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n it Using COSMOtherm to predict Recently, there has been concern about the presence of poly- and perfluorinated alkyl substances (PFASs) in the 2011 |Wang, Z., Environmental - PFNA 130%)% (C4- |AMAFESE. | COSMOtherm - B - ELCEREREFOREOERE PFASICE VT, BEDBIICHVER-KHRRES &L UH 2 &/ —IL-KkSRFED
physicochemical properties of poly- |environment, biota and humans. However, lack of physicochemical data has limited the application of environmental fate MacLeod, M., Chemistry, 8, C8/8—7LF |ZR-7KHEMR model (v.C2.1 HINT B LRI N,

and perfluorinated alkyl substances |models to understand the environmental distribution and ultimate fate of PFASs. We employ the COSMOtherm model to Cousins, I. T,, 389-398. [(220I%: 0 7 - G release 01.10, -FAUHEETEEENELRZPFASTIL, KEREGETHT 2 BHENMMLEDEODRESICRFET L LHRE
(PFASs). estimate physicochemical properties for 130 individual PFASs, namely perfluoroalkyl acids (including branched isomers for Scheringer, M. & DHEREE |/ —L-kHE |COSMOlogic Nt

C(4)-C(8) perfluorocarboxylic acids), their precursors and some important intermediates. The estimated physicochemical Hungerbiihler, K. EE0) 5. 424 |GmbH & Co.
properties are interpreted using structure-property relationships and rationalised with insight into molecular interactions. J =55 KG) ZfEM

Within a homologous series of linear PFASs with the same functional group, both air-water and octanol-water partition BfRE. *+7 |(EPISuiteds &
coefficient increase with increasing perfluorinated chain length, likely due to increasing molecular volume. For PFASs with %/ —IVEE | U SPARCE
the same perfluorinated chain length but different functional groups, the ability of the functional group to form hydrogen . OKARE | T2 0k
bonds strongly influences the i ' partitioning behaviour. The partitioning behaviour of all theoretically possible DF=HERM)

branched isomers can vary considerably; however, the predominant isopropyl and monomethyl branched isomers in
technical mixtures have similar properties as their linear counterparts (differences below 0.5 log units). Our property
estimates provide a basis for further environmental modelling, but with some caveats and limitations.

8 it Gas-phase NMR studies of the The thermolysis of perfluorooctanoic acid (CF3(CF2)6COOH) has been studied kinetically by high-temperature gas-ph: 2005 Krusic PJ, J Fluor Chem - (&%) - - - - - - PFOADESNRICOWT, RITABF U VLHFZABLORET » 7R TOMmBRANMRIC & Y ANFER, PFOAICEIY 2 BBk D & THEE OFHE
thermolysis of perfluoroooctanoic |NMR in both sodium borosilicate glass and quartz ampoules. In both cases, 1-H-perfluoroheptane is the major product, but Marchione AA,  |126:1510-1516. PFOA % £ % 1-H-perfluoroheptane A 4 4 B Th 1 AR D AR KIBICED > 72, SHRYEICD LT DR L

acid. J Fluor Chem 126:1510-1516. |the decomposition is considerably slower in quartz. The ition in ili les at 307 ° Cis greatly Roe DC. 30T CTORITABF MY TLT Y TLDONERIE, MRESNER 75 ABA 7 A0FEICE Y KIBICNERS N,
accelerated by the presence of crushed borosilicate glass and the reaction appears to be completely heterogeneous. Perfluoro-1-heptene AR AEM & h. KIS DO ToF-SIMSHHTIC & Y NaF HBER & Lty

Perfluoro-1-heptene is produced as a minor product and time-of-flight secondary ion mass spectrometry (ToF-SIMS) + 355-385 8°CTRIET ¥ FINh DR & T~ =458, 1-H-perfluoroheptanelZfil Z perfluoro-1-heptene & SiF4A%
examination of the inner surface of the borosilicate glass ampoule after reaction reveals the presence of NaF. The HH LT, BINLEHREROFET COMHEIE, PFOADEEAB VLY, KOBET CANREITSBELA
thermolysis in quartz ampoules was studied by ex situ heating in the temperature range 355-385° C and produced R, DEERET S,

moderate amounts of perfluoro-1-heptene and SiF4 in addition to 1-H-perfluoroheptane. Thermolysis in the presence of
added crushed quartz accelerates the decomposition, as does increasing the concentration of perfluorooctanoic acid or
carrying out the thermolysis in the presence of water. The thermolysis of perfluorooctanoic acid thus proceeds at widely
different rates depending on concentration and on the physical and chemical environment. By contrast, the pyrolysis of
ammonium perfluorooctanoate is more facile by orders of magnitude and proceeds by first-order kinetics at essentially the
same rates in both quartz and borosilicate ampoules with an estimated half-life of 2 s at 307 ° C.

D1 it Vapor Pressure of Nine Sublimation vapor pressures of nine pure perfluoroalkyl st including ium perfluoro(2-methyl-3- 2020 Zhang, MK; J. Chem. Eng. 32968326 GenX - FBERSE |- - - - GenX. PFHxA. PFNAZETPFASICDOUWT, KnudseniiIC & Y REHSE%E, TEEARENTEERICL YRR |-
Per L (PFASs) |oxal (GenX), 1H,1H,2H,2H- perfluoro-1-decanol (8:2 FTOH), 1H,1H,2H,2H-perfluoro-1-dodecanol (10:2 FTOH), Yamada, K; Data. 2020 PFHxA (B : mmHg) ELMBIY 2L E—EHE LT,

Determined Using the Knudsen and C6 to C11 perfluorocarboxylic acids (PFCAs), were measured using the Knudsen technique at near-ambient Bourguet, S; May:65(5):2332- PFNA - BAREE - GenXT7 Y EZVLBEOEREIR, HTFEN LY AE Lperfluoroundecanoic acidDFERE ICEEL 7z, GenX7 >
Effusion Method es. Melting and fusion enthalpies of these compounds were also measured by differential scanning Guelfo, J; 2342. doi: - EET Y EoYLEREBROBMERE RS T, WATOKTHREL 2o

calorimetry. The vapor pressure of GenX ammonium salt is comparable to that of the much higher molecular weight Suuberg, EM 10.1021/acs.jced e—

perfluoroundecanoic acid. GenX ammonium salt also did not show actual melting behavior but instead decomposed at .9b00922.

around 470 K. The measured n bient temperature subli ion vapor pressures of the PFCAs and FTOHs were
compared with some earlier reported liquid phase vapor pressures obtained at higher temperatures, and reasonable
agreement exists between the data obtained in the different studies. The sublimation enthalpies of the PFCAs indicate that
the contribution to the sublimation enthalpy of the CF2 group in the alkyl chain is comparable to that of the CH2 group in
the corresponding nonfluorinated analogues, even though the PFCAs show consistently higher vapor pressures than do the
corresponding carbon number alkanoic acids.

D2 it Interactions of perfluoroalkyl The interactions between perfluoroalkyl substances (PFASs) and a phospholipid bilayer (1,2-dimyristoyl-sn-glycero-3- 2018 Nouhi, S; Ahrens, |J. Colloid 29073553 PFHxXA - FEE_—E=@H |- - - - PFASE U v BEEL —E & (1,2-dimyristoyl-glycero-3-hosphocholine) OB OAEEEMA %, hHUFREEAEEEER
with a phospholipid ine) were i i d at the molecular level using neutron reflectometry. Representative PFASs with different L; Pereira, HC; |Interface Sci. PFNA D DPEF R LTHFLRLTIHEL 2.

bilayer studied by neutron chain length and functional groups were selected in this study including: perfluorobutane sulfonate (PFBS), Hughes, AV; 2018 PFBS S AR TAVEPFASIE, UV VEEH—ERBOBMHEELY L L OBENRVMBANA RO NT,
reflectometry perfluorohexanoate (PFHxA), perfluorohexane sulfonate (PFHxS), perfluorononanoate (PFNA), perfluorooctane sulfonate Campana, M;  |Feb:511:474-481. - $4£7E LPFOS, FOSA. PFNA® U > [EE — /8 & DIE R % L L 7484, FOSA (13%) > PFOS (8%) >
(PFOS), and perfluorooctane sulfonamide (FOSA). All PFASs were found to interact with the bilayer by incorporation, Gutfreund, P; doi: PFNA (7%) oIBIZ#i0 L 7= (SO2NH2 > S020 >C00),

PFAS ability to once ingested or taken up by organisms. The interactions were observed to increase Palsson, GK;  |10.1016/j.jcis.20 S EAEVPFAS IE, EHLAME LB LT EBICRET ARV ENER L, —EBAOREICHTS
with chain length and vary with the functional group as SO2NH2(FOSA) > S020-(PFOS) > COO-(PFNA). The PFAS Vorobiev, A; 17.09.102 Perfluoroalkyl sulfonatesd®%h# (2, PFOS>PFHxS>PFBS (C8>C6>C4) & ir& ., R & & bITHINT 5 Z & AR
hydrophobicity, which is strongly correlated with perfluorocarbon chain length, was found to strongly influence the Hellsing, MS Shtz,
interactions. Longer chain PFASs showed higher tendency to penetrate into the bilayer compared to the short-chain
compounds. The incorporated PFASs could for all substances but one (PFNA) be removed from the lipid membrane by
gentle rinsing with water (2 mL min(-1)). Although short -chain PFASs have been suggested to be the potentially less
bioaccumulative alternative, we found that in high enough concentrations they can also disturb the bilayer. The roughness
and disorder of the bilayer was observed to increase as the concentration of PFASs increased (in particular for the high
concentrations of short-chain substances i.e. PFHxA and PFBS), which can be an indication of aggregation of PFASs in the
bilayer. (C) 2017 Elsevier Inc. All rights reserved.

