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Abstract

Raw leachates from three landfills and treated leachates from two landfills on Jeju Isalnd were analyzed for ten
perfluorinated compounds (PFCs) detected in aquaruc environments. The leachates were collected six times in 2014 and
2015. Among the ten PFCs, three were not detected, namely perfluoroundecanoic acid (PFUnDA), perfluorododecanoic acid
(PFDoDA), and perfluorodecane sulfonate (PFDS). The total concentrations of PFCs ranged as 724-3313 ng/L (mean 1999
ng/L) in raw leachates and from less than the limit of quantification (LOQ) to 394 ng/L (mean 133.2 ng/L) in treated
leachates. The domonant compounds measured were perfluorooctanoic acid (PFOA) (mean contribution 37.7%) and
perfluorobutane sulfonate (PFBS) (mean contribution 38.2%) in raw leachates, and PFOA (mean contribution 40.7%),
perfluorohexanoic acid (PFHxA) (mean contribution 27.3%) and PFBS (mean contribution 26.5%) in treated leachates. No
significant correlations were observed between total/several individual PFCs and leachate pH and CODc,, which may be due
to complex chemical nature of landfill leachates and characteristics of waste and landfills.
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Kannan, 2006) % AJEA|(Kannan et al., 2002; Martin
et al., 2004)o)|A AZ&=|a Qich

PFCs= 7|5571°0 Q= s AleJstal ghael] 23
Eo] Q= B ot Eas X2 ) oo dE
S} 27 |(CoFanni-) & 2801 Q= TRt 159 A
= SIBHE2(Hamid et al., 2018), 7|57]¢f w2} 7| =2&
Alxto] B4 Q)= perfluoro carboxylic acids (PFCAs)
o} =ZA7) £9] Y= perfluoroalkane sulfonates
(PFASs)2 5=, H4=22+=  fluorotelomer
alcohols (FTOHs), perfluorooctyl sulfonamides
(PFOSAs),
(PFOSEs), perfluorooctyl sulfonamidoacetic acids
(PFOSAAs) 5°| Ith(Kim, 2008; Park et al., 2012).
PFCs= a4}t &, =& 94 9 3l8h4] HFgA,
FAE s 9 PRt AR BT 5o =51 A
2 wffizoll 1950ATh o] 5-of] Fpt AxH A} ARE(AA,
71, AE, Fol=H, 3P, a8 AE 1ea =4
& AF871 5) L AR = (e, a8 A% A
AARE AL, AR )0l SR IsHA ARSE F-aRt A
A7 Q7|slsHE2(Hekster et al., 2003; Paul et al.,
2008), WG Eroll TRt YR Kl o5 80|
PFCs9] 935 o golatal AAIstL Itk Busch et
al., 2010).

PFCs= H|A] 52 /g8 2= 2
L= g o] A=
H|(Schultz et al., 2006), o}= A==
A&7t iR A AEjskA] ¢dar skeAjeldor
UL of7]of|A F= A 8E= AEHE A7)0l
ofsf| AAE|R] gkt o5 AASH | It BFAQ1 A
710 Basiths 2 Qufgit) ofE SHES A%
7, BESA 1AL QI AEA ) thet 54 ol
of Eo- A8 Wby Q) O m(Houde et al., 2011), ©] 5
perfluorooctane sulfonate (PFOS)= 2009 A58 =
3]eJof|x] POPs (persistent organic pollutants) 2 5=
F|o](UNEP, 2009) PFOS ¥ ©]2] X752 4 7 3}
FHE0] YA} ARE-S FA]5}9 AL, perfluoro- octanoic
acid (PFOA)+= 01713] POPs 1|9 A3]oflA 42lZoll
?Jt}(Stockholm Convention, 2017).

