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Concentrations and Distribution Characteristics of Per — and Polyfluoroalkyl
Substances in Rivers and Wastewater Treatment Plants of Jeju Island in
Summer

Sunmock Moon, Min—Kyu Park’
Department of Environmental Engineering, Jeju National University, Jeju 63243, Korea

Abstract

This study investigated the concentrations of fifteen per- and polyfluoroalkyl substances (PFAS) in rivers (perennial
streams) and wastewater treatment plants (WWTPs) of Jeju Island during the summer of 2024, analyzing their environmental
behavior and distribution. PFAS are highly stable in the environment and biota and are associated with potential toxic effects.
In the perennial streams, perfluorohexanoic acid (PFHxA) and perfluorooctanoic acid (PFOA) were detected as the
predominant compounds, with average concentrations of 0.77 ng/L and 0.33 ng/L, respectively. In WWTPs, PFOA,
perfluoroheptanoic acid (PFHpA), and PFHxA were the dominant substances, with average concentrations of 1.71 ng/L, 0.58
ng/L, and 0.81 ng/L, respectively. The detected PFAS concentrations were below domestic and international drinking water
standards, indicating relatively safe levels. However, the necessity of long-term environmental monitoring is emphasized to
ensure sustained environmental safety. This study provides baseline data for understanding PFAS behavior and underscores
the importance of continuous monitoring to mitigate potential risks.
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Fig. 1. Location of sampling stations (12 perennial streams and 8 public WWTPs) in Jeju Island.

712 BE3 (Persistent organic pollutants: POPs)Z
2145 3}gHE<] PFOA, PFOS, PFHxSE HI%5HY 7]
9] 7A€ PFASE thAIst7] flal Aol S7 st
9+ Chlorinated polyfluorinated ether sulfonic acid
(F-53B)¢t &2 =4 : xgste] Perfluoroalkyl
carboxylic acids (PFCAs) 9&[Perfluorohexanoic
acid (PFHxA), Perfluoroheptanoic acid (PFHpA),
PFOA, PENA, Perfluorodecanoic acid (PFDA),
Perfluoronudecanoic acid (PFUnDA), Perfluoroundecanoic
acid (PFDoDA), Perfluorotridecanoic acid (PFTrDA),
Perfluorotetradecanoic acid (PFTeDA)], Perfluoroalkane
sulfonic acids (PFSAs) 23&[PFHxS, PFOSI,
Intermediates 2°&[N-methyl perfluorooctane
sulfonamido acetic acid (N-MeFOSAA), N-ethyl
perfluorooctane sulfonamido acetic acid (N-EtFOSA),
Alternative 2°&[9-Chlorohexadecafluoro-3-oxanonane
-1-sulfonic acid (9CI-PF30NS), 11-Chloroeicosafluoro
-3-oxaundecane-1-sulfonic acid (11CI-PF30UdS)]
o2 F 1558 BAWEELR Aottt 22EE
9 R EFEZE-2 Wellington Laboratories*HCanada)
oA SHEAR ThEolH ek A9RS FYste
o, w|gh& 7t E-2 J.T. Baker AHNJ, USA)2] HPLC &
& Al9FE ARg-oH3ATt obH B4t R E(CH;COONH,)
42 Junsei AlJapan) EF Aok AMESFILH,

ARSI E(NH.OH, 28% NH; in HO) £82
Sigma-Aldrich AHUSA)S] 5= A|ekS AF-85HS Tt

2.3. M2} 7|7|124
231. %5
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71%(ES 10363.1a)2 HFF o2 Algstglon, A
g F FESERIE] §2 B2H F2E 4 Q=
EA4E& 1 dfoto] 22} 7]19] ARE-E v AT A4
H Zr Al 500 mLE PESEE(0.22 #m PES
Membrane filter)& ©|-&5te] A& A% & AHE-st
At o3t & 35S ERlshy] flo) AAE WEE
FE2 BE8N 5 ng (0.1 ng/pul ZA 8N 50 pl)S
Tt FE% 552 9ol Oasis WAX (6 cc,
150 mg, Waters, USA)ZIEZAE 0.1% F4Fstet
' 2 e 89 wgE, 5 47 4 mLE 24
SHAZ F A =E 10~15 mL/min?] F52 2 FiHA|
Aot A=E BF SAX] 7EER| 2= 25 mM oA
EMtRE G4 4 mLE AlE & 35S do] 3081t
Azsta WgekE 4 mLA 23] -82](Blution)st3ltt.
|8H Alae dAEEF7I(MG2200, Eyela, Japan)
£ o8ty 0.5 mLolstE F55ta, 0.2 pm A
Iy ojfstylnt. o]%, H7H W EEE4E 5 ng
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Water sam ples
(river water, influent water and effluent water from WWATP)
Sample 500mL
surrogate standard (MPFAC-24ES)
Filtration (0.22 pm PES filter)

