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Perfluorinated Compounds; New Challenge and Problem
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ABSTRACT : Perfluorinated compounds (PFCs) have been recognized as emerging environmental pollutants and are widely
distributed all over the world. These compounds are hardly degradable and cause bioaccumulation and biomagnification during
present for a long time in the environment: thereby after adversely biota and human bodies. It is difficult to remove PFCs using
conventional water/wastewater treatment because of resistant property to photodecomposition, biodegradation and chemical
decomposition. Moreover, domestic literature data on the pollution of PFCs in rivers and lakes are limited. In this paper, species,
sources and risk of PFCs as well as behavior properties in drinking water/wastewater and treatment processes are demonstrated to

encourage the domestic concern about PFCs.
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Fig. 1. Structure of PFSAs and PFCAs
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((a) n=3: perfluorobutyl sulfonate, n=5: perfluorohexyl sulfonate, n=7: perfluorooctyl sulfonate, (b) m=4: PFHxA, m=5:
PFHpA, m=6: PFOA, m=7: PFNA, m=8: PFDA, m=9: PFUnDA, m=10: PFDoDA.).
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Table 1. Physicochemical properties of PFCs
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Helo] =7| wfZof Azt FEEOlA HZE HE &

Wtk WelA ook 212 B3 A&ast Ao ASE

Compounds Formula M.W. (g/mol) CAS No. Water solubility (mg/L) pKa
PFCAs
PFHxA CsHF1102 314 307-24-4 - -
PFHpA C7HF1302 364 375-85-9 - -
PFOA CgHF 1502 414 335-67-1 340019 2.59
PFNA CoHF1702 464 375-95-1 950020 2~320)
PFDA C10HF1902 514 335-76-2 - -
PFUNDA C11HF2102 564 2058-94-8 - -
PFDoDA C12HF2302 614 307-55-1 - -
PFSAs
PFBS C4HF9S03 300 29420-49-3 - -
PFHxS CsHF13S03 400 3871-99-6 - -
PFOS CgHF17S03 500 1763-23-1 57013 -3.2719
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Fig. 2. 3D structure of PFOS.

200393 200499 ZAbo] waw w3 ARl
99.7%° N oA Bt 4 pg/L A= == 4
defj A7t EFFoAME dhE Heg 3
8%7%1 SEL A Wl A= ek

o]

126),

= o8 AA el Bt A PFCs= B U
9] Eh“é‘% SIAZIAL, AHT 2R o] TEEI)
feed—back AIA®O] FF& 30, A, Lo, TS
of, dalgol & efolr|y, WAA A FFS WAL, 4
2l g A A7, FHAHE A5 AeAA A
Aoy A E %‘%‘8}111, APAT 2FAEE A
of 7kA+= PFCs® S4C= 23 thE POPset= B
AA W] AgAol= FAo] A ghAv FH chulZ i}
Afshs EACR Qs Trolu | FHEE AoR

SEERIERET

PFRCsoll gt A =& 2= 57 T PFCs9| &
%13} PFCs2 . AE SAjo|u} Be] 4o ol Ho|ufss
~35 37 Fol|A PFOSe PFOA7} th2 PFCsol H] 3]
HA £ SER HAEHE olfe AdEAolY a4
Aol Wi & w22 A5 o= e
Y} PFOS® PFOA7} fluorotelomer alcohols
(FTOHs)9t 22 th4 3t PFCs ATEHDE9] 25 Eall4t
Zo7] tgo)7| % sje} 3630

4. & - stollMel HS

PFCs =of tgt &a=7F vl obA19 o POPs

A~
, _,_E.%lél 44) ol

HIE45.400) 4 BT A 2o =g AZHc 29o] gl
= A¥99 PFCs X+ 50~10,000 ng/LQl ¥HH 2
g 9lo] g x|edo] S QoA AuA O T £ o/l W
Q2 EAghry 14.44.47)
ol A1) PFCs®] &3 4 &g
#—01] A Ao 7H7ke 7 Sk
FoF w7t 9538 & Aer Hius)
), olgt o= StrA Y AlxFAolA o
g o]folt} 4050 EFE Ao HlEo|Y =
FoA e ¥ ng/LO PFCs7t &0 Foz
= )} 45,46,51,52)
29 PFCse Atg@dolA 24
A 8- g4 Aol s
A A=A %5}1 FF ol AFshe PFCs7h Aoy
A , AP @A o A ¢
Z% PFCs 4 B FoE [0 B FES
‘3]'. HrEA] A 34 5 3 A4 (photolithographic)
©7} 1650 mg/LE LFEFL} b
LAY Aoew Huggl