ChJRE S = AREAL Q= PFCs 3h B

o] 27 |olg Aol vl AEara 2 agme] 2
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3 T AR 222l IRl st
ool el 4] Alsk g sieAlepgo R £
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iR Are WAshs AE YE Aesidle
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m'/d o]n &t A5l Ao ) SgAiEfge
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Table 1. Landfill sites and sample types surveyed for characteristics of perfluorinated compounds (PFCs) detected in landfill

leachates on Jeju Island (JSSGP, 2014)

Landfill Amounts of
. Location leachates Sample type collected Remarks
site 3
generated (m’/d)
H landfill in Jeiu Raw leachate is transferred to ] WWTP
HL Cit 2 379.4 Raw leachate (wastewater treatment plant) through a
v dedicated pipeline
W landfill in Jeju Raw leachate is transferred to W
L . Raw leach, . .
w City 63 aw leachate WWTP through a dedicated pipeline
EL E landﬁ.ll in Jeju 6.8 Raw leachate Raw leachatfe is transpor-ted toJ WWTP
City by a vehicle after being collected
Water treated from raw

S landfill in leachate bAy the methods of Trated water is trandferred to S WWTP
SL Seogwipo Ci >0 biological, chemical through a dedicated pipeline

cogwipo City flocculation, and soil and oug cdicated pipe

activated carbon filteration

P landfill in Treated water from

PL 2. T is self- landfill
Seogwipo City 0 leachate by GOS method reated water is self-sprayed to landfi

S slpAlEfdeR olfE o] Xe]Em, mi#E PLS Al
FzAle] P el |uglaho s Ul WAIES 2.0 mYd
© &2 A=E4E GOS (Groon Oxidation System) -5
02 efsto] Az miA o= A A A Ech

oI5 53 v S Al R= 20141 912015 2}
759, 890 9 109 5 % 63lo] 24 Aoi3ich. me
AL PRCsS] GUBAEAS uplsp] Splol
methanol (MeOH)Z} %42 Aj2sE Zojzzgd
(polypropylene, PP) 22 2] Al2H2 ARSI A
== 33 o AlmHS AR 5 Aol FI3F 5 of
o] 2Hl2of AP E| o] A AR RPN, SA] A
£ Ao Bl HAIR)E 2 5 Rl Aok 24
A7k 4T 2] el Bsieick

2.2, ZAHY B U MZ

ZAPYRAE B F WHOR AEET
PFOS 9! PFOA 9Jofl {£35 F3ll AleflA] AE=aL 2l
+ perfluorohexanoic acid (PFHxA), perfluorononanoic
acid (PFNA), perfluorodecanoic acid (PFDA),
perfluoroundecanoic acid (PFUnDA), perfluorododecanoic
acid (PFDoDA), perfluorobutane sulfonate (PFBS),
perfluorohexane sulfonate (PFHxS), perfluorodecane

sulfonate (PFDS) % 10Z¢] PFCsE AAslgom
(Paik et al., 2014; Kam et al., 2016), 0]& 1052] ¥+
B4} U #2599 PC-PFOA % PC,-PFOS2
HIE 50 mg/LOo 2 ZA|E]o] Tufjglal Qli= Wellington
Laboratories Co. (Canada)ojlA] F3taL, ARE- A -
4T olste] Wale] Bakslglom, AMgA| ol BEE
2 9 Yy #2528 MeOH (HPLC grade, J.T.
Baker, USA)S AR831o] ZF2- 17100 ng/mL 2 50
ng/mLOZ 3|AsI¢T) 18]al PFCs 2] BAJA] o) 5Ar
9] Q=g o g ALESH= ammonium acetate (Junsei,
Japan)i= SHAIRS ARSI SR Milli-Q
system-& S 32} S5 ARSI

