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The Evaluation of Adsorption Characteristics of Perfluorinated Compounds (PFCs)
in GAC Process Using Continuous Column Adsorption Test
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Abstract : This study accessed the adsorption characteristics of the 11 perfluorinated compounds (PFCs) on coal-based granular
activated carbon (GAC). The breakthrough appeared first for PFODA and sequentially for PFHDA, PFTeDA, PFTDA, PFDoDA,
PFUnDA, PFDA, PFNA, PFOA, PFOS, and PFHpA. The maximum adsorption capacity (X/M) for the 11 PFCs with apparent
breakthrough points ranged from 2.43 ng/g (for PFODA) to 64.5 pg/g (for PFHpA). Carbon usage rate (CUR) for PFODA was 0.291
g/day, 11.2 times higher than that for PFHpA (0.026 g/day). The X/M values for the 11 PFCs were fitted well with a linear regre-
ssion (7 =0.89) by their molecular weight (chain length).

Key Words : Perfluorinated Compounds (PFCs), Granular Activated Carbon (GAC), Adsorption, Continuous Column Adsorption Test,

Mechanism, Chain Length
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Table 1, Physicochemical properties of PFCs

Compounds Formula M.W._ (g/mol) CAS No. Water solubility (mg/L) pA: Structure
PFCAs
PFHPA CeF1sCOOH 3641 375-85-9 - -
FEFEFEF O
PFOA C7F15COOH 414 1 335-67-1 3400* 25% F oH
FFFFFFFF
PFNA CgF17COOH 464 1 375-95-1 9500% 2~33°
PFDA CgF19COOH 5141 335-76-2 - -
PFUDA CioF2:COOH 564 1 2058-94-8 - -
PFDDA C11F23CO0OH 6141 307-55-1 - -
PFTDA C12F25CO0H 664 1 72629-94-8
PFTeDA C13F27COOH 7141 376-06-7 - -
PFHDA C15F290CO0OH 814 1 67905-19-5
PFODA C17F3:COOH 914 1 16517-11-6
PFSAs
. FRFRFRF
PFOS CeHF17S03 499 1 2795-39-3 570" -327% $03
FFFFFFFF
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Table 3, Characteristics of GAC influent waters

Turbidity DOC Temp.
Parameter H (- .
RO ) mon
Value 6.8~75 0.04~0.08 1.21~1.50 14~23
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Fig. 1. Schematic diagram of continuous adsorption column

system,
AAE A7 U] F-400 AEHS 40 mL $38 5 e
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2.2.2. PFCs T x{2|

222.1. A&y AAE

Al24E 0.2 pm HWEH QI E|(Millipore, USA)Z o] 1}s}
of QA BBE AAT F AR FO| BRAS) A9
O|ESE 93l AFE-o 50 mL o 0.2 mL9] 5% Na,EDTA
go)5 H7lelgon], EDTA H7b 5 40% SHAHEolS AL
sto] AlRZe] pHE 3 o]stz 2stelct AXelst By
Al@49] = - F&f+= Spark HollandA}2] on-line SPE
equipment (Symbiosis, Spark Holland, Netherlands)E A&
3} o™, SPE cartridge:= hysphere-C18 (EC) extraction car-
tridge (2 mm X 10 mm, 8 pum, Spark-Holland, Netherlands)

PFODA PFHDA PFTeDA
(914)

(814)  (714) (664)  (614)
(3] a

PFCs (CIC,)

0.0

PFTDA PFDoDA PFUnDA PFDA

Table 4, Analytical conditions of LC/MSD used in this study

Descriptions Analytical condition
Mode API, negative
Mobile phase A: 5 mM ammonium acetate in water

B: 100% acetonitrile

0 min, A/B = 65/35

10 min, A/B = 20/80

18 min, A/B = 20/80

20 min, A/B = 65/35
0.2 mL/min

Gradient program

Flow

£ AF8-514 ) SPE cartridges= ™A 1 mL 100% MeOH, 1
mL 40% MeOH 18|31 1 mL DI waterg A2 ARE-3}
o] conditioning3t & Al&E 10 mLE 2 mL/min®] F&9
Z catridgeE FHAI A S M, &A= 5 mM ammonium
acetate?} 100% acetonitrileS 65 : 35 H|&% 0.2 mL/min2]
422 SPE cartridge| 2 2] E U] cartridgeo] &2H%| o]
Q&= PFCse2 A1 o, o] o cartridge:= LC/MSD2}
on-line2 2 AZAE ] cartridge Uof] =35 target =2 ZTF
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4 e £48 2Y 4 9t
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H oJqtof A= 1159 PFCs £4-2 ¢J3l Agilent 1100 LC/
MS series (Agilent, USA)E AME-31$2 1, PFCs 1159 &
2|2 9|3 WatersAloll 4] A %3t Atlantis®dC18 column (2.1
mm x 50 mm, 8 um)e ARESFATE EA o AMEE o] FA &
= 5 mM ammonium acetate 843} 100% acetonitrile -84
ojm, th=4d 1152 a2l &5 flall Alxtel w& +
7 8] 2ae FElstinh o] & AAIRE EAEE
Table 40] YEFH QT 1159] PFCso] HEFA 2Hd, A4 o
AeF2 EIC (Extracted Ton Chromatogram)2 ©]-8-5}ch”

3. Zn Y o

3.1. GAC ZH0||AM PFCs 1152| ntutEM
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Fig. 2. PFCs breakthrough curves for coal-based GAC.
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Fig. 3. Schematic diagram of the sorption of PFCs on the ac-
tivated carbon via some possible sorbate-sorbent inte-
raction (A: electrostatic interaction, B: hydrophobic inte-
raction) *?
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Fig. 4, Adsorption isotherm for seven nitrosamines of coal-
based virgin GAC,