D3 it Ideal versus Nonideal Transport of |Per- and poly-fluoroalkyl substances (PFAS) adsorb at air-water interfaces during transport in unsaturated porous media. 2021 Brusseau, ML;  |Water Res. 2021 | 34273774|GenX - FERAERE (- - - - GenX. PFOS, PFOAZRAWLT., REEMFIFERD & EREORR-KRERSE (AWIA) 5 PFAS SiicRIFTHE
PFAS in Unsaturated Porous Media |This can cause surfactant-induced flow and enhanced retention that is a function of concentration, which complicates Guo, B; Huang, |Sep:202:117405. %, BOHEE QR EE TR L - — 0 BIZHXERIC L Y BEL:,
characterization and modeling of PFAS transport under unsaturated conditions. The influence of surfactant-induced flow DD; Yan, N; Lyu, |doi: - TERMREH T TRE S Nz PFAS OBEEM 2 04 L 2 BR. RAREL’BERSREEL2+9ICTEZHBE. RE

and nonlinear air-water interfacial adsorption (AWIA) on PFAS transport was investigated with a series of miscible- Y 10.1016/j.watres. BEFFLTHZ ZENRBOHONT,

transport experiments conducted with a several-log range in input concentrations. Perfluorooctane sulfonic 2021.117405.
acid (PFOS), perfluorooctanoic acid (PFOA), and ammonium perfluoro 2-methyl-3-oxahexanoate (GenX) were used as
model PFAS. The results were interpreted in terms of critical reference concentrations associated with PFAS surface
activities and their r i ip to the relevancy of transport pr such as sur induced flow and nonlinear AWIA
for concentration ranges of interest. Analysis of the measured transport behavior of PFAS under unsaturated-flow
conditions demonstrated that AWIA was linear when the input concentration was sufficiently below the critical reference
concentration. This includes the absence of significant arrival-front self-sharpening and extended elution tailing of the
breakthrough curves, as well as the similarity of retardation factors measured for a wide range of input concentrations.
Independentlypredicted simulations produced with a comprehensive flow and transport model that accounts for transient
variably-saturated flow, surfactant-induced flow, nonlinear rate-limited solid-phase sorption, and nonlinear ratelimited AWIA
provided excellent predictions of the measured transport. A series of simulations was conducted with the model to test the
specific impact of various processes potentially influencing PFOS transport. The simulation results showed that surfactant-
induced flow was negligible and that AWIA was effectively linear when the input concentration was sufficiently below the
critical reference concentration. PFAS retention associated with AWIA can be considered to be ideal in such cases, thereby

supporting the use of simplified h ical models. Conversely, apparent nonideal transport behavior was observed for

experiments with input ions similar to or greater than the critical reference concentration.

D4 it Binding of Per- and Polyfluoroalkyl |Per- and polyfluoroalkyl substances (PFASs) are a class of environmentally persistent industrial compounds that disrupt 2020 Lai, TT; Eken, Y; |Environ. Sci. 33228354 PFBA - -k R7LZ |SHAKE - - CHFBHAREMAVC, £ FTLIFUXZRIE (WPXR) EPFASL DBEEICOVWTEHEE TV, SHICHEBBEIFL
Substances to the Human Pregnane|various metabolic pathways. Among the protein receptors to which PFASs bind, the human pregnane X receptor (hPXR) is Wilson, AK Technol. 2020 PFHXA FUXZEEE |algorithm: 7k FFE. ABEREEHF. BLUTSZv ¥ vV SRR LT,

X Receptor found to be a host for a variety of long- and short-chain PFASs that lead to its overactivation. Overactivation of hPXR is Dec:54(24):1598 PFNA DA FHA DI © MM-GBSAE% AL TPFASOhPXR ~DIEE T 2L F— %5 L 24, PFCA (PFBA. PFPA. PFHxA,

linked to potential endocrine disruption, oxidative stress, hepatic steatosis, and adverse drug interactions. In this study, 6-15995. doi: PFBS - KFEESE |MM-PBSA PFHpA. PFOA, PFNA, PFDA, PFDoA) DhPXRY D&, KEROBME & I 5 2 & AREE hiz,
molecular dynamics (MD) is used to study the binding between hPXR and a number of PFAS compounds, including 10.1021/acs.est. GenX W &, MM- - PFSA (PFBS. PFOS)% tbEi L -15A. kRBROBMICL VEMMIET T2 2L h 5. PFBS (C4) AH PFOS
alternatives whose activity on hPXR has not been experimentally tested. This is the first-time MD is used to study the 0c04651. GBSA:: PFAS (C8) & U b B WA H %R L 1=(+ 116 keal/mol)

interactions between PFASs and hPXR, showing how relative binding free energies of PFASs relate to hPXR agonism. tebTLS
Binding free energy calculations, hydrogen bond analysis, per-residue decomposition calculations, and alanine scanning FUXBRIED
studies are done to provide further insight. Activities on hPXR for several short-chain and alternative PFAS compounds to EEOhOFAR
long-chain PFASs that have yet to be reported will also be considered. These short-chain and alternative species include
perfluorobutane sulfonic acid (PFBS), Gen-X (trade name for 2,3,3,3-tetrafluoro-2-heptafluoropropoxy propanoic acid),
ADONA (trade name for 4,8-dioxa-3H-perfluorononanoic acid), and 6:2 fluorotelomer carboxylic acid (6:2 FTCA). The study
shows key aspects of PFAS recognition on the hPXR, the link between PFAS binding to hPXR and the hPXR activity change
observed upon the PFAS exposure, and the potential effects of alternative PFASs on hPXR activity.
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range 0.1-1 s. Three surfactant mixtures with different interactions were investigated. Blends of the cationic hydrocarbon
surfactant hexadecyl trimethylammonium bromide (CTAB) and the nonionic hydrocarbon surfactant octaethylene glycol
monodecyl ether (CLOE8) were found to mix ideally in the monolayer over a wide range of subsurface compositions.
Combinations of C10E8 and the anionic fluorosurfactant ammonium perfluorononanoate (APFN) exhibited nonideal mixing
that could be described with regular solution theory. APFN adsorbed to the interface at a rate limited by monomer diffusion
but the adsorption of C10E8 appeared to be under kinetic control. The adsorption behavior of the cationic-anionic mixture of
CTAB and APFN was dominated by the il of the
composition only the species in excess was found to adsorb, which is rationalized by the presence of aggregates in the bulk
that act as a sink for free monomer. Prior evidence in the literature suggests these aggregates may be vesicles. At equimolar
compositions both species were found to coadsorb; this unexpected result may be explained by adsorption of vesicles to the
uncharged interface. A semiquantitative model based on the interaction between the electrical double layers of the

charged headgroups. Either side of equimolar bulk

ly charged and vesicle explains the absence of adsorption of vesicles away from equimolar compositions.
The combination of the overflowing cylinder, to generate a steadily II-defined
FTIR spectroscopy, to quantify the composition of the adsorbed monolayer, can be used to study a broad range of mixed
inonolayers at the air-water interface under nonequilibrium conditions.

