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Removal of endocrine disrupting chemicals from aqueous solution
by adsorption using modified ceramicites
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Abstract Modified ceramicites were prepared by hexadecyl trimethyl ammonium bromide ( CTMAB) . Ex-—
periments were carried out to evaluate the adsorption equilibrium and kinetics of endocrine disrupt chemicals
( EDCs) ( metoprolol sulfamethoxazole carbamazepine clofibric acid 17 a-ethynylestradiol) onto original and
modified ceramicites. Results showed that the CTMAB treatment changed the pore structure and surface function—
al groups of ceramicites: the ratio of pores that can effectively remove EDCs was strengthened so as to the polar—
ity of filter surface. Under room temperature with both the initial concentration of EDCs and concentration of ab—
sorbents at 1 mg/L  the time of reaching adsorption equilibrium of EDCs onto original and modified ceramicites
was about 5 minutes. The competitive adsorption of 5 EDCs on original and modified ceramicites was also investi—
gated concluded that SMZ and MTP were more competitive than CA. On modified ceramicites the adsorption of
EDCs was significantly improved. The adsorption process is mainly caused by both physical surface adsorption
and partition. The study was conducted to provide theoretical basis of treatment of trace contaminants onto modi—
fied ceramicites and to guarantee the drinking water treatment reaching the standard.
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EDCs mol) pKa
EDCs o 5 EDCs 1
o 2.
11 12
A A 15 (EDCs)
" EDCs Table 1 Five endocrine disrupting chemicals( EDCs)
° EDCs
N I,Co CH
o MTP V\O\Oxgoqgké& 5
07 ~NH
. CTMAB( @ 1
) SMZ /©/ N
H,N
N N o
1447 CA /©’ O?%LOH
14 16 107 . 8 19 &
° e OEECH
5 ( MTP. 170 EE2 a
SMZ. CBZ. CA. 00 H
17a- EE2) o
- ( SPE-HPLC) 2 EDCs
° CTMAB Table 2  Physical and chemical properties of
endocrine disrupting chemicals
) EDGS rma)  (wixi0®) () PR K
. MTP 267.36 204. 59 648.7 9.49 2.08
CBZ 236.3 274.24 411 13.94 2.45
1 SMZ 253.3 210.32 166 ~169 5.81 0.89
CA 214.7 184. 05 120 ~123 3.18 2.57
1.1 EE2 296.4 291.72 457.2 10.33 3.9
1.1.1 D ChemAxon (http: //www. chemicalize. org) .
( MTP) . 1.1.2
(SMZ) . (CA) . (ZHWY=22102C
17— ( EE2) Dr. Ehren— ) ( CTISRT
storfer ; ( CBZ) Sigma— ) (1260
Alrich o Infinity )
; ( Visiprep 24™ DL Supelco )
; ( CT- ( ASAP 2020M ) o
MAB) () . 1.2
K 2020.8 ~1.2 mm 10 ¢g/L CTMAB
mL ( Oasis HLB) o 100 mL 6 h

5 (214 ~296 g/ 100°C
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o Langmuir
1.3 EDCs Langmuir
100 mL. 250 mL q.=0Q.K.c./(1 +K,c.) (4)
1000 wg/L MTP.SMZ.CBZ.CA.EE2 1Q., K Langmuir
100 mg CTMAB- 0
180 r/min 25C 2
0.45 um Linear (q. =K.
o EDCs +b)
2022 ( pseudo-
second-order equation)
2% .
1 o Q,* K *C
) . 2 =R ()
5 -Kla.-q) (1) g. =K, * Cl +K, + C, (6)
(1) : 'K, K n  Freundli-
b :Kl . L (2) ch o
. q, 29, 9o 2
L q.~q, t
(pg/mg) K, (mg/ 2.1
(pg * min)) o 3.
t/q, ~t 3 N
1.4 EDCs ( IUPAC)
150 mL 250 mL CTMAB (2 ~50 nm)
EDCs o CTMAB
(20.50.100.200 500 wg/L) MTP. SMZ. CBZ.
CA.EE2  EDCs o 75 mg CT- N,
MAB- o
180 r/min. 25°C ( C,sH4y;( CH;) ;NBr)
24 h( 3
) o 24 h 0.45 um Table 3 Physical characteristics of original and modified
CTMAB-based ceramicites
EDCs o CTMAB-
Freundlich (m’/g) 0.13 0. 0544
BET (m?/g) 1.6334 0. 8763
o Freundlich (m*/g) 0.676 0.168
q. = KFC}»/" (3) (m?/g) 0.84 0.475
" ( pe/me) ; . (Llg) 8.339 5.319
(pg/L); Ky  Freundlich (17 o 2
o Freundlich ( nm) 10. 7759 13. 3886
b 7.57 6.57
1 <n<l10 ) o