2.3. Ng9| X2

Aj5=5t A& F PFCso] x| & FA2 KIEST
(Korea Institute of Environmental
Technology, 2008) & =Fj2] F&(Cho et al., 2009;
Kunacheva et al., 2011; Yang et al., 2011)& 2312
Sjo] saletaick. 4 Alsag Feb A Tl 00
Zo]7] gjolod HlEe Aol ARET 9 HASo
2 7R/l s rElAlES uiAlskadaL, PPAYE

of =78 AR
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Al&22] AR L 0|72 Hil(Paik et al., 2014;
Kam et al., 2016)9]] Z[H|3] 7]&E o] 9o, 4= 5 A]
2E] PRCso] 23, AR(PFCOS] §2) 8 5% 1
o] 0.2 il o] 2 Alwl bl the) ek A
T A s Egsto] A B el RolA = ofukt
A& 200 mLoj| 252 Cy-PFOS, C,-PFOA)
5 ngS A7F81L, ©15 MeOH 6 mL, 256 mLE &
2] 435t HLB cartridge (Waters OASIS® HLB 3
cc, 60 mg, USA)of| HLB cartridge adoptor= =3} <1
A}l A|EE Vacuum Manifiold (Supelco Visiprep
57044, USA)Z 125 1729 &2 ZR5H & 40%
MeOH 3 mL, %5 3 mL& 2] WefiEdE AlAs)
om YeE S5kl HLB cartridge o] 22 ¢
3] A|AsIHE. HLB cartridgeo] 3Z%]% PFCsE
100% MeOH 4 mL= 23] -82]5}0] 15 mL PP tubeo]|
O B 2T A 71499.999%) 2 o] gato] Az
A3, 6719 MeOH 1 mLE 7}510] Vortex Mixer
(Times Lab VM-10, Korea)= &35} 0.22 gm
nylon syringe filter= o1}3}oq 0|5 LCE- vialof 7|5}
of AR S

2.4, N|& & PFCsQ| 2M

A& 3 PFCse= A& A55%17](Acquity Sample
Manager, Waters, USA), UPLC (Acquity Binary Solvent
Manager, Waters, USA)2} AFFEA7|(ACQUITY TQ
Detector, Waters, USA)7} A% WatersA}2] LC-MS
/IMSE AR8515aL, o] 23514 (electrospray ionization)
& SolrEofA ZF SAY Alto](precursor ion)
Aleiste] A dol2(product ion)S A3AJAIZ] & B4
| 2-& AEisl= MRM (Multiple Reaction Monitoring)
RS ANl 2AsIg o, AR ARk Alme W
BR2572(C,-PFOS, “C4-PFOA)E 7151 o]
BJ&-S o8k Ui o 2 519itk LC Column
-2 Thermo ScientificA}2] UPLC Z-8Z22 21 BETASIL
C18 (100x2.1 mm, 5 ym)= AR50 ZHH2] 25=30T
7t HeE 5810, oAk 20 mM ammonium
acetate-2(A)7} MeOH (B)E AMESHo] 0.2 mL/min
o] £ w Sy 7e7] 8Y= 7 282 26
o, 7] ZARE 7174 24, EAF0A dofrl
PFCs®| A 2nfe g} 7F 22 Aol AdER

o r|

(]

(
L

. 7P/§—.HL

2 0]X9] B al(Paik et al., 2014)o] Z}A5] 7]s%=]o] §)
=8

2 A dd PFCs 2] 3#2-8-9H(1 ~ 100 ng/mL)of| of
3 UL g 2222 471510 LC/ESI-MS/MS 2 HAjs)
o] Hojzl 2l=2E YIS o]8351e] S 24
S A3}, BE PFCs] ARARNY)= 0.99 ool s
2 gk& B3, A= 500 mLefl PFCs #2895 3
7Fsto] 200 pg/mL7} H|E 3F & XS AX B
o] 55 33 Wi Z7gslo] 135t 3=8-2 PFBS
Bt 62.2%= ALl Yz PFCsoll thal Hat 87.7
~106.4%9] grog e =o A= yehjgich
PFBS9| r2: 5]=8-2 BhApo] 7hAE QIS HIFA®
7} 742:5}0] HLB cartridge @] A2 tA|oflA] {=4lof] 7]
et Aoz gkt AA4e] 9712] A7 PFCs2)
FEA g Ao R W] AXagS AA
3 PUAEIAMDL) 9 HHRALOQ) 217t
4~19pg/mL, 1.5~ 6.5 pg/mL o3t}