surface with hydrodynamics, and

10.1021/jp06705
lo.
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D5 Mt GenX in water: Interactions and 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy) propanoate, a.k.a. GenX, is a surfactant introduced as a safer alternative to 2022 |Kancharla,S;  |J. Hazard. Mater. | 35016121 GenX S EEEH - B R KRRt T OGenXDEB & FHET A 1 lc, RERA. Bk, KWEOHE, hHFIARIL. HF8H% (MD) A
self-assembly replace perfluorooctanoate (PFOA) in the manufacturing of fluorinated polymers, however, GenX is shown to cause adverse Choudhary, A; 2022 - EE L YIial—vavHREORRIZLY, K FTDGenX I LD E BEE B,
health effects similar to, or even worse than, those of the legacy PFOA. With an overarching goal to understand the behavior Davis, RT; Dong, |Apr:428:128137. VEK S GenXiE, ZAF Oh—FUEAE B, EITEVERR I LURE 175 mM) 2 R0, 8% 6-8, ¥E10A 0
of GenX molecules in agueous media, we report here on GenX micelle formation and structure in aqueous solutions, on the DP; Bedrov, D;  |doi: - KRB NS IENERR L, IENMIBNT S GenX HF Ik, FH8EDKSFICL>TKIME N, GenX D7 =F v
basis of results obtained from a combination of experimental techniques such as surface tension, fluorescence, viscosity, Tsianou, M; 10.1016/j.jhazma BRI AHE K EBAREFRT IS, T—TABRREIKEOHEFRAPBRERIZEALEN >,
and small-angle neutron scattering (SANS), and dynamics (MD) 1s. To our best knowledge, this is the Alexandridis, P t.2021.128137. RE © GenX ORIX 7 LA O T—FILHIE, REFHRLCEH7LFOH—HR U #HEY & BKIEA 30% B - 7=,
first report on GenX micelles. The critical micelle concentration (CMC) of GenX ammonium salt in water is 175 mM. GenX
forms small micelles with association number 6-8 and 10 angstrom radius. GenX molecules prefer to align along the micelle
surface, and the ether oxygen of GenX has very little interaction with and exposure to water. Information on the surfactant
and interfacial properties of GenX is crucial, since such properties are manifestations of interactions between GenX
molecules and between GenX and water molecules and, in turn, the amphiphilic character of GenX dictates its fate and
transport in the aqueous environment, its i with various bit lecules, and its binding to adsorbent materials.
D9 Bt Evaluation of the binding of In this paper, we investigated the binding mode of perfluorooctanoic acid (PFOA) and perfluorononanoic acid (PFNA) to 2016 | Yue, YY; Sun, YY:|Chemosphere | 27459159 PFNA KT E DR - whEss |- CHKEEDTF Ry X2 TEAFER LT, PFNAB S UPOFADR 7S & DA AME L 72, SEABAHLIC L A
perfluorinated compound to pepsin: |pepsin using spectroscopies and molecular docking methods. Fluorescence quenching study indicated that their different Yan, XY; Liu, JM; |2016 A=A Y, RTYVEDRENNRLE D T ENHERIN, BRSEEAATICL Y. PFOASL L UPFNA AETEX DA h =
Spectroscopic analysis and ability to bind with pepsin. Meanwhile, time-resolved fluorescence measurements established that PFOA and PFNA Zhao, SF; Zhang, |Oct:161:475-481. =2k, ALITES>TRTS V DEABEE AT EIEPALHIICA ST,
molecular docking quenched the fluorescence intensity of pepsin through the of static quenching. The ther ic parameter J doi: e CBARNGA—RICEYRT Vv EOREEMETELER. PFOABLUPFNAO T ¥ 2 L E—ZALHFICADE
showed that hydrophobic forces were the main interactions. Furthermore, UV-vis, FTIR, three-dimensional fluorescence and 10.1016/j.chemo 312 (-1.55, -15 kimol™) £ R L2 & n b, BB ZAEEARBTHS RO BN, T FOE—E{Lr b bEaHE
molecular docking result indicated that PFCs impact the conformation of pepsin and PFOA was more toxic than PFNA. The sphere.2016.07.0 EEFABKIETH S Emani- (PFOA, PFNA: 21.66, 66.23 Jmolt K,
conformational transformation of PFOA/PFNA-pepsin was confirmed through the quantitative analysis of the CD spectra. 47 UVevis, FTIR, SRITENE LUST Ky 5o 7 OBEh s, PFAS A< 7S Y OIS %
The present studies offer the theory evidence to analyze environmental safety and biosecurity of PFCs on proteases. (C) BHEZ. PFOA A PENA £ Y b EMAT LT EARENS,
2016 Elsevier Ltd. All rights reserved.
D13 ¥k Predicting Concentration- and Air-water interfacial retention of poly-and per ub (PFASs) is increasingly r d as an important 2023 Stults, JF; Choi, |Environ. Sci. 36962006 PFBA BR-KRESD QSPRETN 4854 —%F |- - H T LEERRIC & Y KRR EEKD PFAS O Z5-KAESREZAE L. /Sy FRRICK Y REFIRS RO A
lonic-Strength-D Air- process. Herein, column transport experiments were used to measure air-water interfacial partitioning values YJ; Rockwell, C; | Technol. 2023 PFHXA [ F)L*no C18 SELE R AL A O FEKia T — 2 ZEH LTz,
Water Interfacial Partitioning for several perfluoroalkyl ethers and for PFASs derived from aqueous film-forming foam, while batch experiments were used Schaefer, CE; Apr:57(13):5203- PFNA K, fE model”: LK - QSPREFLMICERE Wiz 8 DDEH D246 Y DA EbYIC LY, BE-KREHEEOHHICEYTH S LR
Parameters of PFASs Using to determine equilibrium Kia data for compounds exhibiting evidence of rate-limited partitioning. Experimental results Nguyen, DD; 5215. doi: PFBS [N 8 ENFANTA—RGRE, ELGHE, BE7 v HCEH BEH) EMAVLQSPREFL L, 355 4 —ZQSPRET
Quantitative Structure-Property suggest a Freundlich isotherm best describes PFAS air-water partitioning at environmentally relevant concentrations (101- Knappe, DRU;  10.1021/acs.est. GenX BR7 V&L W GRE, BR7 v HRILHEE. CI8RIFIMH) &, FHEKafE & B ICRIFLAMEEZRL % (RAEZNZN0.92,
Relationships (QSPRs) 106 ng/L). A multiparameter regression analysis for Kia prediction was performed for the 15 PFASs for which equilibrium Kig llangasekare,  |2c07316. L logioilk 0.83),
values were determined, assessing 246 possible 1s of 8 physicoch | and system properties. Quantitative TH; Higgins, CP F ng/L
structure-property relationships (QSPRs) based on three to four parameters provided predictions of high accuracy without INSA—RE
model overparameterization. Two QSPRs (R2 values of 0.92 and 0.83) were developed using an assumed average Freundlich FIL%no C18
n value of 0.65 and validated across a range of relevant concentrations for perfluorooctane sulfonate (PFOS), model™: &K
perfluorooctanoate (PFOA), and hexafluoropropylene oxidedimer acid (i.e., GenX). A mass action model was further modified 7 v F&LHE
to account for the changing ionic strength on PFAS air-water interfacial sorption. The final result was two distinct QSPRs for . CI8{Rfsis
estimating PFAS air-water interfacial partitioning across a range of aqueous concentrations and ionic strengths. A (%), logl0
RE ng/L
D14 |#Mt Theoretical studies of the structural,| The structural and electronic properties of linear and branched perfluorobutanesulfonate (PFBS) in its anionic, acidic, and 2013 Ran, XQ; Can. J. Chem.- |- PFBS (E . & L7RTF | B3LYP/6-31+- - cToF VR BMER. DU TLE F MY TLRORTOERES L USIROPFBSRIEEOEEN, EFHIRME. A
electronic, and F-19 NMR potassium or sodium salt forms were studied in a polarizable continuum model (PCM) of methanol solvent with the B3LYP Goddard, JD Rev. Can. Chim. ) (7 = A MoraE (A) 19F NMREFHEDE L % F8~ 7=, GIAO B3LYP/6-31++G(d,p) BRI LT, X &/ —LBEHRICHITB19FLFES 7 b5
properties of linear and branched  |functional and the 6-31G(d,p) basis set. The F-19 chemical shifts and F-19-F-19 J-coupling constants were determined in a 2013 ViR, B RFRIEREA) SUNOF-19F ) Ay 7Y v I ERERE L=,
perfluorobutanesulfonate PCM of methanol solvent with GIAO B3LYP/6-31++G(d, p). The differences in energy, enthalpy, and free energy of the four Dec:91(12):1272- i hUYL c-c-C-Cot - PFBS BMAOTRAF— Ty 2L~ HEIILE—0ELALELEE, E#HPFBS Bl HEMHL Y
PFBS isomers were compared. The data indicate that the linear PFBS species is less stable than the branched isomers and 1280. doi: ' FRUY LhmE () LREMMELS, tert-TFLBRBEEZFORMENRLRETH I LR D ONT =,
the isomer with the tert-butyl-like structure is the most stable. The J-coupling contributions via both a non-Fermi contact 10.1139/cjc- L38) 19F DS 7 CIET L TR & RS (BERS) 0EAICLE ) hy UV IDFEICLY . ThH D5 PFBS B
mechanism and a long chain of bonds (through-bond) indicate that F-19-F-19 J-coupling constants are long range in these 2013-0294. r ATIEI9F-19F ) hy 7Y Y SEBIREMTH S Z L HRE N, B PFBSEDIIFLE Y 7 b OFHEIIRRD
branched PFBS isomers. The calculated and experimental F-19 chemical shifts for the linear PFBS species are in good 19F-19F J h v RN LC—HLTH Y, BILYP/6-31++G(d,p)Ic & Y PFBSO1IF D EHLNMRIEH A G SN 5 LRENTz,
agreement. In addition, the results obtained establish the similarities between the geometries and electronic and NMR T IEH
properties of linear PFBS and linear perfluorooctanesulfonate (PFOS).
D52 k(4 High Lipophilicity of Perfluoroalkyl |Here we report on remarkably high lipophilicity of perfluoroalkyl carboxylate and sulfonate. A lipophilic nature of this 2009 Jing, P; Rodgers, |J. Am. Chem. 19170492 All Eiiics - n-F7 K%/ —- YAV y oRLE ALY —&BUn-F 7 2/ —LHREEEZE LR UTHARE N, #UNKNOWN! A
Carboxylate and Sulfonate: emerging class of organic pollutants has been hypothesized as an origin of their bioaccumulation and toxicity. Both PJ; Amemiya, S | Soc. 2009 perfluoroalkyl AL TNARATILERLAINREBIRE ZLFBIEOFAMAEL BV, ALREORLTLADTLFLHEET
Implications for Their Membrane | carboxylate and sulfonate, however, are considered hydrophilic while perfluroalkyl groups are not only hydrophobic but also Feb:131(6):2290- and alkyl ILF LSHO B DELT B,
Permeability oleophobic. Partition coefficients of a series of per and alkyl carboxyl. between water and n- 2296. doi: carboxylic CAL LA RTAELALECBIEC R R BIEOEmOEEE R, -7 AAn T AR LESBEET A A FY TS
octanol were determined as a measure of their lipophilicity by ion-transfer cyclic voltammetry. Very similar lipophilicity of 10.1021/ja80796 acids F Y RICBVETFRIMERERITTZ L ICRR L, TAFAEE WELTRATE .,
perfluoroalkyl and alkyl chains with the same length is demonstrated experimentally for the first time by fragment analysis o 1s. 1. CF4(CF,),. FRLTUFATAFAAFY ToAVEEVEEEICNATIF v 2R T2 2800, BEEL/REBH (X 9) £
the partition coefficients. This finding is important for pharmaceutical and biomedical applications of perfluoroalkyl ,CO, (n=4- TR (R 1) IS > THEE N TW BN E S hEBRBLHOTO—T & LTHBTH B,
compounds. Interestingly, similar to 2 orders of magnitude higher lipophilicity of a perfluoroalkyl carboxylate or sulfonate in 10)
