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Abstract : Adsorption characteristics of three endocrine disruptors, amitrol, nonylphenol, and bisphenol-A, were evaluated
depending on the type and service duration of activated carbon (AC). Bituminous coal-, wood-, and coconut-based coals were
tested. Bituminous coal-based AC (BCAC) had the greatest sorption capacity for the three chemicals tested, followed by
wood-based AC (WAC) for nonylphenol and coconut palm-based AC (CAC) for bisphenol-A. During the column test, amitrol
removal efficiency increased over time, indicating that hydrophilic endocrine disruptors are biodegraded in the AC column.
Removal efficiencies of hydrophobic compounds such as nonylphenol and bisphenol-A decreased over time since the main
removal mechanism was adsorption. The order of the amitrol removal was: BCAC-5.9 yr , CAC-3.1 yr > BCAC-2.2 yr >
BCAC-virgin > CAC-virgin > WAC-virgin > WAC-3.1 yr. In general, used AC had greater removals than virgin AC. The
order of the bisphenol-A removal was: CAC-virgin > BCAC-2.2 yr > CAC-3.1 yr > WAC-virgin > BCAC-5.9 yr > WAC-3.1
yr. The order of the nonylphenol removal was: BCAC-virgin > WAC-virgin > CAC-3.1 yr ,WAC-3.1yr> BCAC-2.2 yr >
BCAC-5.9 yr > CAC-3.1 yr. Bituminous coal AC performed the best over time. Endocrine disruptors such as these three
compounds appear to be removed effectively by activated carbon through biodegradation and adsorption. Wood and coal
based among the virgin ACs and 3.1 years used wood base among the used ACs appeared the lowest carbon usage rate(CUR)
for nonylphenol removal by prediction model. Virgin and used coconut base ACs except BCAC had the lowest CUR for
removal Bisphenol-A. Biodegradation of nonylphenol and Bisphenol-A did not occurred during the 9,800 bed volume
experiment period. BCAC had the highest biodegradation capacity of 46% for amitrol among virgin ACs and the used coal
based ACs had 33-44% higher biodegradation capacity than virgin's for amitrol so biodegradation is the effective removal
technology for hydrophilic material such as amitrol.
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Table 1. The concentration of EDCs in the water environment
(Korea environment agency report, 2000, 2001, 2002)

Amitrol Nonylphenol Bisphenol-A
'99 2000 2001 '99 2000 2001 '99 2000 2001
Total "
otal water system | ) 3 0.02 03 0.4464 0.1681 0.36 00518 | 00488 | 0.080
(average)
Detection-range 003 0-0.4 0-38 | 0.0399-588 | 0.01- 091 | 0-098 | 0.0056-097 | 0-0411 | 0-1.172
& 14%) | (2% | (G0%) | (100%) (100%) (86%) (100%) | (81%) | (67%)
Mulgum
§ 0 0 0.5 0.1849 0.17 023 0.0111 0.008
(457 38 0

# Unit : ug/L, (%) : Detection frequency = (detection spots/check spots) x 100

Amitrol, nonylphenol, bisphenol-Aoll thall 4283t} YAt
249 FAAAHL AR d45E Pes IyPPa,
TARUEE A& AFAFY BHE 93 A8 w5
gle] LC/MSDE A3ttt

2. Nz W Uy

21 A8 M=

g4 989 & EFE 93 Coaltge] g4¢L
F400(calgon; BCAC), o}AA] 98¢ EATHCO,; CAC)
KS 155 #A4¢E, Wood 989 A& PICAAF
(WAC)S] 8A4ES Al8sidled, ol g4ve Agn
AHgge s TR F THAZE R8I Table 20] 1

FE RAEA FAEAESY pHY EFole 54
F99e A3t FLEHAEH pilot-plantdYPlM &
A FHRFE M3 pH6~89) TG =4
F 105°CollX Azt d¥sATt =3 g vEd

Table 2. The physical characteristics of GACs

A3} AFEAT BEHQ §4xjo)d BE FHARHL o
satr] A8 AHREE 23, 2o g4 FuI A
TE&3& £33l Table 29 E3gh

