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Characteristics of Removal of Perfluorinated Compounds (PFCs)
Using Magnetic lon Exchange Resin (MIEX ) in Water

Hee—Jong Son*, Hoon—Sik Yoom, Kyung—A Kim, Sang—Weoun Ryu, Ki—Won Kwon
Water Quality Institute, Water authority, Gimhae 621-813, Korea

Abstract

Perfluorooctanoic acid (PFOA) and perfluorooctyl sulfonate (PFOS) is a new persistent organic pollutants of substantial
environmental concern. This study investigated the potential of magnetic ion exchange resin (MIEX®) as the adsorbent for the
removal of PFOA and PFOS from Nakdong River water. In our batch experiments, we studied the effect of some parameters
(pH, temperature, sulfate concentration) on the removal of PFOA and PFOS. The results of sorption kinetics on MIEX" show
that it takes 90 min to reach equilibrium but the economical contact time and dosage were 30 min and 10 mL/L. An increase in
pH (pH 6~10) leads to a decrease in PFOA (2.0%) and PFOS (3. 6%) sorption on MIEX"®. The sorption of both PFOA and
PFOS decreases with an increase in ionic strength for sulfate ion (SO4 ), due to the competition phenomenon. An increase in
water temperature (8 C ~28C) in water leads to a increase in PFOA (2.8%) and PFOS (4.3%) sorption on MIEX®. Based on
the sorption behaviors and characteristics of the adsorbents and adsorbates, ion exchange and hydrophobic interaction were
deduced to be involved in the sorption, and hemi-micelles possibly formed in the intraparticle pores.
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Table 1. Physicochemical properties of PFOA and PFOS

M.W. Water solubility

Compounds CAS No. (g/mol) Formula Structure (mg/L) pKa
FFEFEF O
PFOA 335-67-1 414 GHF0, F OH 3400° 2.8°
FFFFFFFF
e FBR ER FE [F
PFOS 1763-23-1 500 GHF SO ) SOsH 570° 327°
3
FFFFFFFF
*Lau =, 2007; ° Prevedouros =, 2006; ¢ Lau =, 2007.
MIEX® Z2]o] &3} PFOAQ} PFOS A7 AlEle 3} Ze|(Millipore, USA)Z o1}t & 24 9IRS )
Ak Aol AR 9 miE o] S EHE Ast7] Qs AHo]E Ao 24 A& 50 mL

9.2 NTU, pH 7.6, 5~ 18 C, SHilo] 2 1= 38 mg/L, 5% Na,EDTA 84 0.2 mLE& 7|5} tHTong et al.,
AT 5% 74 mg/L as CaCO, ¥ £& {7]ekx 2009). 3} SPE 3 U 2Zulgo|A ] 3482
(dissolved organic carbon, DOC) ‘g%=7} 3.18 mg/L =0]7] Y3l 40% A4S AESte] Al2422] pHE 3
k. olat& 2 As}9tk PFOA 9 PFOSO] 38 SPE 7}
EZ|X]+&= Hysphere-C18 extraction cartridge (2

22 MEX" BN U BE M3
e . mmx10 mm, 8 pum, Spark-Holland, Netherlands)E
MIEX "= ot=d AA9] A7 o] umekA]

AR, 7HE R 9] AR e, & 2 2ETL

AR =77 ~ Aro 7} ot E
= YAF7I7F 150 ~180 um Hieolwl, 47F iie 100% MeOH 1 mL2}40% MeOHlmL-E— FIEE] A

N Helo] My = 7% ®
(-N'R3) gej9] 57| 7}2Ich Table 29| MHEX ] o] B TABIAIZ] 2o | mLz AHE
of & - 33tH2l SAES Uitk MIEXT 3
21510 o - - o . 5 AlE4 10 mL (2 mL/mm)# #E%—rﬂﬂ/ﬂ =23
z [e) 2 QAL Hy= = B
s 1: LMIHE;L/\H i]o : }i]jcj Ijﬂ—r S &9 1 mLE AJAS &£ 5 mM ammonium acetate/
o Z Z
0ﬂ aer chAet ] isl L7;Ej] ‘63"#/ f Ei ‘E acetonitrile (65%/35%) = &5} T)
7 Z ®
(,agql Fr f}PFZO]} - ﬁl\;EX%g LAL LE f‘ = PFOAS} PFOS E4J0]= Atlantis®dC18 Z& (2.1
7He e = 47 2~
e e T3t o 30 mmx50 mm, 8 pm, Waters, USA)S A2 A LC/MSD
mL/LE ¢ 5 60 rpm 2.2 90& 52t A 2gt & 4=
7

231 MIEXY9] B2 o] 257k A7) T BA (Agilent 1100 series, Agilent, US.A.)S ©1§5f] =
o ofa ARz —'_H st el =T 25t} o]%AF 8ul= 5 mM ammonium acetate
[ A 'T'O .