comparison to its alkyl counterpart is ascribed nearly exclusively to their oxoanion groups. The higher lipophilicity originates 2. CH,(CHy),.
from a strong electron-withdrawing effect of the perfluoroalkyl group on the adjacent oxoanion group, which is weakly ,CO, (n=7-
hydrated to decrease its hydrophilicity. In fact, the inductive effect is dramatically reduced for a fluorotelomer with an 12)
ethylene spacer between perfluorohexyl and carboxylate groups, which is only as lipophilic as its alkyl counterpart, 3.
nonanoate, and is 400 times less lipophilic than perfluorononanoate. The high lipophilicity of perfluoroalkyl carboxylate and CFA(CF 1505
sulfonate implies that their permeation across such a thin lipophilic membrane as a bilayer lipid membrane is limited by theil 4.
transfer at a membrane/water interface. The limiting permeability is lower and less dependent on their lipophilicity than the CHA(CF)(CHy
permeability controlled by their diffusion in the membrane interior as assumed in the classical solubility-diffusion model. ),C0;°
D53 |t Adsorption kinetics in binary The adsorption kinetics of mixtures of soluble surfactants at the air-water interface was studied on an overflowing cylinder. |2007 | Day, JPR; J. Phys. Chem. C. - APFN FTIRZ~Z b - R & N7 EE - 3 DOREEMEH (RIAFVTFIAFYAFATYEZIL (CTAB), A/ ZTFLYFYIA—LE/ FIAI—TF REEUEARESYICH T 2RE 0L |A
surfactant mixtures studied with Vibrational spectra of the adsorbed monolayers were acquired by external reflection Fourier transform infrared Campbell, RA; 2007 n )L (C10E8). APFN) EAMDZRR/ KREICH T 2 RELH % AE REMRE L 230k
external reflection FTIR spectroscopy, and target factor analysis was used to determine the compositions of mixed monolayers. Laser Doppler Russell, OP; Jun:111(25):8757 EERRE - CE108 + APFN: B4 FIR CHBMAMICRS, 1+ HREEMHIC L 2 h LKV BIE~ Y F 7L —TORERY APFNIATROF 8BS B &
spectroscopy velocimetry was employed to measure the surface expansion rates, and hence the effective surface age, which was in the Bain, CD -8774. doi: SELB~Y FOL—TOREOFIH. N FAA—RYEETLFOH—FR U EOTHBRBEL Y 2L E—%XE 5]
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152 £4¢ -3 Evaluation of a national data set for The United States Environmental Protection Agency (USEPA) completed nationwide screening of six perfluoroalkyl 2018 Guelfo, Jennifer L; Adamson, Environ Pollut. 29427949 PFNA 02:@H K - 20135 ~20155 #EKY > 369778 BRI Y >~ TR OPFASEE B ERST (MRL) 7t + PFASHRI & Mot v 7L O#50% LIS (320 LU EDOPFASH & £ ute, A
insights into sources, composition, substances in U.S. drinking water from 2013 to 2015 under the Third Unregulated Contaminant Monitoring Rule David T 2018 PFBS - DMK R T L4920 i M A HIF L -PFASOFA9RME: 0.025 (PFHpA)~0.18 (PFBS) pg/L PFNA: 0.02 pg/L + PFASE i L f- BRIk D 72% 3 b Tk & Bk & LTW
and concentrations of per- and (UCMR3). UCMRS efforts yielded a dataset of 36,139 samples containing analytical results from >5000 public water May:236:505- D SIRE (REHKS 2T L PFNA: B#% L PFBS: 0.09 pg/L C ABRMARIIEKS AT LG, MURS R T L E B LTPFASH RIS B A v XHHE6/ETH > 1,
polyfluoroalkyl substances (PFASs) systems (PWSs). This study used UCMR3 data to investigate three aspects of per- and polyfluoroalkyl substances 513. doi: FARAR (#7KA 10,0004 PFBS: 0.18 pg/L PFASO¥RE DR RIEIF AR S 27 L (0.053 pg/L) & W EH > 120
in U.S. drinking water. (PFASSs) in drinking water: the occurrence of PFAS and co-contaminant mixtures, trends in PFAS detections relative to 10.1016/j.envpol. ), /R (10,000 ALLF)
PWS characteristics and potential release types, and temporal trends in PFAS occurrence. This was achieved through 2018.01.066. * Third Unregulated
bivariate and multivariate analyses including categorical analysis, concentration ratios, and hierarchical cluster Contaminant Monitoring Rule
analysis. Approximately 50% of samples with PFAS detections contained =2 PFASs, and 72% of detections occurred in (UCMR3)D2@EH LR 7 Y —
groundwater. Large PWSs (>10,000 customers) were 5.6 times more likely than small PWSs ( =10,000 customers) to ZvTEB
exhibit PFAS detections; however, when detected, median total PFAS concentrations were higher in small PWSs (0.12 - KR Tk, EAADE!
/L) than in large (0.053 ug/L). Bivariate and multivariate analyses of PFAS composition suggested PWSs reflect TlhsTk, &k B
impacts due to firefighting foam use and WWTP effluent as compared to other source types for which data were. Ak
available. Mann-Kendall analysis of quarterly total PFAS detection rates indicated an increasing trend over time
(p=0.03). UCMR3 data provide a foundation for tiered design of targeted sampling and analysis plans to address
remaining knowledge gaps in the sources, composition, and concentrations of PFASsin U.S. drinking water.
335 sqaAE=z ion of substances (PFASs) are environmental pollutants with an important bioaccumulation potential. 2013 Pérez, F.; Nadal, M; Navarro-  Environ Int59: 23892228 PFBA 02:EM  RRAY - 2008% REIRRY © 71008 (i, FF BEIMEY > 7L S OPFASEE (in ng/g wet weight) - - PFBAIS. B, MCHLTRLSCRBENILAN T, RRBEERLL. B
U substances in human tissues However, their metabolism and distribution in humans are not well studied. In this study, the concentrations of 21 Ortega, A.; Fabrega, F.; Domingo, 354-362. PFHxA (han— L NN NN Y ) R (F49, ohfE, ) - PFHxA 2 & FFBIC BV TRSBEER L.
PFASs were analyzed in 99 samples of autopsy tissues (brain, liver, lung, bone, and kidney) from subjects who had 1. L,; Barcelo, D.; Farre, M. http://dx.doi.org PFNA =wiliz7 - 87 I+ Ok4 HEIZ10  PFBA: 12.9, 3.0, 128~KRHRRLT - PFOARBICHELWTREEEARL, PFOS I1fh. i, BRICEML TV BERICHT2BERER
been living in Tarragona (Catalonia, Spain). The samples were analyzed by solvent extraction and online purification by /10.1016/j.envint. PFBS aF) ELLEREL20AOHEE  PFBS: 09,07, 15-Bdl (533N
turbulent flow and liquid chromatography coupled to tandem mass spectrometry. The occurrence of PFASs was 2013.06.004. P HIRER PFHxA: 115, 68.3, 353~ HRHLUT
confirmed in all human tissues. Although PFASs accumulation followed particular trends depending on the specific - RIS RAME, BETMm  PFN. 3,1.0, 6.6-Bdl <AAV >
tissue, some similarities were found. In kidney and lung, perfluorobutanoic acid was the most frequent compound, and B ROt OERE, B 8 B (T, hR{E BE) - AEE@IC BT, PFHXAS TR B, PFBAY T & BRI TR E W2 TBLPFASTH S Z & (PFOSY
at highest concentrations (median values: 263 and 807ng/g in kidney and lung, respectively). In liver and brain, BT, FETHABMUE  PFBA: BEHRALUT, - - PFOATRAWZ &) HEE .
perfluorohexanoic acid showed the maximum levels (median: 68.3 and 141ng/g, respectively), while perfluorooctanoic BB Y TN OMHAYT  PFBS: 3.2, 2.4, 17.8-Bdl.
acid was the most contributively in bone (median: 20.9ng/g). Lung tissues accumulated the highest concentration of bt PFHxA: 35.6, 1.5, 230-Bdl|
PFASs. However, sulfonic acid and acid were more prevalent in liver and bone, PFNA: #HRALLT.,
respectively. To the best of our knowledge, the accumulation of different PFASs in samples of various human tissues il (T4, hR{E, TR
from the same subjects is here reported for thevery first time. The current results may be of high importance for the PFBA: 13.5, 1.4, 137-fR R A LT
validation of physiologically based pharmacokinetic models, which are being developed for humans. However, further PFBS: BHRMLLT, -, -
studies on the distribution of the same compounds in the human body are still required. PFHxA: 180, 141, 486-10.1
PFN, 9.7, 13.5, 150-B4dI.
B (P49, PR, ROE)
PFBA: 304.2, 807, 4138-t& tHIRA LU T
PFBS: 17.8, 1,1 9.7-BHRALIT
PFHxA: 50.1, 207, 569-BHRFLIT
PFNA: 15.3,3.5 126-#HRHLUT
B (739, PR, 0E)
PFBA: 464, 263, 4026-1& R A LI T
PFBS: 8.0, 1.7, 80.4- B HRM LT
PFHxA: 5.6, 2.7, 57.1-BHRFLIT
PFNA: 28.3, 10.9, 128- RS LT
342 SAAE=4 Influence of exposure to This study demonstrated the 10-year trend of 13 perfluoroalkyl substances (PFASs) serum levels among 786 adults 2018 Seo, S. H,; Son, M. H,; Choi, S. D.; Environ Int 113: 29425899 PFHxA 02: @5 ‘/E (V7 VIOro—RER 20064 ~2015% (& R PFASIREE — 49 (ch R{H), 1EE - - MFRPFASIRE IR, LY L BUHOAFEL, Fife EOBBEr R DN, B
U perfluoroalkyl substances (PFASs) living in Seoul, Korea. PFAS levels gradually increased from 2006 to 2013, decreasing thereafter. We found that PFAS Lee, D. H,; Chang, Y. S. 149-161. PFNA ) - Health Assessment Study of Seoul - MFPPFASREIBMI L AEAMBIR G 274 BALZRTA—A, BEEYRLY/EILRATA-
on the Korean general population:  levels were higher in male than in female participants and were positively correlated with age. PFASs were not http://dx.doi.org PFBS Citizens® E1ETBEA (B1E200A, & 24#(n=786) Ny PUZUEY FEEOERAZ LN, BEEY KLY A7BHIALRATA-LEADHBEN RO LN,
10-year trend and health effects significantly correlated with body mass index, although we observed positive correlations with total cholesterol, low- /10.1016/j.envint: 1586.A) PFBS: 0.03 (0.00), < LOD~0.45
density lipoprotein cholesterol, and triglycerides and negative correlations with high-density lipoprotein cholesterol. 2018.01.025 - EHHA0~608 PFHxA: 0.20 (0.03), < LOD~3.59 <AAv >
Uric acid and free thyroxine (fT4) also showed positive correlations with major congeners while correlations between PFNA: 2.03 (1.74), < LOD-12.64 - BEO—BAOMEFEEHNEEL 3 DDPFAS (PFOS, PFOA, PFHXS) 12 RULTE LD [2PFNA, PFUNDA,
thyroid stimulating hormone and PFASs were inconsistent. We demonstrated significant correlations between T4 and PFDAT® 5 Z LA EE,
ic acid (PFNA), sulfonate (PFHxS), and perfluorodecanoic acid (PFDA). There were B£(n=200)
significant differences in PFHxS and perfluorododecanoic acid (PFDoDA) levels between participants with and without PFBS: 0.04 (0.01), < LOD~0.44
diabetes. Furthermore, principal component analysis suggested possible differences in disease manifestation based on PFHxA: 0.22 (0.06, < LOD~2.75
the congener distribution of PFASs. This study is the first study of temporal trends of 13 PFAS congeners in serum PFNA: 2.23 (1.80), 0.15~7.04
samples obtained from the Korean general population; it is currently longest and largest scale study of this type.
£ (n=586)
PFBS: 0.03 (0.00), < LOD~0.45
PFHxA: 0.20 (0.02), < LOD~3.59
PFNA: 1.96 (1.72), < LOD~12.64