A4l Nonylphenol, Bisphenol-A, Amitrol 3%&9] &
4 2 FU ALEFE Table 30 EAIEYTk 1 EFEFL
Dr.Ehrenstorfer GmbHA|E-& AM8-39ed Zdzte] B4
HEF89Y XA+ Nonylphenol®] 79 ¥ Eo| XX\,
Bisphenol-A8] 739 4% o} 77} vghg AFE AME3}
o HAF 2ol 343 z+2zF 10000ppm, 5000ppmE- TH
E0] AH83tE 2™ Amitrol®] ¢ F8A0l8 U2 X&
Feofl =o 5000ppmoZ ZA|5 Yt Batcho}l A&HE}AY
AlE o] EF89E Table 40 EA]¥ DOC 0.6~0.8 ppmA
29 Aasd wWid A, zAF A¥e] AMgsidch
Nonylphenol-& HF £3] Hej2 A =50]r+= ethylene
oxide molecules®} hydrocarbon chains?} ZA%E ZFA=
EAEA Heul, € 4¥ANAE Nonylphenols ol gH-goll
Hoqx B &A1 F 484 IR =3 poly-

Species coal coconut i wood
- Case BCAC BCAC-22yr | BCAC-5.9yr CAC CAC-3.lyr WAC WAC-3.1yr
BV[v/v] 0 49,000 170,000 0 89,600 0 89,600
OP[Y1] new 2.2 5.9 new 3.1 new 3.1
ifi
Spectllc ared 1050 855 37 1260 524 1610 295
(m’/g)
pore volumn 0.639 0.495 0.349 0.527 0328 112 0.191
(cc/g)
¥ BV : Bed Volume, OP : Operating periods
Table 3. Properties of Endocrine disruptors (Amitrol, Nonylphenol, Bisphenol-A)
Amitrol Nonylphenol Bisphenol-A
CAS NO. 61-82-5 25154-52-3 80-05-7
Formula CoHuN, CisHasO CisHi602
Mol Weight 84.1 220 2283
n\ I(:CJ:\/\/\/\ *
Structure M 4
NH, ortho-form = \DN
Log P -0.86 5.76 332
(octanol/water)
Consumption,
. ,589. ,082.90
ton/year, 1998 1.3 11,589.95 84
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Table 4. Characteristics of raw water

Parameters oH Turbidity Alkalinity DOC UV 254
(NTD) (mg/L) (mg/L) (cm-1)
Measurement 70~72 0.04~0.08 31~47 0.6~0.8 0.06 ~0.09
Table 5. Analysis conditions of LC/MSD
Amitrol Nonylphenol Bisphenol-A
mode API, positive APCI, negative APCI, negative
frg.V 80 150 150
mobile phase ACN : 5mM TDFHA ACN : 50mM CH;COONH, ACN : 50mM CH;COONH;
=25:75 =45 : 55 =45 :55
flow(mL/min) 0.3 04 04
extract ion 85(M+1) 219(M-1) 227(M-1)

% M : molecular weight

ethoxylated nonylphenolsq(NPnEO)?! ethylene oxide $¢] A%
& AZ LA oligomers) V)& HA B R AlRED-

22 AE gy

22.1. Pilot-plantgiss &2 A

A&EFFAFEL 7] FAHT2RED AN F
FETE o] &3l £F 14 mi/minC. & HFag o]43d}
o gEeadA FA 20mme) 774e] FHolad #Aw
F3AXE 2 mmin¥g 7% BoEEE 2P U
FAEL 30cc EF3l EBCT7} 15minv} HEE 243}
Ao, Y FFx AL AR Iqth, g4v
o IAF Frie 2-3¥9] A I JAH PHe
g4 7Y AEZ 1.0mm tubeE FAY IR FY
& F 50%AE Ao BAHA gAFE FIEA 9
ARE YT NEEE 9T 2 YABAEE Ao
DOC 0.6~0.8 mg/L, E% 0.04~0.08 NTU ¥x¢] Xg$
o 8732 BFEEASL FUNY 271EE7 200~500
pg/LE spikingdt A& AHEHT) o] Zo] Rf{Eo] glu
DOC7} & NFE AT olfZ2e 2A4Y, A5,
BAzA 58 23 35Ty A4 SRR Fd
A slazl e, $FTEE Fre A AEHe
5 BT IFESEE 8 breakthrough experiment2]
XE Zoln AAY glo] 2% AFE A&FA BY
g Je AR ZR