2917} 100% acetonitrile2 AFE5}% T LC/MSDE]
23, 2M B4 %278 Table 30f LER Qi PFOA 2} PFOS 2]
PFOS$} PFOA HA1< 9l Al gl ﬂ = fragment ion-2 ZYZ} 413 (m/z)3} 499 (m/z) 2 St &

(solid phase extraction, SPE) #of 0.2 pm gl A5t Moriwaki et al., 2005; Skutlarek et al.,

Table 2. Physicochemical properties of the MIEX "

Particle size Functional Total exchange capacity Water content
Type Pores Structure (um) aroup (mmol/mL) %)
Strong base  Macropore Acrylic 150~180 -N'R; (CI) 0.52* 65"

* Wang %, 2012, " Cornelissen =, 2008.
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2006). PFOA 2} PFOS o] A&A|7He ZF2F3.31 miny}
6.65 min°| itk

DOC £42 2442 73Lo] Aﬂ%El 0.2 um Wy
Z%l FEE AREst AlmrE ot & ST
4 BA7|(Sievers 5310C, GEAL USA)-% /\]~%0}04
=A5toct.

Table 3. Analytical conditions of the LC/MSD

Descriptions Analytical condition

Mode API, negative
Mobile phase A: 5 mM Ammonium Acetate in water

B: 100% Acetonitrile

Gradient program 0 minute, A/B=65/35
10 minutes, A/B = 20/80
18 minutes, A/B =20/80
20 minutes, A/B = 65/35
Flow (mL/min) 0.2
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AL Qe Yu 59 A-41H2009) 0| 4 %= AT400 ©]
LWIPAE ARREA PFOAQF PFOS A|AAHS
gt A3}, PFOSo|| ]3| PFOA 9] F2keFo] =7 Uet
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Fig. 1. PFOA, PFOS and DOC removal as a function of mixing time for different MIEX" doses (pH: 8, Temp.: 18°C, SO~

conc.: 38 mg/L).
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PFOS7} 257 cm’/mol & PFOS 2] 23] 7} 37| wj o
o] 2 ek2| 9o Al Lol|A o]F - Ak uf PFOA
of vlaf| Eejgh A o® Warskar glrt. of7]of chalA]
= Fig. 5041 ZpA3] A stoich

3.2. pH 30l 2 PFOAS} PFOS HIHEA

A|@Z=0] pHE 6, 8, 1002 ZH3 T 4209 |
8°C, MIEX® =¢l2ke 10 mL/LE o] HEA|7hd
PFOAS} PFOS A|AEAS 7kt 28 Fig. 20 4
Btk A& pH HE 6~102 2 3 A2 Y
574 Aol A5 AF HANA 231e] pH H7}
74~9.4% RBi1Elo] 9lo] A|E5=0] pHE 6, 8, 102
2 5o} AFIATHKim 5, 2011).

ol&udt TS v SERAYAA A=
pH= S3HA| FHO] A7|3ksh ¢l E/AJ%at o et
SZE(PFOALE PFOS) 9] & E3folle W2 J3F
0] 2]7] wiEe]] AlE4=9] pHis o Fa3h a0tk
(Yu %5, 2009; Wang} Shih, 2011). Fig. 204 & 4=
9l0] AlR422] pH Wislol whE MIEX 2] PFOAS}
PFOS A|A5 W3}olA] Al74=2] pH7} Fobd4s=
PFOAS} PFOS A|A-go] sz A= Yehtal
U0, PFOA 9] 7-5- A|=4=2] pH 6, 8, 100]4] 30+
A& 50| A7 Lo] 22 98.6%, 97.6% L 96.6% =
Uelgtom, PFOSe] 79 7kz) 91.3%, 89.1% U
87.7%% LFEFL} pH7} 6911 4] 10.0.2 ¥3}A] PFOA S}
PFOS W5 A|7]&0] ZH212.0% U 3.6% A= 743}
itk Deng 52| 2A712010)0]41= MIEX "9} Zro]
771 ol emesAle] Ag- okdr) ol L
2o Hlsl] Alg4=2] pHe| HSKpH 3~12)°f utet
PFOS 9| Falake 2 wish/h glgirka Basta 9o
U okd7] g o] agkaA] o] A9t Al E42] pH7E6
of| Al pH 10 0. & AF5at 73-9- o] = 8k=%] jo] T
= amine 152 %4 H3K Moldes 5, 2003)Z Q1
3l PFOS©]| tigt S215F0] 18% A= 1F4gh Aoz
HIQIeE E3E, Wang -5(2012)-2 HhdRt o] 2 gl
A& o|g3dlo] 59 82 77]=2 (dissolved organic
matter, DOM)-Z A|ASE Aol A Alm4=2] pH7} &=
OFULE 5230 OH 0] &9] 527} F718l0] 52
DOM A|A-go] Asld AR B skl Qirt.