P

b

< A

w

Znt 9 nF

ol

op

3.1, ONEE & 9 X2leol bt 3 Sz

2 AollA] A 27 JE U %
2ol tisl 20149 22 A)719] 2227 |ufE 3=
AlRO] 9 URE @ H=AO] ASHISSGP. 2014)S 4
2J5}o] Table 20 YERASIEE pHE 5 4 2 A
250 sl 2z} 7.3 ~8.3(H4t 7.8), 7.2 ~9.1(HH
7.8)= Fd7hdE Ueiiglon, f71E 249 A%
& 0]§E= CODc> & = E A2jseo] thisf 2+
7} 1231 ~2564(8<+ 1772) mg/L, 9.2 ~451(B
102.5) mg/L, BOD:= 7}7}216 ~ 720(B 378) mg/L,
0.5 ~72.0(84F 14.1) mg/L O& &4 Y4t Bk
T2 A2l4of| vl CODe-> 17.34}], BODE= 26.84]
=0 r g FROS51L 91913, BOD/COD- HA|H 2.
2 0.03 ~0.58(F 0.18)2 A& 9= 9l Al
£ At B5REQ] PFCsE 23R o2 AE3H4]
S =2 Aefalr] ojefe e f1E= o] Al
S &4 Ui} 1R M= S A W Ao
o3 Zkz 908 ~ 1880(3Fw 1369)%, 3.6 ~ 288(Hat
66) == &= Yg= Aejeo] Hlsf of 214 &2 A

22 WY &4 otk HRBASH)S WS B

%,
b
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Table 2. Summary of water quality of landfill leachates surveyed in this study (JSSGP. 2014)
Water quality: range (mean)
Landfill site - COD¢, BOD BOD/ Chromaticity Ss
P (mg/L) (mg/L) CODc¢, (Degree) (mg/L)
HL 7.5~8.3 1429~2041 298 ~494 0.15~0.35 908~1108 22~63
(7.9) (1641) (374) (0.24) (1025) 41)
WL 7.3~7.8 1231~1633 216~720 0.13~0.58 1208 ~ 1604 26~310
(7.5) (1410) (408) (0.31) (1384) (127)
EL 7.7~8.3 2041~2564 247~525 0.10~0.24 1460~ 1880 36~46
8.0) (2266) (353) (0.16) (1699) 41)
SL 7.2~17.7 35~451 4.6~72.0 0.06~0.16 23~288 4.6~34.0
(7.4) (188) (27.4) (0.13) (123) (15.1)
PL 7.8~9.1 9.2~25.6 0.5~0.9 0.03~0.08 3.6~13.0 0.3~0.8
(8.2) (17.0) 0.7) (0.05) ©.1) 0.5)

S Z2lepo| sl 212} 22 ~ 310(7B+t 70) mg/L, 0.3 ~
34(F 7.8) mg/LE OFoul| =2 w2 5o 5Tl 9]

o,

3.2, DHEE 2Es U X2l B2 PFCse| & sk

2 ] 27| MEss A4E Alaet 332
27| H(HL, WL, EL)2} 228|7]of 3 3 A
255 At 2329 287|ujFHSL, PL) 5 5719
2d|7|afgd7dol] thal 2014 2 20159 21352t & 63]
Ag=st Alzo]| sl A7) 2.2.914 AA3E 10714] PFCs
o] disll 2418, 7L 5 2 vifEge] REsol o
) % PFCAs 5% SPFCAs) 2] HilsE, 5 PFASs %
S(XPFASs)9] Hits, YPFCAse| Halswe}l ¥
PFASs®] Hitswo] o Lpehll & PFCs 5%(X
PFCs) 9] Bts=5 Fig. 1of Yepliich

