL AXERZA 84 =(ng-EEQ/L)Y
HudToxe fAAY B 92 &g UHdis 3o
z RaEa gt AN d2EZA 849 =(ngEEQL)7}
E-screen assayol] 2Ja] A3&3 2EZA 84 E(ng-EEQ/L)
o ulg] 1~48) =4 Uit 22 Alg U] 373 S=285
A B2 9 J2EZA F8&A antagonistic FFE F
g 4§ e 99 BZo] &A% 7@k Humic acidh
L4 87 E(dissolved organic matter) 2 &84 Fo)ER
7 complexationg FAste] &E]A] ZojEd ZEdo] o
EZZ sg&A% Adste Ag St ol& QlF] J2E
2A GHEE F2ANGT RuHz g

29 AEFe PR 4% NEE 3, vag ¥
7]

AR

NE,

oi m{n

EEE ASHAT F ALERZA 249 Ho 5%

=
o
=S Bo F93, El, E2, B2 AF &4 olst =

2 FF072 AEFH YA, E-screen assayol] &3 of 2ER
AE A 100%747] &S AA L] HaEgch? A BARE =7 e} & JrE2A SH5Y = 7]
aQew ZAMHJT 44 HEFE EFSHE AlRE £
3.3. E-screen assay0ll 2|8t |AEZH &M= H|I 2% A8 Jd2EZA B4R 1% o538 JERIQIL, E2
E-screen assayol] 2J3] A&3) o|2E=27 FHR g 9 EE2E X¥3etes AEe & FF A8Y Jd2EZA 24
34d &Y 29EZ29 55 9 relative potencys] ZA E Z AqFES AASAT ol Al W WEEA ZAE
st ALE d2EZHW FHEE ngEEQLE FFstd A Edo| J2ERA FE&AAY AFS s EL
A3 vlwsd] Both Fig. 28} Zo] AAE qAEZA A antagonistic & Fets Edol EX5l & =5 A B
Ex E-screen assayo] 98] 223 AEZA FAL 9] JAERA BHEE ZAA7E Aoz rusa 9o’
Table S. Detection level of target compounds by sewage treatment process
(Unit : ng/L)
Samples Nonylphenol(pg/L) p-octylphenol  Bisphenol A Estrone 17B-estradiol 17w -ethynyl-estradiol ~ Genistein
Avg. 2.11 0.98 90.16 20.13 042 429 94,98
Influent +
(1=9) Min. 0.41 ND 23.96 2.05 ND ND ND
Max. 4.60 2.30 159.52 55.57 3.82 38.60 693.25
Avg. 0.94 0.47 6.06 3.01 ND ND 0.91
MBR Min. 022 ND 251 ND - - ND
effluent
(n=9) Max. 1.68 1.23 10.12 27.12 - - 8.23
removal rate 55% 52% 93% 85% <100% <100% 99%
Avg. 0.54 0.15 2.69 2.38 ND ND ND
NF Min. ND ND ND ND - . -
effluent
(n=9) Max. 1.00 0.54 9.01 21.38 -
removal rate 74% 85% 97% 88% <100% <100% <100%
Avg. 0.36 0.10 1.88 1.58 ND ND ND
RO Min. ND ND ND ND - - -
effluent
(0=9) Max. 0.84 0.59 7.27 14.23 - - -
removal rate 83% 90% 98% 92% <100% <100% <100%
iprataaotex] 28 7%, 2006E 74
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Fig. 3. Comparison between calculated and measured EEQ
by treatment processes.

MBR-NF¢ MBR-RO #5:9] E-screen assayo] <J& A
35 J2ERA 4EE 47 0.1, 0.2 ng-EEQLZ vj$
g2 AAERA HEE RAFYUKFig. 3). @TEH=
AESHE AYPEE AA NFe} RO 33004 A2 a w5
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