SPE
(WAX Cartridge, 150m g, 6¢¢)

{conditioning) 0.1% NH,OH intelH 4ml — MeOH 4 mL
—\iater 4 mL

Loading) Sample 500mL

(
(Wash) 25 mM Ammonium Acetate in H,O 4mL

(Dry) Wacuum dry, 30min
[Elution) NH,OH in MeOH B mL
(concentration) M,

Make-up with MelH
(Filtration) 0.2 pm Syringe filter

Internal standard (MPFAC-C-IS)
Final Vol: 1mL

LC-MSIMS

Fig. 2. Pretreatment method for PFAS in water.

232 24

EA o) AR A= Waters (USA)ALS] BA| 22
ntE T 0] -l g A =24 7] (Liquid Chromatograph
-Tandem Mass Spectrometer: LC-MS/MS)E A&
o™, ACQUITY UPLC Binary Solvent Manager
oF AdZFH Xevo TQ-S triple quadrupole mass
spectrometergs AZ7|2 ARgSIYtt. EAEAHS
2.1 x 50 mm (1.7 uL) ACQUITY UPLC BEH C18
2 AHESHAL, o5 2 mM €EE oMAH0E
(&H A&t metE (8 B)= AEstH. Gradient
L 27] 95% ALt 5% BE A|&Fsto] Al7tof what
Hl&2 Halstilot, AAHEFol23HElectrospray
ionization, ESDHHOE A 8E o]3} o1l 7
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/4ol 2(Quantification/Qualification  ion,
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(Method detection limit: MDL)?} A% SHA(Limit
of quantitation: LOQ)E ZXstx, A9 vrEd&
AZot7] ol SAI=E 78] 9HE 245t MDL
EEHA 99% AFTE 7HA+&= Student's thk
(3.14)= st AHEskltt. MDL 2 0.075 ng/L
(PFOA)°lIAl 0.317 ng/L (11CI-PF30UdS) He=
Uepgow At ZEHEAE 10% olotz Aol 4
F& Bt E3h A B 3482 89.4%
2 70~110% 9] Woll Zg=|o] et oz ¢Fost
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3.1. PFAS?| 5= &

2 AollAls AFE A 3 B sk A 2ol A
PFAS 15%°] ss #4stglen, 1 23 9F
(9CI-PF30NS, PFDA, N-MeFOSAA, N-EtFOSAA,

PFUnDA, 11CIl-PF30UdS, PFDoDA, PFTrDA,
PFTeDA)2 ZE A4 EHZENot detected:

ND)Z &<l=|Q)ct, ¥ PFHxA, PFHpA, PFHxS,
PFOA, PFNA, PFOSE €+ A=A HEE 0w,
o] % PFHxA%} PFOA7} AtEo= =2 558
Btk PFAS 15% % AE% PFHxAE ND~7.82
ng/L, PFHpAE ND~4.83 ng/L, PFHxSE
ND~1.01 ng/L, PFOAE ND~10.04 ng/L, PFNAE
ND~2.08 ng/L, PFOSE ND~1.40 ng/LZ el
t}. &% 652 PFAS % PFHxA®} PFOAZ} 94
2; 21990l A 5 PFAS 2 EA= 2483 754 0]
=35 ARt £3], PFHXAE 6Eoll A4 H&EF
o 79 + 17%, 8€°ll 51 + 34%E #A|stoH,
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4 4 = PFHXA
(A) June (B) August [ |
= PFHpA
3 3 |
[ | = PFHXS

2 21g I | = PFOA

| I B I = PFNA
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b o I [ | [ | = N-MeFOSAA
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Fig. 3. Concentrations and fraction of PFAS at sampling stations (12 perennial streams) in (A) June and (B) August.
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5 - E mslifla m  m| =PFOS
4 O 4
SELELELE s E A eS¢ & @ ¢ «\é 5O E &A@ & @ § ¢ "ICPRIONS
OQ,/OQ,/ 7 55/‘,.ﬂe/éz,/0}/05/%0/%0/ N @/ @%&/%@/‘b@/ 0@ S (_oc_,/ 2PFDA
100% - 100%
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Fig. 4. Concentrations and fraction of PFAS in the influent and effluent from wastewater treatment plants
in (A) June and (B) August.