HE A& Fof 107H8] PFCs 3 5 3714 3
(PFUnDA, PFDoDA, PFDS)E A2t 7712 o
AEE At A& 905 A3 33HHL, WL, EL)9
ufgdke] SPFCsi= Zkz} 724 ~ 1119(8 - 878) ng/L,
1164 ~2571(F<+ 1945) ng/L, 2742 ~3313(F
2933) ng/LolqlaL, & AueE w43 234SL,
PL)2| ufj@Ake] YPFCse= Z1Z; 20 ~ 394(Ht 234)
ng/L, <LOQ ~ 88.3(*F+ 32.4) ng/LE &S 9429
ZPFCs 9| Btstet & A2lpe] vl oF 14v] 3=
2 FEE HEES g e Ages e
Aol ARt v ol A Afi=abA] ehatar mi o] &

T, Wi w71 54 9 s ARl 2k S
I Yot A5 vlashrlolls tha of AN 2 o
7] &g Al Yol visl v W w5 H
o, P& A2l Toll= GO gt
o] Aela= AEsH A7, oekey 9 e W
ShAJel o257 SL ufjgAke] Aej4=e] oF 0.14
v =5 HS o = ek ol XE5= 5 PFCs9
Aefgdoll weh thelRt AP adgs He A5 4= 2l
ok misd HEa Y5 gidl RO (Reverse Osmosis)
H, NF (nanofilteration) ], Z/Jet S2HH, WAO (Wet
Air Oxidation)'H, AJ=5F4 22|y 5 ookt 22574
< v] w3t Busch et al.(2010)9]] &3}, PFCs2] A2]&
£ RO > NFH > 2/det 32 9| =o]$lal, WAO
W 9 ARESEE] A2 e PFCsQ] Aejof vlag#olat
I RSkt &, 97]EE ofubr e ¢l ROR Y NFHY
<& PFCs 9] Ag]of] aaploln, A9 =717} o 2R
RO NFREC avpaoln|, @ g2 o] 2Hdet F2)
of| 71%15k= EVdet F2ME PFCs ] = W s
of] w2} 68 ~ 99%9] AP a-&S Hlrkar Haskal §l
o, OH 2ho|Z5 A7l 2&0 o3t WAOH T}
A AR A 5 o) ol st giv]
L 23] F7Isk=t ol= ols A= Slsiil=
PFCs9] H3l7| o]5 7| Li(Silva et al., 2004; Schultz et
al., 2006) AGE219] PFCsZ29] H3fjof] o5t Aoz
(Rhoads et al., 2008) H 11|37 Q)

w2
o
i)
ki
_)&
o
=
o
=
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Fig. 1. Mean concentrations of 2PFCAs, 2PFASs, and 2PFCs in raw (HL, WL, and EL) and treated (SL and PL) leachates

from different landfill sites surveyed in this study.

2PFCs= XPFCAs?} JPFASs= JLEs}o] v]us)
Y, HL-& 282} 303 ~ 61538+t 505) ng/L, 187 ~ 552
(B 373) ng/L, WL 77} 547 ~ 1783(B- 1188)
ng/L, 396 ~ 1060(8<+ 757) ng/L, EL-& 7}z 1221 ~
1927(+4 1623) ng/L, 1030 ~ 1638(F 1310) ng/L,
SL& 77} 14 ~ 318(H+ 183) ng/L, 6~ 84(B4F 51)
ng/L, PL-& 712} <LOQ ~ 52(F+t 20) ng/L, <LOQ ~
36.3(HF 124) ng/lLZ, HidsTa vlusle] X
PFCAs: YPFASsHT} A& P4 1.24 ~ 1,654,
e Agfa= 1.61 ~3.598) =2 55 He o
4= 919l o, o]t A= dlu}=(Bossi et al., 2008),
£<(Busch et al., 2010), Bl=H(Huset et al., 2011) 2
BEAdQl(Fuertes et al., 2017)0)|4] PFCs2] 2o} ¢
2|8} ik

