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The goal of this study was to evaluate human exposure to per- and polyfluoroalkyl substances (PFASs) in
the air near the Hyeongsan River in Pohang, and to quantify associated health risks. The daily intake of PFOS
was the highest, and those of PFBS, PFHxA, PFUnDA, and PFOA were also high. Humans were exposed more
to ionic PFASs than to neutral PFASs. The exposure level of PFASs increased from upstream to downstream;
this trend suggests that emission sources exist downstream. For the gaseous phase, the exposure level was high-
est to PFBS, which have the shortest carbon-chain length, whereas for the particulate phase, exposure was
highest to PFOS. The exposure and distribution of PFAS congeners differed among sites and phases, which
means that humans are exposed differently depending on the PFASs emitted from the emission source at each
site, and on the physicochemical properties of PFASs. Inhalation exposure to PFASs was below the PFAS
intake safety threshold, and the toxicity was also lower than the level allowed by WHO. However, health risks
from long-term exposure to PFASs are of concern, and combining exposure by various routes may have a sig-
nificant health effect. Therefore, continuous monitoring and risk assessment are required.
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.M 2 k& Fol| we} perfluorooctanesulfonyl fluoride (PFOSF)

9} perfluorooctane sulfonate (PFOSY’} 2009 2555

Perfluoroalkyl Substances (PFASsy> &3 71§ 2 & 71lA9] Annex B2 $553.0H,) F33} nl=ollx=

AL 7H T4 st e, FEE, olxzo] Al PFASS thdh A7 @AIF o2 AldlEa QletST) 1

F, 438 871, W A 502 d] ARSEAL 91 o PFASsS] Aak ARgel tigh 18- ofrlotellA] A

CED A2kl Aol o8] 33 o= viEE PFASsE  tlFoR oRsiH, 53] tikst 37 miale} Aol 7

A E 2o, e, 71 el R AksE S B A EEAL USol®E Bkl dellA] PFASsel| thek =7t
TA oA ionic PFASsZ #3l5H, 37 Foll ePgdslAl 742 Sl (https:/www.greenpeace.org/).

ZERE AR H 018 AE A 40 PFASs= ¥&7d0] EaL 4-8/3°] Y2 neutral PFASs
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Fig. 1. Location of sampling sites.
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Table 1. Method detection limits (MDL, pg/m?) for air and estimated daily PFAS intake (pg/kg-d) of residents during outdoor

activities near the Hyeongsan River

Chemical MDL Sitel Site2 Site3 Site4 Site5 Site6 Site7 Site8 Site9 Mean

PFBS 057 781 232 785 448 397 429 481 149 269 129

PFHxXA 030 459 627 680 824 119 114 189 152 213 116

PFHpA 041 057 052 097 218 150 251 18 201 357 174

PFHxS 091 112 072 000 08 000 253 197 167 514 155

PFOA 013 193 351 713 976 108 912 217 131 221 110

~ PFNA 027 340 159 478 676 461 362 871 711 950 556
;;’/T;S PFOS 035 421 508 642 317 224 331 374 391 521 205
PFDA 014 275 261 773 103 140 651 187 156 126  10.
PFURDA 014 365 276 505 843 844 836 173 317 338 133

PFDS 032 405 043 559 038 000 447 122 015 022 183

PFDoDA 042 004 402 063 220 049 146 317 000 128 275

PFTIDA 022 008 089 161 472 446 369 108 101 965 5.0

PFTeDA 033 063 000 532 085 097 409 246 681 223 483

FHEA 052 111 000 003 023 049 025 020 048 033 035

FOEA 020 000 015 002 024 088 000 017 037 093 031

FDEA 003 000 087 206 011 000 046 094 28 000 08l

T:;L:rsasl N-MeFOSAA 078 000 016 000 014 032 042 009 08 041 026
N-EFFOSAA 091 016 044 053 043 039 015 021 096 108 048

FOUEA 081 001 LIl 233 509 557 887 853 332 112 511

FOET 050 000 000 000 000 000 000 000 000 000 000

Total PFASs - 361 334 648 971 913 143 159 166 199 110

Osaka, Japan)?} 7719 Z2]9-#&t & (PUFs; Code 45Uk é% (= —“ixﬂﬂ "4171 A EE BAsle] W

080130-0941A; Sibata, Tokyo, Japan)o] AFE-E|$loH,
AT S Sl3ked A A4 E (QFF; Cat no. 4042
-3703; ADVANTEC, Japan)”} AF&-=1t}h.!” lonic PFASs
of et -3 E8-2 perfluorocarboxylic acid (PFCA)
9} perfluoroalkane sulfonates (PFSA) mixtures”} A8
9, S4& WH-EFEELE sodium perfluoro-1-[13Cy)
octanesulfonate (MgPFOS)3} Perfluoro-n-[*Cg] octanoic
acid (MgPFOAY] AHE-=IItE, Neutral PFASs] theh 3
FE4LS perfluoro octane sulfonamidoacetic acids
(FOSAAs), telomer acids (FTAs), unsaturated telomer
acids (FTUAsy’} AME-=9loH, 348 R EEEES
N-deuteriomethylperfluoro-1-octanesulfonamidoacetic
acid (d;-N-MeFOSAA)°] AM8-F| T,