345 s<44E=% Perfluorinated alkyl acids in blood  We investigated temporal trends of blood serum levels of 13 perfluorinated alkyl acids (PFAAS) and perfluorooctane 2012 Glynn, A; Berger, U Bignert, A; Environ Sci 22770559 PFBS 02: @A RVz—F RUr—7r. 7Y IBEEONER 19065~2010F M SL R DB EMAEPINARIE MEROMEHPFNARERO €7 8RR 5 Table 2 ST EREMEY Y T (1=36) DR ORRB, 1551 OMEFRED LREEPFBSA 1% O5%C: B
Uy serum from primiparous women in  sulfonamide (FOSA) in primiparous women (N = 413) from Uppsala County, Sweden, sampled 3 weeks after delivery Ullah, S.; Aune, M.; Lignell, S Technol 46; PFNA Y (97Y BEURLEOLEE 6.7,16). PFNAI£4.3% (95%CI: 2.2,63) TH 7z,
Sweden: serial sampling during 1996-2010. Levels of the short-chain perfluorobutane sulfonate (PFBS) and perfluorohexane sulfonate (PFHxS) Darnerud, P. 0. 9071-9079. 7) EH N AE3iERY #7:, PFHxS#'8.3%(95%Cl: 6.2, 10). PFDA/3.8%(1.9, 5.8) T LR L7 DIc#f L, PFOSIZ-8.4%(95%Cl: 11,
pregnancy and nursing, and increased 11%/y and 8.3%/y, respectively, and levels of the long-chain perfluorononanoate (PFNA) and http://dx.doi.org. S 0.70* 5.9), PFDSI+-10%(95%Cl: -15, 6.0), PFOAIX-3.1%(95%Cl: -4.4, -1.8) &34 L 1=,
temporal trends 1996-2010 perfluorodecanoate (PFDA) increased 4.3%/y and 3.8%/y, respectively. Concomitantly, levels of FOSA (22%/y), /10.1021/es3011 A ER OPFNAEE: 013 ng/g R 0.40 0.53*
perfluorooctane sulfonate (PFOS, 8.4%/y), perfluorodecane sulfonate (PFDS, 10%/y), and perfluorooctanoate (PFOA, 68c B 3ER 0.66* 0.76* 0.46%
3.1%/y) decreased. Thus, one or several sources of exposure to the latter compounds have been reduced or E®3nA 0.73* 0.78* 0.29 0.79*
eliminated, whereas exposure to the former compounds has recently increased. We explored if maternal levels of
PFOS, PFOA, and PFNA during the early nursing period are representative for the fetal development period, using p=005N=19
serial maternal serum samples, including cord blood (N = 19). PFAA levels in maternal serum sampled during.
pregnancy and the nursing period as well as in cord blood were strongly correlated. Strongest correlations between
cord blood levels and maternal levels were observed for maternal serum sampled shortly before or after the delivery (r
=0.70-0.89 for PFOS and PFOA). A similar pattern was observed for PFNA, although the correlationswere less strong.
due to levels close to the method detection limit in cord blood.
346 sS4 #4E=4 Per- and polyfluoroalkyl substances In 2015, thirteen per- and polyfluoroalkyl substances (PFAS), including perfluorohexanesulfonate (PFHxS), 2017 Olsen, Geary W; Mair, David C; Environ Res. 28528142 PFNA 02 : @5 HE KEOF+FHAOMME 20004 ~2015% (i MY > FAROPFNARE (S8, 5], iz @5 L - #{TFE) MES L CMBEOW, 95, HXU 99 A~ bHFERAE LV Z O LROPFNARE (ng/mL) DEFRE + 2000-2001: 5 £ Lad ¥ El2BRTH T2 . ft # B
U (PFAS) in American Red Cross (PFOS). (PFOA), (PFNA), and Lange, Cleston C; Harrington, 2017 - 20 - 695 MY TLDFE - Y I 6165, 201545 20154 4R ER: 0.43 ng/mL (95% Cl 0.41~0.45) #: PFHxS: 61%, PFOS: 88%, PFOA: 77%, PFDA: 50%T# -7, PFOS, PFOARE XERNICEEE TR
adult blood donors, 2000-2015. (PFDA) were analyzed in human plasma that were collected from a total of 616 American Red Cross male and female Laura M; Church, Timothy R; Aug;157:87-95. - O ME L & — EX: 2015464 ~8 68 ~8A IZHREX 20004 ~20014: 0.6 ng/mL 2000-2001% 20064 20104 2015% ot PFNAEPFDAIE, 2000%I2EE~T2006, 20104 Ic—E LR L6 DD, 2015412220004 & F L~
blood donors (ages 20-69) at 6 regional blood collection centers. Plasma samples were analyzed using a validated Goldberg, Corinne L; Herron, doi: A 2006%: 1.0 ng/mL HN—tr RANFRRA EEF  95%CL H#E  95% CL HE  95%CL #E 95%CL T L.
solvent it i pe dilution liqui tandem mass method. The data Ross M; Hanna, Hank; Nobiletti, 10.1016/j.envres. FEATICHEA LT 20104: 0.8 ng/mL 90% 11 12 18 19 16 19 0.9 1.0
were analyzed in conjunction with prior cross-sectional investigations [2000-2001 (n =645), 2006 (n =600), and 2010 John B; Rios, Jorge A; Reagen, 2017.05.013. T =4 20008~ 95% 14 15 22 23 23 2.6 11 13
(n =600)] to determine PFAS trends. Age- and sex-adjusted geometric mean serum (2000-2001) and plasma (2006, William K; Ley, Carol A Epub 2017 May 20014, 2006 99% 2.0 24 31 36 4.7 7.2 22 2.4
2010, 2015) concentrations (ng/mL) were, respectively: PFHxS (2.3, 1.5, 1.3, 0.9); PFOS (35.1, 14.5, 8.4, 4.3); PFOA (4.7, 18. £, 20105 08
3.4,2.4,1.1); PFNA (0.6, 1.0, 0.8, 0.4); and PFDA (0.2, 0.3, 0.3, 0.1). The percentage decline in these geometric mean
concentrations from 2000-2001 to 2015 were: PFHxS (61%); PFOS (88%); PFOA (77%); PFNA (33%); and PFDA (50%).
The results indicate a continued decline of PFHxS, PFOS, and PFOA concentrations in American Red Cross blood
donors. For the remaining PFAS measured in 2015, including the shorter chain perfluoroalkyls
(PFBS) and (PFHxA), the majority of samples were below the lower limit
355 sS4 4E=4 Time trends of perfluorinated alkyl We aimed to estimate the levels and time trends of perfluorinated alkyl acids (PFAAs) in serum of 1533 Danish 2016 Bjerregaard-Olesen, Christian; Environ Int. 2016 26891270 PFNA 02: Frv—y Fve—OE1533A (Aarhus Birth 2008%£~2013% MmF $Eifeh O BHEMFFPFNARE (Aarhus Birth Cohort, 2008-2013) FRERTIC & 5 MFEFPFNAREOBREZ(L - BRERSTIC L 2 MEPOREE(LEFFHER. PFHXSIZ7.0%, PFOSIt 9.3%. PFOAIZ9.1%TH > B
U acids in serum from Danish pregnant nulliparous women between 2008 and 2013. The selection criterion of only including nulliparous women was Bach, Cathrine C; Long, Manhai; 1:14-21. Cohort Biobank®#£ fin#) #(TF49: 0.76 ng/mL
pregnant women 2008-2013. chosen to avoid confounding from parity. The serum samples were analyzed for sixteen PFAAs using solid phase Ghisari, Mandana; Bossi, hR{E: 0.76 ng/mL (EHXA: 0.61~0.97) REEOMA: -6.2 %/4 (95%C: -7.4, -5.1), P<0.001, I B¢ Z850: 11.04
extraction and liquid chromatography tandem mass spectrometry (LC-MS/MS). We investigated the time trends for Rossana; Bech, Bodil H; Nohr, 10.1016/j.envint. T FHOME: -6.3 %/4(95%Cl: -1.5, -5.1), P<0.001, ¥FI-E¥ 2850 11.04 <AAV >
seven PFAAs, which were detected in more than 50% of the samples: perfluorohexane sulfonate (PFHxS), Ellen A; Henriksen, Tine B; 2016.02.010. - ZOBRUET Y ¥ — 2 711 02008-2013EF D5 FEAL 1975- 015D R Yz —F >, /D x—
sulfonate (PFHpS), sulfonate (PFOS), perfluorooctanoic acid (PFOA), Olsen, Jorn; Bonefeld-Jergensen, Epub 2016 Feb BETF: EROEH, EEMOBMI. FE. R OEREH FAYDF =R EEAT W SFig. 24" EE, PFOS, PFOARLTNOE LA MR, PFDAIL EEMELA,
ic acid (PFNA), acid (PFDA), and acid (PFUnA). We found that EvaC 16. PFHXS, PFNAICDWTIREIC L > TRV B S,
the serum levels of all seven PFAAs decreased during the period from 2008 to 2013; on average PFHxS decreased with
7.0% per year, PFHpS with 14.8%, PFOS with 9.3%, PFOA with 9.1%, PFNA with 6.2%, PFDA with 6.3%, and PFUnA
with 7.1% per year. Adjustment for maternal age, body mass index (BMI), educational level and gestational age at
blood sampling did not change the time trends much. To our knowledge, we are the first to report decreasing trends of
PFNA, PFDA and PFUnA since year 2000, thereby indicating that the phase-out of these compounds are beginning to
364 sS4+ E=% Inter-individual, inter-city, and Inter-individual, inter-city, and temporal trends of 19 per- and polyfluoroalkyl substances (PFASs) were investigated in 2018 Nyberg, Elisabeth; Awad, Raed;  Environ Sci 29987291 PFHxA 02: BN  RVz—F RUz—TYAQHENOERZE-3n 19725~2016% £ X Z by oAnEa—FEY OBLEOEMTEE (pg mL ) A5 FHEL 72PFAS O <aAvb> B
Uy temporal trends of per- and human milk collected in Stockholm (1972-2016) and Gothenburg (2007-2015), Sweden. The concentrations of Bignert, Anders; Ek, Caroline; Process Impacts. PFNA v(RE ARA LS (RETSAARRATLE) (R by 2 FAL) R by 2RLLOT—LEn  (Fig 312201264 » 7L OPFASBED Y 5 785 2 4%, #ills T — 2 REREhTUEL) - 20004 A1 (1900 LT 0D L 20 A PFOS, PFOA, PFHxS, PFNA® 201048 LIFHEH D LisH T L
polyfluoroalkyl substances in sulfonate (PFHxS), (PFNA), (PFDA), Sallsten, Gerd; Benskin, 2018 Aug PFBS PRI 20074 ~2015% =% 70204 (19724~ PFAS itrlsl YoM & M #E% (95%C) P YRQ LDT% Lastyear pg mL-1 (95% C.L) B, —75. PFDA, PFHYAIGES. MM LY T3 (Fig. 4).
human milk from Swedish mothers (PFUnDA), and perfluorotridecanoate (PFTrDA) in human milk from Stockholm increased significantly over the entire Jonathan P 16;20(8):1136- I-FHY) (F=F#Y) 20165 M. 9~116A/%Eh PFBS R by odL 50 17 72-16 -0.69(-3.6,2.3) 0.626 22 a7 4.4(3.1,6.2)
between 1972 and 2016. monitoring periods, whereas branched (Br) and linear (L) isomers of perfluorooctane sulfonamide (FOSA) decreased. In 1147. doi: HIREY) EN LV ON 9 07-16 25(-0.80,57) 0.056 19 36
human milk from Gothenburg, significant downward trends were detected for perfluorododecanoate (PFDoDA), PFHxS 10.1039/c8em00 I-FRYOT—LENFY I-FHY 27 8 07-15 0.78(-6.2,8.3) 0.800 10 9.6 0.71(0.56, 0.90)
and Br-perfluorooctane sulfonate (Br-PFOS) over the last decade. This declining trend was also observed for 174j. v 711 (20074 ~20154% PFHXA Z by 2k L 50 17 72-16 056(-2.0,32) 0.647 20 38 57(39, 85)
(PFHXxA), PFHxS, pt (PFOA) and Br-PFOS in Stockholm over the same time period. DR, 5~11A/EH S RE) A by ORI L 9 07-16 23(4.1,45) 0.023 16 24
No significant differences were observed in concentrations or relative PFAS profiles between Stockholm and I-FHY 27 8  07-15 -0.16(-18,22) 0.985 18 31 29(14, 62)
Gothenburg. However, a comparison of the PFAS profile in Stockholm milk revealed distinct profiles for the time. PFNA R by 2HIL 50 17 72-16 3.6(1.6,5.7) 0.002 17 28 15(12, 19)
periods 1972-1996, 2000-2012, and 2013-2016, reflecting a shift in exposure over time. The lower bound estimated A by IR L 9 07-16 -12(-25,3.2) 0.100 15 23
daily intake (EDI) for X PFAS concentrations in infants ranged from 7.1-40 ng per kg body weight per day (ng/kg bw/d) ER L) 27 8 07-15 -0.12(-3.0,28) 0926 7T 37 171519
in Stockholm and from 5.2-25 ng/kg bw/d in Gothenburg over the studied time period, consistent with other European
countries. Overall these data indicate that exposure to some legacy PFASs via breastmilk is declining, presumably as a
result of regulation and phase-outinitiatives. However, increasing concentrations for other PFASs and a shift in the
overall PFAS profile in recent years may pose an ongoing health risk to infants.