PFOAE 62l 18 + 17%, 8¥°ll 35 + 32%= A4 1.56 ng/L, PFHpA ND~2.09 ng/L, PFHxS ND~
o] JH o2 =2 HE HES EHAHFig. 3). 0.62 ng/L, PFOA 0.72~3.30 ng/L, PFNA ND~
SHA B 4ol A 9] PRAS 5= Al7|E=2 A 0.25 ng/L, PFOS ND~1.40 ng/L& WEFGtHFig. 4).

=
=

FEI 5 5o ZolE Bt 6¥€9] HE, 89oll= PFHxA®} PFHxS7F &% 4] 949k, PFAS 4

PFAS 6&(PFHxA, PFHpA, PFHxS, PFOA, PENA,  &(PFHpA, PFOA, PFNA, PFOS)2 647} G4t &=
PFOS)°| HAEH e, 5% #<9= PFHxA ND~ T 02 RN FRFQAE FY4ot FAF
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Table 1. PFAS levels in Korean rivers: Comparison between previous studies and this study (ng/L)

Site n PFHxA PFHpA PFHxS PFOA PFNA PFOS Reference
Geum River 2 5.43~5.91 4.01~4.94 4.51~4.83 28.4~39.7 1.08~4.38 18.3~48.4 Naile et al.,
(5.67) (4.48) (4.67) (34.05) (2.73) (33.35) (2010
Nakdong River 3 0.51~7.94 0.71~3.43 0.89~1.71 3.56~8.34 0.83~4.49 6.27~8.46
& (3.82) (1.85) (0.21) (6.50) 232 (7.36)
Nam Ri 3 0.86~1.31 0.45~0.91 0.23~0.37 3.40~4.65 0.53~0.69 0.87~1.06 Lam et al.,
am e (1.03) 0.68) 0.32) (3.84) 0.62) (0.98) (2014)
Bukhan River 3 0.11~0.31 0.12~0.27 ND~0.72 0.56~1.41 0.29~0.52 0.83~1.84
(0.18) 0.19 039 0.949 0.38) (1.27)
. 1.3~26.5 2.8~8.0 0.8~4.3 1~2 Lee et al.,
Namhan River 7714 53) 6.29 DL 2.9%) (MDL (1.59) (2024)
o 0.31~0.32 0.72~1.60 0.14~0.25 Yeo et al.,
Seomjin River 6 ND (MDL 032) (1.04) (MDL ©.17) 2012)
. 9~37 38~67 Shin et al.,
Han River 14 ND ND ND 17.07) ND (54.67) (2009)
Jeju 0.29~1.22 ND~0.52
G ' 069) b D 0.19) b b ,
This study
Jeju 12 ND~2.08 ND~0.21 ND~0.99 ND~1.46 ND~0.38 ND~0.42
(August) (0.89) (0.03) (0.08) 0.51) 0.03) 0.04)

650l AEFNeH, v mHL PFHxA ND~4.40
ng/L, PFHpA ND~2.92 ng/L, PFHxS ND~1.01
ng/L, PFOA 1.02~5.64 ng/L, PFNA ND~0.43
ng/L, PFOS ND~0.50 ng/L= YEeldtt 89 Wi

o] A= PFHxSSF PFOS7F AEEA] ¢8okal, f-4=oll
A AEEA] ¢keke PFHxAZF 571 A1&(SB, DJ, SD,
NW, SS) ol AE% ATHPFHXA ND~7.82
ng/L, PFHpA ND~4.83 ng/L, PFOA ND~10.04
ng/L, PENA ND~2.08 ng/L). gtdog w749
PFAS T FdTETt =AU, fA5odAEe A&
2] GkSkd =2do]l EA AZEEE TS Beh o=
S A17] FSlroll A E4o] iAo s “]'O]
Aok, steAe 378 W Aret 2 =84 whS-

Foll MRENE 7S AlARITH(lenka et al
2021). APAo]| w=H 62 F uorotelomer sulfonic
acid (FTS)et 22 d=n| 7|4t M3Al= 2714 24
ol 4] PFHxA & @414 PFCAsZE &35t 2gd 4=
Ql2o] R EtHZhang et al., 2016; Hamid et al.,
2020). E3H Adol ot gt A8 fE50l
gEfdo] wef PFASY] f4 A=t kel Hatst
™, ol A7 Bk 2o = o]od 4= Qirt,

3.2, Matietol bla
3.2.1. 2L SIHOIMO| PFAS & 42
S| 5 7)o a0 4 0] AT ATl nhe

27 9= U7t 9ebg Bl 5 29 skl A

PFAS =& &5 ©a} 1 ng/L olstollAl 44 ng/L

of o]2= thefet H9lE Ueifiglor, d5 2o A4
£ 30~40 ng/L 9] 1= A R = &
7ol A= PFOAZY 2 39 7 ng/L, PFOS7} Zf 48.4
ng/L7H HAEHL, Gt s+= PFHxA7F )
26.5 ng/L2 SRA= U HTable 1).