THE 7] Al vEEE 18240 7FesE &5l
Z£59le™, Oasis HLB solid phase extraction (SPE)
cartridges (Waters Corp., Milford, MA USA)Z A=
ACE') s 715 o83 0.5 mLe] FYE F5E A
S+ API 2000 triple quadrupole mass spectrometer
(Applied Biosystems/MDS Sciex, Foster City, CA)=

o] vt 83* 094 *PE(XW 1, 2) (XVq 3,4,5),
SFEIA 6, 7, 8, 9ll= 22 B3R, FAGAI7E UF
3] U= A, ARFERATE 2 Eo] glor, B3] Sl
= AlA Hdl 27 ARl 225171 1R1E] At w

2 B AT 574X, FAUX], ARIux 2R
PFASs HIEZ 913} 38 w23} A7} 93k Hrsigdet).

oJsiAd Ty} b
—Eh —_rLoﬂ 1—‘;— 27 9 QAAA 7P s-Alsl AE
= 13%9] ionic PFASs9} 79| neutral PFASs7} &
AERom LD 22l HAEHS
Atk AL A FHIEC| of9] €FA 5858 F
PFASs®] 1] =23} A7) 9314 F7E ¢35}
29] o] ArollX Z4E th7] T PFASs®] FES
ARESIATE!? o)A AU PFASs 413 % (estimated daily
intake, EDI, pg/kg-d)y o] Aol AREE WS
AHgRem D t7] F9] PFASyF E52 53l 100% A
e eZdoal 7Rk =3 Aee 3=l
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A M=o Ak
EDI = %/ ()

C (concentration, ng/m*y= t7] % PFASse] &%=, V
(14.61 m¥/dye- a= AJ2l9) 3193w 53l 3719 #
3], BW (body weight, 64.5 kgy= 3V A91¢] et B3
Ao},

CxIR xET xEF xED

LADD = BW xAT @

LADD (life-time average daily dose, ng/kg-day)= ©F
QoA Ht =EZ3F B 7k o3 e 4Y
B =228 Jepdth Y R (14.61 mP/d)ye 3= Aol
o] A HF FF-golH, ET (1.26 hrs/dy= 3 A4<1¢]
B Wt oke] G A7), EF (247 diyry= 3= A4
o] YFY F 64> %EFL 2 oRlehE-S Firtal 7H8
AZF Hat oke]E W=, ED (40 yrs)e Het oflEs

717}, AT (82.7 yrs)y= aﬂ%fﬂ«l Bt 785 onlgith

HQ = ——= G)

TE-EZ QIS vIRI=AE HQO (hazard quotient)®]
=19 RD (ngkgdy= PFASsO] T3 & reference
doseZ & Aolx= th7] F F23 PFASs?] PFOA
(20 ng/kg-d), PFOS (20 ng/kg-d), PFBS (300 ng/kg-d)
o] thste] AXFEATH (https://www.epa.gov/).

3.1. &2l PFASs S8 &

W2 (DE o83l 23 i) I AFHIEe] ¢
o PFASs 35 =] ALY om o]= Table 19
YeRAT) Tonic PFASs2] 23| neutral PFASse] =
EFET =%, =E3HES 27 93%%t 7%t
Neutral PFASs¢] £5)|5]o] IHRI=1= ionic PFASs= 2©)
290] He S 7K]7] wlizel] o] W 8t =
om 7] FoM EAlshes o] FHeksh aox &
T8kl th71FelA ionic PFASse] =71 HEE A&
neutral PFASse| £31E el 2 viEE Ay 873 FollA
Eajjzlo] oFgdE AFEHQl jonic PFASse] FHEIZ 1A =
ZHS ongit}. PFASs &3 ARl sRE 25
& Z7lelen, skrolre] 35 =& ARl vis)

oF 5.5u) =it} SHRE gl Hlf‘SH &l =¢%en
o= Zioll YIX|g PFASs HlEle] 991 =
31 MlEYolA 7] S22 njEF PFASse| F7 Al
7(—]9_1?’,__ :@]—M—E]o} J3ES U];d—o— TFEAE 011:], ole &
3l a7 A5ol PFASse] wiEleo] =AishH, sl A%

o] AFRIEC] 358 Fall U B2 49 PFASel ==
2 7 AdFo] IRl

Ax EHE oﬂ PFOS (mean: 20.5 pg/m’)7} 7174
F2 T FEE A =2HeH, A =2 T
19%5 2A|sIATE 3 PFBS (12%), PFHXA (11%),
PFUNDA (11%), PFOA (10%)7} 2 QAo &%=
Zo 2 VT 53] shiol ARIeA] 12 A T

o|Xf PFOS®] QIAI=Z0] HA| :=Zwo] o 23%E 24|
1 =] VRO, ARRelAE oF 12%2 xA5SIT). o]
= AR 9 =429 PFOSe] HiEo] S-S Al