BFR-3_BRER - NAAT=LRY ¥V 3/26




N=T7NA OALEYIC R B EREEE O E &R UH

BF-3 BAEFEBEEL OWBMULER

PRV R OIFHINEL O HEIR

perfluoroundecanoic acid (PFUNDA, r = 0.72). Toxicokinetic modeling shows PFAS exposures from seafood have
become increasingly important (53% of perfluorooctanesulfonate, PFOS, in 2012), despite a decline in whale
consumption in recent years. We infer that even in a major seafood-consuming population, declines in legacy PFAS
exposure after 2000 were achieved by the rapid phase out of PFOS and its precursors in consumer products. These
results emphasize the importanceof better understanding exposures to replacement PFASs in these sources.
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370 <AAE=& Highly clevated serum Increasing production and use of per- and polyfluoroalkyl substances (PFASS) has been reported from China, anda 2014 Zhau, Zhen; Shi, Yali Environ Sci_ | 24588690 PFBA 02 B/ I (AL FEILOTangun AALORELS | A wh. K MR OPFASER AEGEHE (FRE10400 ng/mU Tl [UBHOBE /o7 (FRIELST ng/mD) £ LT, C4~C12 PFAS Ol EEFTE g A
Pz concentrations of perfluoroalkyl  few studies have shown there are subpopulations in China with high and increasing exposure to these chemicals. In Vestergren, Robin; Wang, Thanh; Technol. 2014 PFHXA GREO  HEZORK PFBADFH, A4S, 95%CI foEeE cEILT, BRI ® PFAS REOELRETSH Y, BT HPFOSIREATE L < U, PFBA, PFBS, PRNARIE 6 21k ) KB > 12,
substances in fishery employees  this paper, we present a comprehensive exposure assessment of PFASs i fishery employees from Tangxun Lake, Liang, Yong; Caf, Yaqi Apr PFNA Tangaon#) - HEH: BIOEEH G 554, 5,54, 4.00~69, EMEFH ORI 158,087, -0.06~3.22 CORABMOMIEEOREAEH SN 1,
from Tangxun lake, china. China. Exceptionally high serum cancenirations of Cé to C12 PFASs were observed in fishery employees (n = 30, 1:48(7):3864-74 PFBS  Tanguun DI 27y R~ PFHXADT, shikfs, 95%CI
median perfluoraoctanesulfonic acid (PFOS) 10 400 ng/mL) compared to a reference group from the same city (n = 9, doi: H—OEEMANTE HEGEHH: 041,028, 0.10~0.73
median PFOS 18.7 ng/mL). On the basis of the comparison of different exposure pathways, it was concluded that 10.1021/es40574 - B0 B Tangsuni#i 530km PENAG TS, S5, 96%CI
contaminated fish from Tangxun Lake was the primary source of PFAS exposure to fishery employees, and there was a 67. Epub 2014 DERIEE FULOEEH: 078, 0,69, 0.5~1.00, MEIEHH: 7.88, 1.70, 6.53~0.23, EUBH ORI 203, 173, 119~
positive association between serum PFAS concentrations and time of employment in the fishery. PFOS isomer profiles Mar 1. RS (BEIBA, KA. % 2586
in fishery employees showed a significantly higher proportion of linear PFOS (78.4%) compared to the background- DRI (BHIA, KE6A), BIORE PFBSOI, shiRfE, 95%CI
exposed reference group (66.8%), reflecting the highly linear PFOS isomer profile (>90%) of lake fish. Median renal HEA, KHAA) FULOBEHR: 012,012, HEMEHH: 103,113, 116-260, REEHHORE: 234, 234, -5.03~9.71
clearance rates (CLrenal) of C4 to C10 perfluoroalkyl carboxylic acids (PFCAS) and perfluoroalkanesulfonic acids ReROPFASIIE
(PFSAS) ranged from 0.020 to 16.5 mL/day/ke and 0.013 to 9.43 mL/day/ke, respectively. PFCAs with less than eight PFBAFH, A4S, 95%CI
perfluoroalkyl carbons were primarily eliminated via urine, whereas other rautes of excretion may have contributed to FULOBEH: 625, 54.6, 32.0~93.0, AEIEHE: 1340, 937, 938-1750, LEEHE DRIE: 334, 286, 106~562
the elimination for long-chain PFCAS and PFSAs. Calculated daily PFOS exposures of fishery employees significantly PFHXADT, shikff, 95%CI
exceeded tolerable daily intake limits, but elinical bloodchemistry parameters were mostly within normal reference FAOBEE: 118,118, 353~580, ARMHE: 500,466, 368~631, RELHFHORE 135135~
ranges. However, additional epidemiological studies are needed to address potential associations between PFAS PNAD TS, S5, 96%CI
exposure and health effects in the Tangxun Lake area. RIS 234,194, 163~305, MRESEOR: 131,131~
PFBSOI, shikfe, 95%CI
FULORBEH: 284,284, - -, JAEGHH: 3550, 1570, 2130~4960, HKGEHH DRI 345, 246, -187~876
371 ssAFE=% The C8 health project: design, BACKGROUND: The C8 Health Project was created, authorized, and funded as part of the settlement agreement 2009 Frisbee, Stephanie J; Brooks, A Environ Health 20049206 PFHxA  02: S KE (Yx C8 Health Projectd&/I#69,030A  2005%~2006% (% MFEPOPFASEE (ng/mL) - MFPFANE I, LETHRE & NANHANESD F— & £ HBLTT3% MM = 72, C8 study B A
U7 methods, and participants. reached in the case of Jack W. Leach, et al. v. E.I. du Pont de Nemours & Company (no. 01-C-608 W.Va., Wood County Paul Jr; Maher, Arthur; Perspect. 2009 PFNA Ak BREF S A ZTH. AnAFMD - RIS RBE, it i y -3 Fzo
Circuit Court, filed 10 April 2002). The settlement stemmed from the perfluorooctanoic acid (PFOA, or C8) Flensborg, Patsy; Arnold, Susan; Dec;117(12):187 ST, A FEokiEIZ1950-20044 128 £ TOHIRE. PFHXA®D ¥4, hRfl, BFAFH, SD
contamination of drinking water in six water districts in two states near the DuPont Washington Works facility near Fletcher, Tony; Steenland, Kyle;  3-82. doi: NAFH)  IK12n AU EREI AL #:08, 05, 05, 1.0
Parkersburg, West Virginia. OBJECTIVES: This study reports on the methods and results from the C8 Health Project, a Shankar, Anoop; Knox, Sarah S;  10.1289/ehp.080 - FHEH: 39.1219.95 $14: 09,06, 06, 1.2
population study created to gather data that would allow class members to know their own PFOA levels and permit Pollard, Cecil; Halverson, Joel A;  0379. Epub 2009 £4:09, 05, 0.6, 11
subsequent epidemiologic investigations. METHODS: Final study participation was 69,030, enrolled over a 13-month Vieira, Verénica M; Jin, Jul 13,
period in 2005-2006. Extensive data were collected, including demographic data, medical diagnoses (both self-report Chuanfang; Leyden, Kevin M; PFNADFH, hRfl, #TFH, SD
and medical records review), clinical laboratory testing, and determination of serum concentrations of 10 Ducatman, Alan M #if: 15, 13, 1.3, 08
perfluorocarbons (PFCs). Here we describe the processes used to collect, validate, and store these health data. We B 17, 15 15, 09
also describe survey participants and their serum PFC levels. RESULTS: The population geometric mean for serum 2516, 14, 14, 09
PFOA was 32.91 ng/mL, 500% higher than previously reported for a representative American population. Serum
for sulfonate and acid were elevated 39% and 73% respectively,
whereas perfluorooctanesulfonate was present at levels similar to those in the U.S. population. CONCLUSIONS: This
largest known population study of community PFC exposure permits new evaluations ofassociations between PFOA, in
particular, and a range of health parameters. These will contribute to understanding of the biology of PFC exposure.
The C8 Health Project also represents an unprecedented effort to gather basic data on an exposed population; its
achievements and limitations can inform future legal settlements for populations exposed to environmental
contaminants.
387 /SAAE=% Elevated levels of perfluoroalkyl  The exposure pathways of perfluoroalkyl acids (PFAAS) to humans are still not clear because of the complex living 2015 Fu, Jianjie; Gao, Yan; Wang, SciRep.2015 25791573 PFHxA  02: @S #E Gt  #AD7 v RLLRERROMIK 20115128~ M3 (1=58), HE(1=38). & MFHPFESEEDFL: 22.7 ng/mL EMBETTLCL Y HRENLHE, STHNT. AFENLLPFASREOREIBRRE  S%: Table 2 <axvts B A
D7 acids in family members of environment, and few studies have investigated the bi behaviour of different PFAAS in Thanh; Liang, Yong; Zhang,  Mar 20:5:9313 PENA ) LY2 2012 FEMFO=15) WEA  RBSPFBSEEOT: 7.02 ng/mL - ZOBXORL EELEHL, TBSEHOTANESRIN RSB > LPFBSH b —ANFA Ty RS
accupationally exposed workers:  humans. In this study, serum, dust, duplicate diet, and other matrices were collected around a manufacturing plant in Aigian; Wang, Yawei; liang,  dof: PFES - 7 RSP UERROERBORIE (n=6). RR(=9), F B (ng/day/ke body) FACRELLRFS S A TLROBRETH 1T L (Table ST, ZO7s, TESMEDKRIHEL
the importance of dust transfer. China, and homologous series of PFAAs were analysed. PFAA levels in dust and serum of local residents in this area Guibin 10.1038/srep093 - —HERGIER) (n=15) 7 v RIEPRSHROURER: 921 7-PFBSHEEDBR TREICBITLALERLTV S, Lo L, PFBSORFMAGE 20, MEREER
were considerably higher than those in non-polluted area. Although dietary intake was the major exposure pathway in 13. REBORE+ —MIER: 1.64 PFOS, PFOAZ EICRTEL C{BH 72,
the present study, dust ingestion played an important role in this case. Serum PFAAs in local residents was B ORK: 4.09