g, 2 Aol A ZARRE Al 2|4 513 2] PRAS &
L= PFHL2 1 ng/L olsto] A B2 NDE 1
Bt 64, 8¥ AT A= 4 A3} PFHxASY] B
¥ 5=+ 0.89 ng/L, PFOA+ 0.51 ng/L, PFOS+
0.04 ng/L =502 el o ol =) A+
oA HiH thE 2| obd W BogtET ¥ 55
olt}. B3], A% FE(PFHpA, PFHxS, PFNA,
PFOS)2 6¥ AlZollA ND2 Yty of2 29 514
T} S Zpol & KAt olHgt Ay Al A9 o}
Ao 72 ESH B4 . QY 220t 5 A9t
golghs HojFet
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Table 2. PFAS levels in wastewater treatment plants: Comparison between previous studies and this study (ng/L)
Site n PFHxA PFHpA PFHxS PFOA PFNA PFOS Reference
71~203 28~135
- Influent 8 ND ND ND (112.50) ND 97.13) Shin et al.
57~580 25~264 (2009)
Effluent 8 ND ND ND 215.00) ND 51
19.87~24.36 20.64~38.15 15.76~36.79 17.22~26.29
o Influent 2 ND ND (22.12) (29.40) (26.28) (21.76) Park et al.
Efluent 2 b . 8.22~9.47 10.23~11.15 533~7.34  8.68~9.2 (2012)
uen (8.85) (10.69) 6.39) (8.94)
2.77~10.97 1.91~8.63 2.12~16.94 1.76~3.14
Jeiu Influent 8 (5.32) ND 4.36) 5.61) ND 2.21)
(May 2015) 2.73~6.79 2.66~6.75  1.75~6.95 1.65~2.99
Effluent 8 (4.20) ND 4.71) (3.82) ND (2.30)
1.71~8.43 1.27~6.32  2.42~22.78 1.84~4.57
Jeu et 8T 6o) ND (.11) (5.96) ND (330 Kametal.
(August 2015) 2.01~8.87 ND~3.86 2.07~16.63 1.44~436  (2016)
Effluent 8 ™3 o) ND 0.48) 4.85) D 2.68)
2.54~6.11 2.51~8.74 3.03~16.08 1.54~4.47
Jou et B s ) NP (5.63) (5.48) NP 2.40
(October 2015) 1.98~3.89 22~3.05  2.33~8.94 1.36~2.36
Effluent 80 o)) ND 2.63) (4.18) ND (1.73)
Influent 1 4 2.6 ND 12 2.2 2.7
(MKO.re.a | _Fffluent 1 2.6 ND 0.9 6.3 0.8 12 Guo et al..
e 2.9 ND 10 33 (LOQ 3.2 (2010)
Effluent 1 2.5 ND 1.9 3.9 {LoQ 1.8
nfuent g ND~156  ND~209  ND~0.62  0.72~330 ND~0.25  ND~1.40
Jeiu fiten ©0.19) 0.66) (0.08) (1.29) 0.07) 0.22)
(June) ffluent g ND~440  ND~292  ND~LOI  1.02~564  ND~0.43  ND~0.50
Hen (0.89) 0.48) 0.13) (1.92) ©0.07) (0.06)
ND~1.90 ND~3.06  ND~0.27  ND~1.11 This study
jou | went & ND (0.60) ND (1.18) 0.03) 0.14)
(August) ND~7.82  ND~4.83 ND~10.04  ND~2.08
Efflent 8 75 13) 0.60) ND (2.45) 0.26) ND

3.2.2. I st22|d LY PFAS S& &

= A2 Wl PFAS 5t A9E ZolE 2
AL, o FEOIA & ng/LollA 4 ng/L7HA B=
Fo] R EQtH(Table 2). A29] sk W
g4 PFOAE Zd 580 ng/L(B+ 215 ng/l),
PFOSE #t 264 ng/L(Bw 145.17 ng/L)= VreRS:
on 23 219 {94l A= PFHxS ¥ PFOS7t 242}
Ot 22.12 ng/L, 21.76 ng/LE AEHUH. AT

ol A& 20159 A7ollA= PFHxA, PFHxS, PFOA7}
3~5 ng/L o1& AEH ARRI7E A 2= 2 A
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Hom e pFom Uepgon, fiZo §52 3
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PFASO] A A AE A& arefet 714 0lal #1454
Y o] B4 gle HojEn
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