L URbA o2 X Z4=0] pH WSk o] 2 ek

A AR ol L mIF| Hakmnt ofje F2bael
sfste el Mstol gholgich Table 19] LERiSIS
o] PFOAS} PFOS Z+Z}9] pKa FhS 2.81F -3.27=2
W33 Glo] £ Age] AHgE Aol pH 27
#9] Yol 4= PEOASHPFOSE: (-) #1512 Hi= ¢
Bl 4ol EAI57] whiel £ Aol AbgE Al
42| pH 9] tell A= PFOAS} PFOS ARl 3fa
29 wisfe] J3) ol Lol Mok e o
o oz g

04 04
C— pH6
vz pH 8
0.3~ oA pH 10 0.3~
=z =
° e
o 9
O 02 o
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vol Lt L
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Fig. 2. PFOA and PFOS removal as a function of mixing
time for different pH values of raw water (MIEX"™
dose: 10 mL/L, Temp.: 18C, S04 conc.: 38 mg/L).
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Fig. 3. PFOA and PFOS removal as a function of mixing
time for different temperature values of raw water
(MIEX® dose: 10 mL/L, pH 8, SO4* conc.: 38 mg/L).
3.4, EMO|2 s H3lo)| 2 PFOAR} PFOS HMIHEM
A& 50 Aol =5 38~78 mg/Lo] 5=
2 23T 5222 18T, pHE 8, MIEX" E¢lake
10 mL/LZ 35}o] HEA7F 305 2] PFOAL} PFOS
AAEE B7I%E 1< Fig. 4] YehiRiH: Fig. 4
ANA & 4= ol AlmFel FHAtol2 F=7F 38
mg/L, 58 mg/L ¥ 78 mg/LZ2 F7}8=E PFOSL}
PFOA o tfjgt A A 8-0] 212+ 97.6%, 91.2% X 85.9%
2} 89.1% 9 82.8%2} 75.2% % TAadl= AS & 4=
UL oA o] 2ukA] B4 T2 AlA HAY
Fo] ol 2mgto]7] o] 5ol A MIEX ] o]
Wt BAHA Btol23t PFOA, SHilol2at
PFOS2}9] A& A competition phenomenon) 2
915}l PFOAS} PFOS 7|7 &0] 7h43t Aoz itk
thBoyer2} Singer, 2008a; 2008b). Ding 5-2] +2
TH2012b)o| A= ol EASH= SolFE 5 %
Aol 2ol Frole gl 7 2 ¥ vIAIH, v

WAt 24 - W19

0% B8} Yaole &0 BBk glov,
ol ol e mBA|S] BT o)F FolLFET e
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Fig. 4. Variations of PFOA and PFOS removal according to
various SO,” concentrations in raw water (MTEX(&‘
dose: 10 mL/L, pH 8, Temp.: 18°C, SO4 conc.: 38
mg/L).
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= AR A, =8 AlA w7 SR o2k
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2= YA v)Adlis T (critical micelle concentration,
CMC) ogollx] BA4E7] wizoll & Atol AN
%7]9] PFOALY PFOS FE2+= o] 2 gkrA] o
A FAE THsAL ulg won, CMC2] 1/100~
1/10009] == (Johnson 5, 2007)0A] AAdo] 78t
hemi-micelle 2= MIEX® F9 E A2 o]lA]
B4 7Fs/do] Atk E3L PFOS®}E PFOA 71719
CMCE 4375 mg/L9} 15696 mg/L= ¥ 1(Kissa,
1994) =31 glof & Aol A9} o] o] 2 gk
Al olgugto® AAE= ol AR Bfol=
CMC7} PFOA 9] 28% =<1 PFOS”7} hemi-micelle
TF2E FAdst7]ol golsitt. webA Al kol of
2 7€) hemi-micelle®] &A= pore blocking &4}
of oJ3) Q1 AlZL] ol Lt site’ T 27} Gl
7] uj o] PROAS] ]3] PFOS ] A7 &0] 23t
o= ek B3 SlolA QIEsteEe] PFOAC
H|3}] PFOS 2] BXx} Hu]7} # 34 % hemi-micelle 2]
Hulx= PFOS®] hemi-micelleo] =7| W&o pore

blocking & 28} 715-40] 6] ).

hemi-micelle

micelle CrN'R, A3

A2

B

Fig. 5. Schematic diagram of the sorption of PFOS and
PFOA on the ion exchange resin via some possible
sorbate-sorbent interaction (Al~3: ion exchange,
B: hydrophobic interaction).
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