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Abstract : The removal of sulfonamide antibiotics (SAs) by activated carbon was investigated by using granular activated carbon
(GAC) tests and density functional theory (DFT) simulations. The GAC absorption tests show the removal efficiency of 68.4~90.7%
and 99.0~99.9% in 1 and 24 hours, respectively. In both GAC tests, the removal efficiency of sulfamethazine (SMZ) was the highest
followed by those of sulfathiazole (STZ) and sulfamethoxazole (SMTZ): SMZ > STZ > SMTZ. In DFT adsorption simulations, we
found that the 4-aminobenzenesulfonamide parts of SMZ and STZ and the 3-methyl-1,2-0xazol-5-amine part of SMTZ are prefer-
entially adsorbed on the edges of graphene model, provided that the adsorbates keep their structures without dissociation upon
adsorption process. The adsorption energies of SMZ, STZ, and SMTZ are -4.91, -4.64, and -4.62 eV, respectively. This adsorption
strength (SMZ > STZ > STMZ) agrees with the trend of the removal efficiency of SAs by GAC. In addition, dissociative adsorption
configurations of SAs are discussed.
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Table 1. Physical characteristics of sulfonamide antibiotics (SAs)
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Lattice constant : 1,425 A

Supercell size : 1975 Ax17.10 Ax32.01 A
Total energy : -539.21 eV

Fig. 1. The structure and physical properties of graphene mo-
del, 1f~8f indicate the layers of graphene, The solid ec-
lipse at 8f indicates adsorption sites for sulfonamide an-
tibiotics (SAs).

S off 0.03~0.17 eV He= Zpo]7F WAIRE Fh A Q1 F2to|
HA| Blitoll= miu]et F3FUS 2153 Brillouin zone
& T-pointE ZHstal 0.1 eVl Hlo A 13} vEg-2 749
St Methfessel-Paxto WS £3] 2 x 2 x 1 Monkhorst-Pack
gridZ o] gate] A AT FZo YA (B = A ()T
&2 Aoz ALbshgith

E;ds = E;ubstmte +adsorbate (E;ubstmte + EZLdSOTb(ltC ) (1)

Esubstratﬁadsorbate, Esubstrate, Eadsorbate"\_:_‘ Z}'Z']' grapheneﬂ' ﬁez;sj-%
S2H= A, graphene, S2E2] F oY Aol H, A4kE o
2 U A(Ea)e) Fol 2 S5OY o TANORA F

A

o
2} kgol o akA ol Foldrka & 4 glck

YA HGAC) S o83 S2AFE A= Fig. 20 et
olch 1A17E 9t awkst S o] Z42ke] AlA age
SMZ:= 87.7~96.3%2] oAl H 90.7%2] A|AES B
om, STZL= 75.8~88.6%2] W92 Bt 82.5%, L2]al SMTZ
= 58.8~77.8%2] W lol| A Ht 68.4%2] AAES EIch

100
1
80
9 T
~ 60 - %/
©
]
(o]
£ 40
(O]
[a'4
20 -
0 % ’
SMz STz SMTZ
(@ 1 hour

E3F 244 71S WEEFELS wl= SMZ 99.94%, STZ 99.91%,
SMTZ 99.03%% X%= 99% o]A49] AlAES BAch &+ %=
A W= SMZ>STZ>SMTZ <0 2 A A7 ZE+= Ao
Uehom, ofejgt AR Fol A4AY 34 F Baw
BB AN F2 AAEE BAAstELt Choi 9 AT
o M= SAsO| Thpgh Estel A9] RUTAHBHPAC)E o]
83 B3 AARES 2Asgon” Sawe) xay|eh
FR7F g e alml @ 4 oA, v 2o

AdolM & A Ayt 43 £ 2 Aol xu= &

L THEa = =

3.2. DFT A|Z2i[0|M

3.2.1. EMEt 1 x 4 sulfonamide antibiotics (SAs) 72 &
el

ik
ox
c
tlo
=)
s
H
2
2
o
i
ofs
gk

tol mAlaly] Qe gdete]
24Tt Peter 52 AAAB]|H

il
20t
)
2
-
il
i
o
(e ot
rO 0
ol

nich
oX,
N
NN
B
>
-
N

i

[\S]
2>
o
_-)
-y e
u
(@)
N
ofl
lo
-

BN
i
o

o)
rr

%0,
K
-z
hid
o
lo
fru
o =
)
oflt
10
oflt
u)
i
N
i)
>.
39
rr
pa
lo

T RD e b
o
Y,
gt
lo

™
o
o
w F
>
m A
o

o i

ot 10
e
2]

ox
[
5o St

Fs7lols 724
&o] upEct upehd B
ol BashA Hn, ofo] 67440 ki we| FxE o]F
o1 graphene %5 0|50} DFT A4to] gaiirt. &
A7 B AFEo] o)F ol gste] 1o w2 B9l
4ol FHEA Aol Wol ol 8F L 91on, Bihter &
o] Ao A graphene F2Z 2-83to] FAJEkoA] Ao
e FRHaate] Satolu X9 A% Fe 58 Wl A
48 v} 9lEd, graphene®] EA2l(edge) HE-& 85}l
Hgol Co] Agtolv et Agtdol 5 A4tala, Hert &
getel F2hd o He', He" 5 of® Aej o] Hert S04

S

2
=
i)
= I
nich
o
)
1
oy
N
il
!
>
_?L
fr

rl

)
o

o] o5t 58 e, o] w2 Cloju} Bro] AdE B4
(HeCl, HeCL, HgBr, Hg:Br)o| B4 Ewo| F24
o] E4e Tl 5 sl SeEm ekt 2oy

100

99 4
98 4 /

97 4

Removal (%)

96 4

95 ‘ ‘
SMz STZ SMTZ

(b) 24 hour

Fig. 2. Removal of sulfonamide antibiotics (SAs) by 100 mg of GAC,
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Fig. 3. Relative adsorption energies of sulfamethoxazole (SMTZ)
on graphene depending on the number of layers.
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Table 2, Adsorption energies of sulfonamide antibiotics (SAs) on graphene model

compound SMZ

ST1Z SMTZ

Type 1

Type 2
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Table 3. Dissociative adsorption of sulfonamide antibiotics (SAs) on graphene model
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