]

kgt PFOSE Aol Adia o 73g &E7]9] 2
8718 7 } 17] 2ol 22 Zole] ga Aksd 7125
2719] 28715 71X PFOARTH AEF340] ¢ =2
o, QA el o QHEAl H4E 4 ok mEsk o

7] Folle T2 e Wk AReE 7 PFBSS} PFHxA
| @o] Fxste] 352 B8l A =2 F IS
, o] o5 EZEo| thE PFASs Hls) o=
e Koadhe 7L 3dAde] &7 wjitd &= Qi
PFOA% PFOSS} fARHAl S/ shrollr =74 =&
e Ao Yelkor, Wi PFUnDAE 3HFollRt =
o) 2 Zlo=Z Yepdt) ol PFOA7E FA A9} 4F
AR o)A HjEE = WHH PFUNDAE F= Aol

A EjEEe] 912 FUEA =32 T deS ovE

N

_‘EL

E} o]d AN E F& PFOS, PFOA, PFHxA7} &5
& 5o Al =EEE ZoE AL S5t
PFUNDA:= o2 A+ A3} tfE2A £ Aol =&

o] Egkon ol a1F2] ARIEAIoIA PFUnDAC] t

o] AL Alreit).

S B3l PFASsY] QA =E e &
éﬁ%"]’Z%@(EFSA) (http://www.efsa.europa.ew/lIA1 A
A&R= PFAS 43 oFd AAIXS] 4.4 ng/kgweek (2

629 pg/kg-d)Lth SO m, 21352 R A (https:/www.

mfds.gokr/PlIA B3LSR= PFOA (2.94 ng/kg-d)t PFOS

(6 ng/kg-dpll Thek ‘ﬂiﬂ L N i s L= ) =
HL} PFASsE S8t ol AlojdE, wiy&Es) 7+
< O JEES %6}1 A =Z=]7] W2 53
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(b) Particulate phase
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Fig. 2. Daily inhalation exposure to gaseous and particulate
3.2. 7tA43} XA PFASs 88§ &
TES S0 QA =EEHe 7R ARV PFASs
o] =27 Fig. 200 YeRTh 737 JAPEE B3l
Al =ZT= PFASsS] 54 Sl Esith. 712
olx= 'R AREQ] Zol7} 7 &> PFBS (16%)7F 7}
 Bel =EHeH, 71ERA7] A8TE THe
PFHXA (10%), PFOA (12%), PFDA (13%), PFUnDA
(11%y} F2 =Z590t) o] PFBS7F % K9 =
< WS 7H7] wiiEeol™, PFCAs7t PFSAsel| Bl
ArHoz vre SeRe B Bl Al (Koo)E 7HA
WAPIETRE 7i2dell EAlE] wiied & Aok wet
SHFE Z4E 7k PRBSe theh eE o] EokAH,
o= kel AIX|gH ARIEAelM PFBS7L 2 o8 W
o] MiE=7] Wit 4 Ach. YAV PFASs= 71~ g3}
22| PFOS (43%)7} 7P 8ol =251, o= iz e
2 5 Koo &2 7HIE PROS7} el 7deiAl A%
sto] QA =EE & U Akt 53 PFHXA

Sampling site mPFBS

PFASs (pg/kg-day).
(17%)= 7R3 opE} APdo 2 Q1o =A] =
=8 e JoE e

713k QAP PRASsE FRllM stz 295 =

wxlel A7) 98] Qon, AdskE = st

PFASs7} t7] o2 thig wiEsle] 255 Sl A

3.3. ¢lsiA ™ot

35S 53 vIdEAS F23F PFASse! PFBS,
PFOA, PFOSel thal] AlAtE Rl om | Azgke Table 201
YA JAFE Q2 AFHIES] ofeldA FYshe
PFASsoll 2J8] TAEE Ha vjaet =4 9gke
PFOA, PFOS, PFBS7} ZFZ} 0.0095, 0.018, 0.0074]3}
om, PFOSe| 54 @@el 7ME & AR velsdth

Table 2. Life-time average daily (LADD, ng/kg-day) and hazard quotient (HQ) for inhalation exposure to PFOA, PFOS, and

PFBS
PFOA PFOS PFBS
LADD HQ LADD HQ LADD HQ

Site 1 0.033 0.0017 0.072 0.0036 0.13 0.00045
Site 2 0.060 0.0030 0.087 0.0044 0.040 0.00013
Site 3 0.12 0.0061 0.11 0.0055 0.14 0.00045
Site 4 0.17 0.0084 0.55 0.027 0.077 0.00026
Site 5 0.19 0.0093 0.39 0.019 0.068 0.00023
Site 6 0.16 0.0078 0.57 0.028 0.74 0.0025
Site 7 0.37 0.019 0.64 0.032 0.083 0.00028
Site 8 0.23 0.011 0.67 0.034 0.26 0.00085
Site 9 0.38 0.019 0.089 0.0045 0.46 0.0015
Mean 0.19 0.0095 0.35 0.018 0.22 0.00074
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	The goal of this study was to evaluate human exposure to per- and polyfluoroalkyl substances (PFASs) in the air near the Hyeongsan River in Pohang, and to quantify associated health risks. The daily intake of PFOS was the highest, and those of PFBS, ...
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