H] °H ‘1;]]_/,\_38 39) Z]_ﬂ-_)\zlo 41) Z] ]—/\42 43)

a

T

2} A 5t

Eiﬂ A
c} 53)

st 2o A 9] PFCs A5 f+d 5= PFCs7}F ti
B gAY E f9E050 £3] PFOSY PFOAS 7%
= fluorotelomer sulfonates® fluorotelomer
alcohols¥ 2 S22 E2 AeEsfol 71t W7
FoA o] 59 FETt FASA Frhste ALE
T} 29.54~56) 3} A& 9] Ao]7t B} 1] PRCARES
glA]o] #& Hle2 FEJTE 5

AA Z=o A 9 st o] Wi,
S0 A9 PFCs2 =S ARG A& Table 29| LeH]
e}, 7t x]ou o] wet shpA e WRe, A

g M Eo)49 PFCsO] $H7Y vt vl$ B

S Holil Qith. 53], 2|y e "ol X9 A

AM= H71E Fstd LA AF=2E00 s &
| AL 50 S o] A= Alste ol uhey T A9
A Ego] A9 PFCse LAEE RAFSE AitoA] PFOA
7F o 62 ng/L, PFOS7} 2t} 651 ng/L7HA AEE S
E} 57)

=49 PFCs £

)

FCs9 8

> ;9

EXE R

e

4]

(

]_

02
° § 2 %

ENEIEY

75.\1L S AHEY g2 Osaka’\]——] —’F =°] 44 PFOA
9} PFOS®| B&4d %P% AL Takagi 59 G275
o giE o £EEo|A PFOSY PFOAZ} HEH S

CHEHEZZ S| | MI31 2 12512009 12€ |

1153



1154

Korean Socity of Environmental Engineers

AGE.OAK .
235 - 74

L

Table 2. Summary of PFCs occurrence in wastewater, surface water and drinking water