= o] 33 viRe] }ES 94=9] ZPFCs [724
~3313(F+ 1919) ng/L] ¥ A 2]4=2] XPFCs[ ZLOQ
~394(B+t 133.2) ng/L]E 29 Wi & 94
2 Aelee} vlusioict 2 Ao MES del] X
PFCs9] 5=+ Yan et al.(2015)°] &Jgt =+ 571 =A]
o] wjHAF J& Y4=0] ZPFCs[7280 ~ 292,000(F++
82,100) ng/L], Eggen et al.(2010)0] &3+ :=2¢o] 2
2w & Y99 XPFCs[2191 ~ 6123(Ft

4157) ng/L], Gallen et al.(2017)0]] 2J3F 55=0] 2%
Q1 63 M ME Yo] ZPFCs | Habse 5254
ng/L, Huset et al.(2011)9]] &J3t v|=k 638 | ujjg&};
21Z2= 919=0] YPFCs[2253 ~ 6157(84F 3884) ng/L],
Allred et al.(2014)°]| &Jgkvj=t 635 2| w4 J=
Q12=0] SPFCs[614 ~ 25640(B3t 8352) ng/L], Busch
et al.(2010)f| &Jgt 63 i 2E4= H4=2] ZPFCs
[31 ~12922(84F 6086) ng/L]2} Hsr= 0.02 ~
0.494)] Yo s =T O} Fuertes et al.(2017)
of oJgt EATQIC] 43 2&4= Y4=2] ZPFCs[639 ~
1379(F++ 1082) ng/L Hrl=1.77H] 8 v s HY
t}h B o59] A= X249 YPFCs:= Yan et al.
(2015)°]) ot F= 57| Al wiHH ETE
MBR/RO*|2] 2% H}=24=0] SPFCs(98.4 ~ 190 ng/L)
@} gAY MBR/UF(ultrafitration) ¥5<=2] >PFCs
(2130 ~ 79,000 ng/L), Woldegiorgis et al.(2006)]] 2]
Th A9 43 i e A2leee] ZPFCs(H
2088 ng/L), Busch et al.(2010)°f &J5F 203 ufjs33}; 7
22 42 XPFCs[4 ~ 8059(H++ 1335) ng/L],
Fuertes et al.(2017)9] 9]t BAwH|219] 23 H&
1 &5=0] IPFCs[856 ~ 3162(FH+ 2009) ng/LET}=
Ae}4=0] YPFCs 9| Fw7} - W52 o 4= ASict
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Table 3. Individual concentration of PFCs in raw (HL, WL, and EL) and treated (SL and PL) leachates from different landfill

sites surveyed in this study

PFCs (ng/L) : range (mean)