significantly correlated with dust PFAAs levels in their living or working microenvironment. Serum PFAAs and dust —MER: 0.593
PFAAs were significantly higher in family members of occupational workers (FM) than in ordinary residents (OR) (p <
0.01). After a careful analysis of the PFAAs exposure pathway, a potential pathway in addition to direct dust ingestion 2T (ng/day/kg body)
was suggested: PFAAs might transferred from occupational worker's clothes to dinners via cooking processes. The 7 v RIEPREEROUESR: 67.3
bioaccumulative potential of PFHxS and PFOS were higher than other PFAAs, which suggested a substantial HEBORE+ —MIER: 0.065
difference between the ability of sulfonic acids and carboxylic acids. EEBORIK: 0.069
—MER: 0.068
#H(ng/day/kg body)
7 FRPUERROUEE: 440
HREORIE+ —RIER: 270
HRBRORIE: 440
—MER: 52.1
400 /{4 +E=4% Airborne Precursors Predict Human exposure to persistent perfluoroalkyl acids (PFAAs), including perfluorooctanoic acid (PFOA), 2017 Makey, Colleen M; Webster, Environ Sci 28535063 PFNA 02: NFHE (8 Sy —ERICRET R - % MmE (n=152). fia ] &l (ng/mL) RENZES L UHERO PFNAIL, HERSTERLEETACELTNE PFNARE 0EBLFARF TH 7. MEPPFNA £ <X b> B A
U Maternal Serum Acid ic acid (PFNA), and (PFOS), can occur directly from contaminated food, Thomas F; Martin, Jonathan W; ~ Technol. 2017 Jul ¥ o —si=) 148+0.7:8)152A (n=140), REAOZES BT 0.59, BT #%:0.034, 95%fSHXA: 0.54~0.65 BEICRVEEHOHZBBREERALLBE L, &AL LTEDRESNH b (8=0.60. p=0.094), - FTOHIRA THE & N TPFOA, PENAICZIRE WS B, ZOHEE. ENZRHOFTOHRE L MEPFNAR
Concentrations. ‘water, air, and dust. However, precursors to PFAAs (PreFAAs), such as dipolyfluoroalkyl phosphates (diPAPs), Shoeib, Mahiba; Harner, Tom; 5:51(13):7667- (n=59) E Bt B L ENDTRLASHER, 1L, TANER. ERHEROPFNARE & MEPFNARE &
alcohols (FTOHs), (FOSAs), and (FOSES), which can be Dix-Cooper, Linda; Webster, 7675. doi: RENZSROPFNARE (pg/m’) DO ERI USRI B L
biotransformed to PFAAs, may also be a source of exposure. PFAAs were analyzed in 50 maternal sera samples Glenys M 10.1021/acs.est. WETE: 15, WAMERE: 10, 95%(SHIKA: 0.37~5.9
collected in 2007-2008 from participants in Vancouver, Canada, while PFAAs and PreFAAs were measured in matching 7b00615. Epub
samples of residential bedroom air collected by passive sampler and in sieved vacuum dust (<150 4 m). 2017 Jun 13, BBEOBEDDOPFNARE (ng/g)
Concentrations of PreFAAs were higher than for PFAAs in air and dust. Positive associations were discovered between WA 0,71, ST 033, 95%SHRM: 0.28~1.8
airborne 10:2 FTOH and serum PFOA and PFNA and between airborne MeFOSE and serum PFOS. On average, serum
PFOS concentrations were 2.3 ng/mL (95%Cl: 0.40, 4.3) higher in participants with airborne MeFOSE concentrations in
the highest tertile relative to the lowest tertile. Among all PFAAs, only PFNA in air and vacuum dust predicted serum
PFNA. Results suggest that airborne PFAA precursors were a source of PFOA, PFNA, and PFOS exposure in this
419 /S FE=% Human placental transfer of Perfluoroalkyl acids (PFAAs) precursors, the indirect source of PFAA exposure, have been observed in environmental 2016 Yang, Lin; Wang, Zhen; Shi, Yu;  Chemosphere. 26517392 PFNA 0z BOADIER & & DFFERSON 20094 B WBOMEY > T (B4omEFPFNARE] - - 15K D PFAARTEL & WTHHT B A
U7 perfluoroalkyl acid precursors: and human samples. However, the maternal-fetal transfer of these chemicals has not been well examined. In this Li, Jingguang; Wang, Yuxin; 2016 - BHOEEH () LODLAE DR HE © 100%
Levels and profiles in paired study, 50 paired maternal and cord serum samples collected in Jiangsu province of China were analyzed for fifteen Zhao, Yunfeng; Wu, Yongning; Feb;144:1631-8. 26.0 + 3.7 (21.0-41.0) FH{E+SD : 0.59%0.24 <AAV >
maternal and cord serum PFAA precursors. Among the detected PFAAs, 6:2 fluorotelomer sulfonate (6:2 FTS), N-methyl- and N-ethyl- Cai, Zongwei doi: - BLROKR R{E 055 (0.16~1.24) © ZORRBBFOMFEFOPFASHEGICHAEBLTL 20T, PFNARELAOHERIZIZEA LR L.
perfluorooctanesulfonamidoacetates had comparable detection rate in both maternal and cord sera, while the mean 10.1016/j.chemo B1£26 (52%)
concentrations and detection rates of 8:2 FTS and perfluorooctane sulfonamide (PFOSA) were higher in maternal sera sphere.2015.10.0 LiE24 (48%) (B R PFNAKE]
compared to cord sera (Mann-Whitney U test, P < 0.05). Analysis of variance and least significant difference tests 63. Epub 2015 - HERGE (g) LODLAE DR HE © 100%
showed that the youngest maternal age group (21-24 years old) had the highest concentration of 6:2 FTS in cord sera. Oct 28. 3440 + 367 (2600-4300) FH{E+SD : 0.35%0.18
Maternal serum PFOSA was found significantly correlated with the cord serum perfluorooctanesulfonate (PFOS) - HEROHER (cm) H5E : 0.35 (0.069~0.83)
(Spearman test, r = 0.361, P = 0.010), indicating that maternal serum PFOSA might be an indirect source of PFOS in 49.7 = 2.1 (45.0-55.0) r=0.894 p<0.001
fetuses. The obtained results suggested the potential prenatal exposure and human placental transfer of perfluoroalkyl - BHOBEHER
acid precursars, 0 (mE) a4 (e8%)
21%5E (B5) 6 (12%)
RTTOREEM ()
1682124 (12 A~01%)
-m
FEEHA (82%)
TiBsEE2 (%)
273 (6%)
474 ABHE 6%)
F752—102%)
426 /84 +E=% Shifting global exposures to poly-  Rapid declines in legacy poly- and perfluoroalkyl substances (PFASs) have been reported in human populations 2018 Dassuncao, C.; Hu, X. C.; Nielsen, Environ Sci 29516726 PFBA 0z ZxA—5 199354 520124 & TOHERE IR 19935 ~20124 MiF Rversion 3.33.# AL THEE# @R L. PFASORISHIARICHT 2 MRLERET Y ¥ /O - - I, 198744 H2013E 12401 TOE > AELTHY. A
U7 and perfluoroalkyl substances globally following changes in production since 2000 However, changes in exposure sources are not well understood. F.; Weihe, P.; Grandjean, P.; Technol. 2018 PFHxA & (kXE (K- F1-3-5) HFT &2 3PFBA,PFBS PFHXA IR IHSAE A BN o fofo b, REROWE AL EADFEL b OPFASREZHE
(PFASs) evident in longitudinal Here, we report serum concentrations of 19 PFASs (X 19PFAS) measured in children between 1993 and 2012 from a Sunderland, E. M. Mar PFNA EORER K- b THR~14ROBICHA. (Table1) - EEEEERE RES N EEAR (He) HEEEMLT, BROEAMBROZLLBE
birth cohorts from a seafood- North Atlantic fishing community (Faroe Islands). Median X 19PFAS concentrations in children (ages 44694 years) 20;52(6):3738- PFBS 150) s ak—h1 * 20005 ~2013% DR OPFASEENE(LE - 19 DPFASZ 5347
consuming population peaked in 2000 (47.7 ng mL-1) and declined significantly by 0.144 year-1 until 2012 Principal component analysis 3747. doi: 198644 £ W/ RBSOAH, T PFNA : - 1.1% (p=0.019)
(PCA) identified two groups of PFASs that likely reflect exposures from diverse consumer products and a third group 10.1021/acs.est. (1993%) RU145 (20004) DEFIC <AAV >
that consisted of perfluorocarboxylic acids (PFCAs) with nine or more carbons (C = 9). These C = 9 PFASs are strongly 7b06044. Epub 2 TR, - E#H T OPFASEEOE(LE - PFOSIZETIRA LA, M B b BEAIRREE ( 2 7 —H—) ORI P L THE
associated with mercury in children's hair, a well-established proxy for seafood consumption, especially 2018 Mar 12. s ak— b3 PFNA : - 2.8% (p=0.59) mLtz.
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(PFOS) was the predominant PFAS in serum for this study group. On a median level, perfluorooctanoate (PFOA)
contributed most to the total estimated daily intake of PFAAs, with a median intake of 280 (range: 72-1810) pgrkg bw(-
1)-day(-1), covering both direct and indirect (precursors) exposure. Out of this, only 3% (range: <1-48%) of the total
PFOA intake came from indirect exposure. Dietary exposure from ingestion of food and drinks was in general the
predominant exposure pathway, followed by exposure from ingestion of house dust, inhalation of indoor air, and dermal
absorption, but considerable variations were observed among individuals. House dust ingestion and indoor air
inhalation contributed most to the total intakes for some participants, for which most of them were among the 20%
participants with the highest total estimated intakes. Some statistical significant associations between concentrations
of PFASs measured in serum and estimated intakes wereobserved. Measured serum concentrations and modelled
serum concentrations based on external exposure estimates were in the same order of magnitude for PFOS, PFHXS,
PFOA, and PFNA, but only PFOA concentrations were comparable, 1.9 and 2.0 ng mL(-1) for observed and modelled
serum concentrations, respectively. The estimated daily intakes of PFASs in this study were lower than the health-
based guidance values, e.g. the tolerable weekly intakes derived by EFSA. This study underlines the importance of