2.22. Analysis by LC/MSD

Agilent LC/MSD systemo] X302 AMG-HAL £ 4
FelMe AAE FE5H%00] 10049 NEE F9U, &4
&9th. LOMSD B4 24L& Table 59} 2t}

Amitrol, nonylphenol, bisphenol-AE A1:31A A9 A
g ¥4o] JISES 37| Adtd ¥Ae wF8U°] FIA
(Flow Injection Analysis)methodZ EAM3ld 2z BAE
Extract ion9] chromatogramg T8l calibrationd}$qc}. &3
Age] A8 DOC7E 0.6~0.8 ppm FEQ) AgFd 3
ZA52g RFEELAE DAMEE FUrE] FFAL, Keiji
T (2003)8] AFNA A FHTN 22 WYPE A A
% calibrationdle] 1 ¥]E T3 HLA|H AlE matrix7}
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Fig. 1. Adsorption of Amitrol by GACs.
# GACs : Granular Activated Carbons, C/Cy : Residual
conc./Initial conc.
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Fig. 2. Adsorption of Nonylphenol by GACs.
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Fig. 3. Adsorption of Bisphenol-A by GACs.
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Z}z}e] endocrine disruptorsol] thik GACs®] 83 (capa-
city)& H7}sl7] 98ked Snoeyink (1990)2] Aol &g
carbon usage rate(CUR)$} bed life(Y)ol &3 4] (1), Q)F
AHE-SH4 T

( Co— CYF
( q e) 0
C. : equilibrium concentration(mg/L)

CUR(g/ day) = 6]

C, : influent concentration(mg/L.)

C, : desired effluent concentration(mg/L)

F : volumetric flowrate of contaminated liquid
treated(L/day)

(qe)o : amount adsorbed per unit mass of carbon

at Co, (g, = k-CY™

k, 1/n : Frendlich constants
_ (goo _ (V) peac
Y(day)—(V) 0O GAC ( C,— CI)F = CUR 2)

V : volume of adsorber (L)

si=tEatd e x] M20A HM3S, 2004

0 cac : apparent density (g/L)
Y : bed life (yr)

A (e C=C,Z2 7M1 u TaAs, 4 (1) d&
Yo e] meluelE AHgstd 4 3)7 Zo] WY
F Ao
CUR(g/ day) = __Poac F 3)

BVbrealdhmugh
BVbreakthrough : bed volumes to breakthrough [-]
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Table 6. The adsorption capacity data of Nonylphenol & Bisphenol-A in continuous column adsorption test

BCAC BCAC CAC WAC
BCAC -2.2yr -5.9yr CAC -3.1yr WAC -3.1yr
Max xﬁsg‘;rp“’" 701759 | 168746 | 141318 | 305785 | 90196 535187 | 163600
BVireaktirongh 44141 13590 10484 21141 8412 36024 15658
Nonylphenol bed life(Y),day 460 148 109 220 88 375 163
first detecting,day 29 10 10 11 2 25 0
k[(mg/g)(L/mg)""} 97 22 16 49 15 127 69
1/n 0.7348 0.659 0.6154 0.7866 0.8614 0.7134 1.674
Max x‘z‘:‘“’g"“’“ - 55136 51000 85686 51233 46625 32369
BVirealchrough - 12025 11196 19597 11205 9964 7678
Bisphenol-A bed life(Y),day - 125 117 204 117 104 80
first detecting,day - 6 11 4 7 6 4
k[(mg/g)(L/mg)""] - 12 8 28 12 18 11
1/n - 0.6228 0.4695 0.7833 0.5783 0.5934 0.585
Table 7. The data of CUR of Nonylphenol & Bisphenol-A on 7 GACs in final points
influent BCAC BCAC CAC WAC
conc.(ug/L) BCAC -2.2yr -5.9yr CAC -3.1yr WAC -3.1yr
Nonylphenol 500 0.026 0.085 0.121 0.049 0.123 0.018 0.046
Bisphenol-A 200 - 0.101 0.113 0.053 0.093 0.066 0.094