) ' PFOA PFOS I
Site and location (ng/L) (ng/L) Other PFCs detected Verification Ref.
Wastewater effluent
2 WWTPs (Catalonia, Spain) (100~4300 - PFDA (50~8,170 ng/L) a ‘;Tj:gc and indusirial 62)
WWTP (lowa City, lowa, USA) 22 26 N-EtFOSAA (3.6 ng/L) Domestic influent 39)
PFBS, PFHxS, PFHxA, PFNA, Domestic, industrial and
10 WWTPs (USA) 3~97 1~130 PFDA, FOSA commercial influents 29)
6 WWTPs (New York, USA) 58~1,050 3~68  |PFHXS, PFNA, PFDA, PFUNDA Pomestic, indusirial and 55)
commercial influents
4 WWTPS (Northern 5 7~250 2 4~105 B Domestlc_, m_dustrlal and 63)
Bavaria, Germany) commercial influents
PFBS, PFHXS, PFHPS, PFPA, Domestic, industrial and
9 WWTPs (Elbe river, Germany) 12.3~77.6 (0.06~82.2 |PFHxA, PFHpA, PFNA, PFDA, commerc{al influents 64)
PFUNDA, PFDoDA, PFTriDA, PFOSA
5 WWTPs (Kanto region, Japan) 1968 49~640 PFNA, PFSA, PFDA, PFUNDA,PFDoDA, Domestlcj |n.dustr|al and 52)
PFTriDA commercial influents
Reclaimed wastewater, 4 WWTPs 19185 20~187 PFHXS, PFDS, PFHxA, PFHpA, PFNA, |Domestic, industrial and 65)
(California, USA) PFDA, FOSA, N-EtFOSAA commercial influents
Surface water
Tennessee river (USA) of Upstream: (25 | Upstream: 17~53 _ Fluorochemical 40)
fluorochemical manufacturing facility | Downstream: 25~513 | Downstream: 30~140 manufacturing facility
Etoblcpke Creek (Toronto, timeUpstream: 0~33|  Upstream: 0 . )
Ontario, Canada) upstream and . . Accidental spill of agueous
downstream of fluorochemical Downstream: Downstream: | PFHXS film—forming foams 42)
\ 0~10600 0~995,000 9
spill over
Lake Erie and Lake Ontario (USA),| 57,5 21~70  |N-EtFOSAA, FOSA Not stated 66)
urban and remote locations
River (lowa City, lowa, USA) 8.7 23 N-EtFOSAA (1.2 ng/L) Wastewater effluent 39)
Remote lakes (Lake Superior,
Minesota, USA; Voyageurs National 0.1~0.7 0~1.2 PFHXA, PFHpA, PFNAA tmospheric deposition 67)
Park lakes, Canada)
Urban waters (3 lakes in Minneapolis 0.5~19 2 a~a7 PEHxA, PFHpA, PENA. PFDA Urban Iocatloh, runoff and 67)
and Minnesota, USA) wastewater discharge
Lake Michigan (USA) 0.3~3.4 0.9~3.1 PFHpA Non—atmospheric sources 67)
Streams, lake in Shihwa and PFBS, PFHxS, FOSA, PFHxA, PFHpA, . )
Banweol indusirial areas (South Korea) |~ 0002 2.2~651 \pep) Local indusrial sources 57)
Surface waters of New York 0.5~7.4 (0.8~756 PEHXS Industrial and municipal 55)
state (USA) wastewater effluent
Superficial run—off from
Rhine river, Moehne river and Rhine: 2~48 Rhine: 2~26 s waste materials applied to 1)
heir tributaries (Germany) Moehne: 11~33900| Moehne: 2~5900 PFBS, PFBA, PFPnA, PFHXA, PFHPA agricultural areas upstream,
wastewater discharge
Tributaries of the Pearl and PFBS, PFHxS, FOSA, PFHxA, PFHpA, |Alndustrial and municipal
Yangtze Rivers (China) 0.85~260 (0.01~99 PENA, PFDA, PFUn wastewater effluent 41)
European rivers including Po: 200 ]:zicl)izic:fsolygz;nT?:ugictunng
(Po, Rhine, Danube, Elbe, - - PFHxA, PFHpA, PFNA P 68)
A ; Others: (0.65~23 watershed,wastewater effluent
Oder, Seine and Loire) .
and source for the other rivers
) ) PFBS, PFHxS, PFPA, PFHxA, PFHpA, |Alndustrial and municipal
Blbe river (15 sites, Germany) 2.8~9.6 0.5~2.9  |oEnA, PFDA, PFUNDA, PFDODA, PFOS |wastewater effluent 64)
Rotgr Main river 10~23 1 7~16 B Industrial and municipal 69)
(4 sites, Germany) wastewater effluent
Constructed wetland receiving
: PFHxS, PFDS, PFHXA, PFHpA, PFNA,
reclglmeld wastewater 9~14 19~29 PFDA, FOSA, N-EtFOSAA Wastewater effluent 65)
(California, USA)
Drinking water
4 cities (Japan) - 0.1~51 - Sourced from Tama River 44)
Sourced from rivers
Ruhr area (Germany) 0~519 0~22 PFBS, PFBA, PFPnA, PFHxA, PFHpA |contaminated by land 14)
application of waste materials
o Sourced from groundwater
West Virginia, USA measured 58~4800 - - contaminated by nearby 70)

over 1984~2004

Dupont facility
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Table 3. The concentrations of PFCs in raw and tap water and the removal efficiencies of PFCs by drinking water treatment plants

Concentration (ng/L)

Removal efficiency (%)

Water source and drinking Raw water Tap water
water treatment process Summer Winter Summer Winter Summer Winter
PFOS PFOA PFOS | PFOA PFOS | PFOA PFOS | PFOA PFOS | PFOA |PFOS | PFOA
1) RW — RSF + 03 + AC + Cl2 0.87 19 3.2 58 2.8 15 1.6 35 -222 21 50 40
2) LW — RSF + AC + Cl2 4.6 67 4.5 92 0.16 6.9 0.1 4.1 97 90 98 96
3) RW — MF + Cl2 0.37 5.2 0.26 7.4 0.29 2.3 0.20 5.0 22 56 23 32
4) RW — RSF + Cl2 0.56 11 0.54 16 0.45 6.1 0.37 6.8 20 45 31 58
5) RW — RSF + Cl2 2.1 8.4 1.8 8.4 1.7 6.9 1.7 71 19 18 6 15
6) LW — RSF + Cl2 1.0 20 1.3 30 1.0 15 1.5 18 0 25 -15 40
7) GW — RSF + Cl2 6.1 58 3.4 30 7.0 40 3.4 23 -15 31 0 23
8) GW — RSF + Cl2 2.9 20 3.0 23 2.8 19 3.0 27 3 5 0 -17
9) LW — SSF + Cl2 2.7 28 1.8 32 2.3 21 1.9 19 15 25 -6 41

% Water source — RW: River water, LW: Lake water, GW: Ground water
% Treatment process — RSF: Rapid sand filtration, SSF: Slow sand filtration, MF: Membrane filtration, O3: Ozonation, AC: Activated

carbon treatment, Cl2: Chlorination.
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