7o) fdsEet $E5EE XL, A (ol ekl Fr-

eundlich 52352k & o] &-3lo] X/ M3} C.& L3fo] 1 2
& Fig. 4o YEtH LA, o] & 2JFE4 5t ket Ins
shit

XM = k- Cel/n (1)

X : the amount of solute adsorbed (pg)
M : the weight of adsorbent (g)
C. : the solute equilibrium concentration (pg/L)
k, 1/n : constants characteristic of the system

11%9] PECso] sl Ao ALg5l Agh] A1 Algh
9] ZzHg-gf(adsorption capacity)= H715}7] $13+9] Snoey-
inko] Ao A AFL-s BAJE A}-8-E(carbon usage rate,
CUR)} 2deh =g (bed life, Y)of &3t 4] )2} 4] 3)=
g5t

(G-a)rF

CUR(g/day) = T)o

@

C. : equilibrium concentration (ng/L)
GCo :
C; : desired effluent concentration (pg/L)

influent concentration (pg/L)

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

(qe)o : amount adsorbed per unit mass of carbon at Cy
(4.)o (V) peuc
Y(day) =(V) - pGAC(q)_ COF CUR 3)

V : volume of adsorber (L)

pGac : apparent density (g/L)
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Table 5. Adsorption capacity data of coal-based virgin GAC for PFCs

ltem Unit PFODA PFHDA PFTeDA PFTDA PFDoDA PFUNRDA PFDA  PFNA  PFOA  PFOS  PFHpA
XM (ng/q) 243 4.04 746 1881 2301 8270 3985 4567 5537 6072 6450
BVbreakitrough () 7909 11935 17975 31061 36957 44578 50186 63703 79090 85417 90019
Bed life (day) 55 83 125 216 257 310 349 443 550 594 626
CUR (g/day) 0291 0193 0128 0074 0062 0052 0046 0036 0029 0027 0026

K (no/o)L/ug)i/m 1128 1298 1837 5695 7509 7696 8566 9484 14457 15519 15873

1/n 8 1993 1505 1159 1225 1305 0904 0793 0801 1021 0995 0953

A (32 Ce=CoE 7T o L3R H, (g T 8}71 9 = s AdAlE dTtoll theFgt PECsEo] &2t of

S| A ()ollA -7 115-2] PFCs 242}l gt
24 kol 1/ng L3yt Adntro g B3y 5
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ﬁ" - mﬂ
£ ot oX
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i
o
i

) S o o
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& o] FA &= AA Z*"X*Oﬂfﬂ 1 gkel AE2 Akl
7h9e S glek mebd B dTdA 4 98 94 B
Zeol Aol wetugE 2837 ffste] 4 ()= HF st
et
Peac I
CUR(g/day) = 57— T— O]

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

BVoreakthrough :© bed volumes to breakthrough ( -)

CURE| ALEE: 4 (2)2F 4] (4) B5F ARE2] 753, (qe)o
E+= BVoreakihrough &= A5 S2A9E Ao =t 24
72 9] ATE AL k9 1/neS E&35193, CURY bed
life= TAHA[F 0] BVE ©]-8-30] 4] (4ol =&38}3lct o]
27 =25 k, 1/n, CUR ¥ bed life®} 22 SHEAL 1t
o4& 4 e AEES Table 5o Lpefgich

A A GAC Algtoll A 1152] PFCsoll thet 2|t g2h=F
(X/M)2- PFODA 7} 2.43 pg/g & 714 W7 Lepton, PE-
HpA7} 64.50 pg/g &= PFCs 115 FollA 7HE w2 &2
T2 el

AHA GAC Aol 4 9] 115-9] PFCsof thgh &H/dek At
2E(CUR)2] A9 PFODA”} 0.291 g/l 2 }ElL} PFHpA
2] 0.026 g/day Bt 11.28) AE =2 FAE AFRES U}
Ehfglon], B Ago] AlgH F2E %S 10,000 mY/Y A
&5 ALAro] SAEr S22 71A5H9S H-$ PFODA
9] AL 0.505 £/ CURS Ve 2, PFHpA 2
CURL- 0.045 /9= epyiTh

Table 50] 4] & 4= Qlzo] & AFo| AHgH 1152 PECs
o] o FARFXM)S Al 2 Ak, 71 AEZ 717 PF-
Cs7} &> A2 7H2l PFCs HEth GACO| &2he|= <ol
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o olsLe AT YT

<3 E 9] PFCs
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7 oluel AAlES Satst
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}%E 742 PFCS.J blocking FAFo| HhAy3ic.
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= WS Esteh whebA ket ARE R H 9] PFCs S3HE
o] o} 71 A& Ef 2] PFCsoll W3} blocking 3Fo] %2
Adilgel A7 B AdAlgel T el S ®w
of BT} e AHS 7HA PRCsSh AAsko] GAMEIL) whet
A 71 AR el PRCsS] A9 ek -2 A1&Hee] PECs

Ho} B ofef obxl El AR oR £ AT o
744 Aok 2o el ATl 9 9 G 0
% Eesh7] wzol Fig.2 9 Table 50 vebd 23}
1 A& E 9 PFCs7} B A& Ef ] PFCs Ht uu}t
THA I (BVireakinrougn) - 2 2o FAFES Uebd A
o7 godnt

A e GAC Algtol| A mhato] =3k 1159 PFCsol of
3 Zd] S2EHX/M)T} PFCs EA}H(molecular weight) 2}
o] AL 7Rt A& Fig. 50 UEhgict. Table 1]
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-
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i PFHpA
O PFOS
60 |-
PFOA
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Fig. 5. Evaluation of correlations between X/M and molecular

weight (chain length).
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