# CUR (g/day), EBCT 15min,

Volumetric flowrate of contaminated liquid treated F(L/day) : 2.88 L/day

a2 Az F2AYE st EARG Amirols] B35
WAC-3.1yrg AR NS AALe] BE VBE
S7RIL o] AEHHA AA Wl Dojun AeE
& £ ANtk EF £ BCAC-5.9yr, CAC-3.1yro] f-A}
A 714 E%n 2 T BCAC-22yr, o3 Algke] 3}g)
E BCAC-virgin> CAC-virgin> WAC-virgin®t},

Nonylphenol?] 79 HuFAEE BCAC Ago] 701759
28 71 A3 MYYIZIE BV 41412 744 Ak o
2ol WAC Aegoz HuFAek 535187, BV 360248 &=
HAZ £& &S B olEy FFFHE Fsiw
BCAC-virgin> WAC-virgin> CAC-virgin, WAC-3.1yr>
BCAC-2.2yr> BCAC-59yr> CAC-3.lyr &0 Fagef
ZpolE 7HA YA EF ABHEFTIA 27| FEAH
o] 713 WA WAC-3.1yre] A% e FAEHFARNNE

& AREES T8I %10l WACY & ¥ EAw
Al e vF FHEAS] JFo] Nonylphenolo] |
Ao olz¢ Ao weHch

Bisphenol-A2] F2ate=A= CAC-virgin > BCAC-2.2yr
> CAC-3.1yr > WAC-virgin > BCAC-5.9yr > WAC-3.1yr
2 yehgth £33 WAC-virging] A$ Ao B3
I CAC3.1yr®oh w2 F35¢ 7H4 $3se 44E 7t
Z Nonylphenol#}:= @] Bisphenol-A¢} F3F ol ZeA
EAere] WARY2 macro porert IthA] Aol H 4=
AT Atsdch FE GAF 33 U JoME E
@A A 026gmlz T E FAY FAS e Ax

7} ZASHEH WAC-virging] 39 2 FH8FL Fo|v)
flsiMe EBCTY) oL FAYLEE meisted dAFojor &
Aoz Byt BCAC-virging 7S 371383 Agx7}
ol d@ZAFolA mAA H AT BCAC-2.2yr8] A2
%3 B® CAC-virgine} 24 o] $& &39S 712 A
22 Bodn.

33. 2lAtgHMElo| Biodegradable fraction

Spetitel 5(1989), Sontheimer %(1987)d] 23] GACS
EZo o3 AAde] WES}H RIS FHslo AT
AAZ AFHoE ENIr)e oHY 4 e HEHS
< 13 HAo AAHEYE AZ30) A8 =UF A
o2 43 T 2L AuIA s AgI e E
=&} SRS AMEE bed volumes] Froln] F
HFHFC/Coe AHEES oujdich. APx7d, S
F FHe™e g 1ot gty C/CE st gom o)A
< HIERER S Vel i a3 A9 BN AFH
FHL 0 =3t o] AHA ALEE bed volumes]
7 g AALEL (avo)2 AT 3 7HAGoly
BES &L 1~@atc)o]li WS b AFFS: Z718E

€ ZAAse HHAA oIt

C.
Co

=a(l— e ™+ 4)
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Fig. 5. Amitrol' breakthrough curves (CAC, CAC-3.1yr).
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Table 8. Removal of Amitrol by adsorption and biological activity

BCAC BCAC BCAC CAC CAC WAC WAC
-virgin -2.2yr -5.9yr -virgin -3.1yr -virgin -3.1yr
Not removed 66 32 18 74 34 82 174
(%) (33) (16) ® 37 amn @1 (87
Total removed 134 168 182 126 166 118 26
(%) 67) (34 on (63) (83) (39 (13)
Removed biologically 94 162 180 124 158 118 0
(% “n @n (90) (62) (79 (59
Removed by adsorption 40 6 2 2 8 0 26
(% 209 €] () ) 4 (13
% Inflow Conc. 200 ug/L, Experiment period : BV 9800
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Fig. 4. Amitrol' breakthrough curves (BCAC, BCAC-2.2yr, BCAC-5.9yr).
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