Landfill site
PFHxA PFOA PFNA PFDA PFBS PFHxS PFOS
HL 105~226 165~352 14~38 7~31 131~508 10~30 24~48
(157) (305) 25) (18) (317) (19) 37)
WL 157 ~665 343~1032 30~67 8~31 354~1025 8~44 20~66
(333) (789) (44) 22) (697) 2) (38)
EL 176 ~283 899~1301 99~429 9~45 944 ~1578 9-~-27 26~59
(235) (1110) (246) (32) (1253) a7 (40)
SL 4~125 10~206 <LOQ~23 <LOQ~3.3 6~70 <LOQ~8 <LOQ~7
(70) (104) ®) ) (44) @) @)
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58) ng/L, PFNAS] #H<9 Z7t 14 ~429(FH4 105)
ng/L, <LOQ ~ 23(F+F 4) ng/L, PFDA 2] ¢ 712} 7
~ 45(H424) ng/L, <LOQ ~ 3.3(H+0.5) ng/L, PFBS
9] 74 Z¥2} 131 ~ 1578(3F+t 756) ng/L, <LOQ ~ 70
(B 27.5) ng/L, PFHxS2] 73 7}z 8~44(Bt 19)
ng/L, <LOQ ~ 8(%++2) ng/L, PFOS ] 4% 7220 ~
66(Ft 38) ng/L, <LOQ ~ 7(+F+ 2.2) ng/LO 2 A&
T ¥4 Folli= PFOA % PFBS7} 7MY =2 5= 4
o 4= QIS &S A 2jarollal= PFOA7L 7}
ELE HZE|9l1, thS-0 & PFHXA, PFBS7}
2 HE UM
A= Y9 Y Aejgol| A ZF PFCs o] Hale s &
PFCs 9| a0l theh Aei-a-2 Fig. 20f YeRHS]
t}. Z1RollA] HofR| = viel o], 2E4 H4x(HL, WL,
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7} 8 ~ 17.9(F8+t 14.3)%, 716t BFoka- 5% n|te] &
2 ARFE-aS UER AL 3E A2l49] %9 PFOA
7F37 ~ 44 A(FBt 40.7)% = 7P 2 AREES UE
Wglom, the-0 = PFHXA 7} 24.7 ~ 29.9(B 27.3)%,
PFBS7} 18.9 ~ 34(H+t 26.5)% % T+ S3HE-2 1|3
Aas HEEon LA SRE2 3% vRke]
o SRR g ASEQ

Wi AES Y5 B AElaeollA F PECs &
7k 3o ApA| ok ArkE-a-2 vl ege] EA(HH
& Q7N P s TR, LY T &
A g, JE0] Ay 3ol wet vkt 2aE
Hol= Aoz odejA Qlrh T=9 8 57 T=A| vl
JHe & 5 PFCs9) $=5 HER Yan et
al.(2015)°] oJabH, &4 Y=ellsli= PFOA, PFBS
4 pentafluoropropionic acid (PFPrA)7} & PFCs %
Pt ARReE 717 28.8%, 26.1%, 15.9%2 thyE
o|ler, A PFCs 5 2 &= 2 AME|o] & PFOS
2.1~ 15.8%2] HEJZ $Jo] 3714 3310 v]3)| ull$-
o AaR HE%%10L MBR/RO %= MBR/NF
2 At A2l Foli= PFOA 4 PFBS7} ot A
HE= 7171 36.8%, 40.8% = thEo|dckar H sl
Qltt. Eggen et al.(2010)2 ‘=2 ¢|o] 2329] 2| 7|qj=
7 A& U T PRCs | Aol|A] et Aga-g=
PFOS, PFHxA, PFOA, PFNA7} 22+ 34.3%, 19.7%,
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Fig. 2. Mass fraction of average individual PFCs to average >PFCs in raw (HL, WL, and EL) and treated (SL and PL)
leachates from different landfill sites surveyed in this study.

18.4%, 16.5%= tFE0]¢l o, PFBSE=<LOQ il
H 5k Gallen et al.(2017)2 $529] 2771 A+
& G 52 PFCs ] #4014 & PFCs 5 PFHXA
7F 7 =8 =r 2 AEE9lon, PFHxA, PFHxS,
PFOA, PFHpA, PFOS7} 4 Zekage 77k 37%,
24%, 18%, 11%, 8% % X 13}3ICk Busch et al.(2010)
2 %elo] 6320] Wat U4 W 2020 BB A
% PFCs 2] 40| x] Z}F PFCs 9] & PFCso|| tgh Aekst
S BAlO R HE Y5 Folks PFBA7F 27%= 7}
2} =0 v|8-8 2}x|51%.2 1, PFBS, PFHXA, PFOA”}
Z¥2} 24%, 15%, 12%, A& Aea Solls Al
PFBA 39%= 7} =2 v]-8-& 2}x]51%.2 0, PFHXA
19.9%, PFBS 18.7%, PFOA 12.3%% o|& 3slE0]
2 PFCs®] TR g AAJalirka 1 sigich 5 A
910] 4329 e ol ch] 224 2 43 L MBR/UF
2 Aejgt 230] W& Al Fo) PFCsS HAgh
Fuertes et al.(2017)0] &J5PH &4 Y o=
PFOA, PFHxA7} Z¥2} 42.6.%, 30.1%, X|2]4> Zoll=
PFHxA, PFBS, PFOA7} Z¥2} 26.5%, 18.7%, 17.7%
2 ZPFCs9] 58-S 2|6tk B usla Qi