( favorable adsorption) o

pH
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» R’ EDCs
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(6.57) pH,,.(7.57) pH % EDCs
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pH,,. pH EDCs 5 min SMZ
pH K, (10.42013)
o (0.06648) 7 ( 4 SMZ
2.2 EDCs 35001
n i [}
30001 o CTMAB-HEH
- EakE
2.2.1 EDCGCs 7 .
2000 .
SM7, MTP = :
1500+ = _ *
o q l OOO L / -
- -
! ! ° s00F =,
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t (min)
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o St ——o . . Go0of b P
- gy A
| - g seo0f  HEME
‘EE“} 06 .' —e— CTMAB-Bi§E ool . L]
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02 Pl
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i 2 SMZ  MTP
08t —=- fal
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o Fig. 2 Adsorption pseudosecond-order curves of SMZ and
S 06f
g MTP onto original and modified ceramicites
S 04t .
- — =
v 4 SMZ MTP
p2feet—e— o o —— "
00 200 400 600 800 10001200 14001600 Table 4 Pseudosecond-order model parameters of SMZ
1 {min) and MTP on original and modified ceramicites
(b) MTP CTMAB-
1 SMZ  MTP q.( pg/mg) 0.43957 0. 90109
SMZ K. / * mi 0. 06648 0. 42013
Fig. 1 Adsorption kinetic curves of SMZ and MTP onto (e p;g min) )
R 0. 99291 0. 99997
original and modified ceramicites 7.( pg/mg) 0. 32839 0.21136
MTP K,( mg/( pg * min)) 0. 50302 0. 40452
EDCs R 0. 99874 0. 98876
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5 EDCs
SMZ  CBZ
0. 2459 pg/mg)
mg) MTP
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( 0.9011
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Fig. 3 Adsorption isotherms of CA and EE2 onto

original and modified CTMAB-based ceramicites
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5 CA EE2 Langmuir  Freundlich
Table 5 Langmuir and Freundlich adsorption model parameters of CA and EE2 on original and modified ceramicites
CA Freundlich Langmuir
Ky n R? Q.(mg/g) K, ( L/mg) R?
0.23 0. 8973 0. 9958 0. 0497 2. 6054 0. 9862
CTMAB- 0. 692 1. 0283 0.9921 0. 68 0.977 0.9976
Freundlich Langmuir
EE2
Ky n R Qu(mg/g) K, (L/mg) R
4.5304 1. 0145 0.9377 0. 4835 7.8482 0.7919
CTMAB- 20. 6249 1. 0564 0.9877 2.2804 11. 3604 0.9929
6 EDCs - Uhor)
=qca > qsmz > Gure > Gz G2 >
Table 6 Isothermal adsorption-partition models of Gure > Gonz > Gen > Qoo
EDCs on modified ceramicites 29 EDCs
Freundlich
RZ _
q. =KC.n +K,C, 2
SMZ ¢, = —0.06073C" "% 10.07058C_ -0.00213  0.99865 ( sieving effects) - Jung
MTP ¢, = —0.00808C%%*7 +0.01051C, -0.0013  0.99618 EDCs
— ~0. 96413 v i
CBZ g, = -0.07431C%°*"7 +0.06151C, +0. 1348  0.98776 Qs > Gon
- _ 1. 02827 o
CA ¢, = —-0.00683C" Y 4+0.0087C, —0.01333  0.9953 EDCs e . 5 EDCs
EE2 ¢, = -0.12898C1 "% 1+0. 18186C, -0.04524  0.99334
v Verr > Ve > Vegz > Vayz >
Vea
5 EDCs Freun—
dlich
e EE2 \ 'TI'
( 6), EDCs 30 31
2 29
° o SMZ
5 EDCs :
5 EDCS ° CA
(7 5 CA CA
o coV/m I ¢ 1 pg/mg
4 m 0.2 pg/mg.
3
7 5 EDCs
Table 7 Adsorption of 5 EDCs on modified ceramicites ( 1) CTMAB
under different circumstances ( pg/mg) N ;
CTMAB- SMZ MTP CBZ CA EE2 o
(), 08991 0.7793 0.2491 0.9999 0.9999 (2) EDCs
| 5 min
0.7051 0.7735 0.08 0.2268 0.9143
( ) 4. ; CTMAB
Freundlich -
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MTP CA o
process. Desalination 2014 336: 1823
° 12 Kumar A. K. Mohan S. V. Removal of natural and syn—
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