2 doA ME T PFOATL S & 5= 4
ZSH =, o= PFCAsS] AlE AAtollA 23tat
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QIthEggen et al., 2010; Vestergren et al., 2015). ~12]
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ol olsff 11y H7|E=RE 5wz AEEL A
E3k4] m4of| o8] PFCs®E Agk=]w(Stock et al.,
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Table 4. Correlation between PFCs concentrations and general water quality parameters in raw leachates used in this study

Correlation coefficients (1%)

Correlation coefficients (1%)

PFCs (ng/L) oH CODe. logPFCs (ng/L) o CODe.
2PFCs 0.0651 0.0319 Log>PFCs 0.0184 0.0032
PFHxA 0.0418 0.0145 Log PFHxA 0.0055 0.0535
PFOA 0.0021 0.0142 Log PFOA 0.0043 0.0027

PFBS 0.1815 0.0450 Log PFBS 0.1079 0.0151
PFOS 0.1372 0.0712 Log PFOS 0.125 0.0909

S0/do] F7Islo] o F Ale]o] AH71A wileo] &
7F51o] PECs©] §540] 2715tz 20 2o pHo}
PFCso] 0} 014 Qhiz A Beloks 231
E31 QJciWang and Shih, 2011; Benskin et al.,
2012). Tt 24-40] 471298 HE §7187 Witsh
Al WHE = Z(Nam et al., 2008) & 59 TOC=
HRIollA] AR PRCse] A4S 271412 4
o] & 5] TOCR} PFCseb= -2/ 3= A
2 YERd 4= QI Gallen et al., 2015). 1)1 Gallen
et al.(2015)-2 PFCs ==9] =3k} pH/TOC Afolo]|
Fo1 Q= ARS WlehL alct

2 Aol Ta U4 5] £ PFCs W 2 03
Tl+= PFCs(PFHxA, PFOA, PFBS, PFOS)9] &= %
4= =4k Table 19] =235 5 pH % CODCré}
O] %4 Table 49] LFERAICE

Table 40]|4] Hoji= BIe} o] PFCs & F= & ©]
sighEol diggke pH Alole] AAGYE 2
0.0021 ~0.1815, 0.0043 ~0.125, CODc2}2] AAA
4= 7171 0.0142 ~ 0.0712, 0.0027 ~ 0.0909 2 Al4A]
o] AL 2 IS H Itk Yan et al. (2015)2 ZF
PFCs9| 5=} pH Afolofi= 1t o] A=
0.364 ~ 0.514), ZF PFCs 2] ‘s=2} TOC Afolojli= At
Ao| glgirkar B 118l o, Gallen et al.(2017)2 Z+
PFCs2] s512.9] vzt pH Ao]ofli= okat Al =
0.08 ~0.15), TOC Aoofi= tha & A =
0.16 ~ 0.36)2 HIHICE 3 Gl AT 2% e ol
o} tie 2ol KIS o 4 Yzt ol Bl
o3} BAke B18YA A, PECse] §712o]e] vk
B24 S(Higgins and Luthy, 2006)1} &&Ado) %5k
< A= ] 297 25, H7l=e] 24, A

(o]
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e o
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e, 584 Ae, SEgRE S8 ols g S(Edil,
2003; Mor et al., 2006) T}t ¢1x}o] ko] o3t A
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