performing studies considering multiple exposure pathways on an individual basis.

8.

(NI REZ +POPFASEE (ng/day)] (TableS2) <aAAvE>

Floor dust Elevated surface dust Vacuum bag dust - SRICHFEROPFASEBOFSEA B, BAILE > THERBE. ENZSH 5 OEROFSEL I
PRE BME BAE PRE BOME BKAE PRE SME BKE WICHNBEELH 2. PANAILOLTHREL G THC, EABELEAZI D SOEMbH 72,
PFBS <DF <DF <DF
PFHXA 020 002 41 017 002 22 002 002 20
PFNA 010 0001 188 014 0001 14 004 0001 94
[ERZRBOPFASEE (ng/day)]  (TableS2)

PRE BME BAE
PFBS NA
PFHXA NA
PFNA  NA

(5234 (hand wipe samples) DPFASIREE (ng/day)] (TableS2)
PRE BOME BAME

PFBS <DF

PFHXA <DF

PFNA 0003 0003 017
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421 /SAAE=5 s the fresh water fish consumption PFAS are man-made compounds that are highly spread in the environment, Human dietary exposure to such 2014 Denys, Sébastien; Fraize- Toxicol Lett. 25091270 PFNA 02: @A 77 R -6 RGN (G, B, M PR WL 20085 % HoAROF ) A5 5PFNAILS FEE (ng/mL) - EECEEEN 3
yyy & significant determinant of the  contaminants is of high concern as they may accumulate in the food chain. Different studies already demonstrated the Frontier, Sandrine; Moussa, 2014 Dec s W) SRERH B Y, 0 RFER BT (1IC95%] FFFL (SD) i@ P75 P9S RME kMl () sk fE KBS HET BTN 5 2 REONBRBRERETH 2 &
internal exposure to importance of the fish consumption in the dietary exposure of these molecules and the potential increase of internal Oumar; Le Bizec, Bruno; Veyrand, 1;231(2):233-8. TLBI8HH STSHOATEA, 14113 15) 16 09) 13 18 35 02 8 (i) BokTHE & N ROKEAPFASONBRBRORBELRERT THBHE I PEROAITET L
perfluoroalkylated substances doses of PFAS following the consumption of PFAS. However, so far few study aimed to study the link between the Bruno; Volatier, Jean-Luc doi:
(PFAS)? consumption of fresh water fishes and the internal exposure to PFAS. Objectives of this study were () to estimate the 10.1016/j toxlet.2 FHOTEEER L APFNAMESRIE (ng/mL) <axvb>
internal exposure of populations that are potentially high consumers of fresh water fishes and (i to determine 014.07.028. Epub 18~44# : #TFH [1095%]: 1.3 [1.2: 1.4] - POKBEWET B8 ADMEPFASRED 55, PENAIZPFOS, PFOA, PFHXSIRUTA LR TR S 1L
whether the consumption of fish caught from fresh water is a significant determinant of the internal exposure of PFAS. 2014 Aug 1. A5 © BT (1C95%): 15 [1.4; 1.6) o
In this work, a large sample of adult freshwater anglers from the French metropolitan population (478 individuals) was p=0015
constituted randomly from participants lists of anglers provided social and
information and diet information for each subject. In addition, analyses of blood serum samples provided the internal Hols )12 1= PFNATIE o8 B O£ F 4918 1C95%) (ng/mL)
concentration of 14 PFAS. The survey design allowed to extrapolate the data obtained on the 478 individuals to the n7—wil (1=99) :13[12:14]
freshwater angler population. Descriptive data regarding internal levels of PFAS were discussed at the population a-2JIl (1=129) :17[15;19)
level, whereas identification of the determinants were done at the 478 individuals level as sufficient contrast was VYAl (1=32) 12 (11 14]
required in terms of fresh water fish consumption. Only molecules for which the detection frequency were above 80% FYE—ENI (n=114) : 14 (12 16]
in blood were considered, i, PFOS, PFOAPFHS, PFNA, PFHpS, and PFDA. Distribution profiles showed log-normal =3Il (n=55) :1.1[1.0;13]
distribution and PFOS and PFOA were the main contributors of the PFAS sum. For PFOS, the results obtained on the Har R (1=49) 11412 16]
478 individuals showed that upper percentiles were higher as compared to upper percentiles obtained on occidental p=0.0010
general population. This confirmed an over-exposure of  fraction of the 478 individuals. Though, when the results
were considered at the population level, the values were close. This was attributed to the low consumption frequency BEATONCKEE 5 F F O—BEFI 51 BPFNAORFITE (ng/mL)
of fresh water fish in the general population. For PFOS, PFNA, PFHS, PFHpS and PFDA, the fresh water fish HE (NHANES, n=7816, 2008%) : 1.489 (95th percentile: 4)
consumption was identified as one of the contributors of interal PFAS concentrations. Gender, age, geographical #7545 (ECMS, n=2880, 2007-20004) : NA (95th percentile: NA)
location and consumption of home-grown products as other determinants were also discussed in this paper.
420 /<44 E=4% Occupational exposure to airborne  The concentration levels of 11 perfluorinated carboxylic (PFCA) and eight sulfonic (PFSA) acids were determined in the 2010 Freberg, Baard Ingegerdsson;  Environ Sci 20831156 PFBA 02: @A /ATz— FADRF—7y 7 AMAOREIS  2008%~2000% MR (Table)fu# e PFASEE D S — X > BIEERRE (ng/mL) - PENAG RIS < BEH E M3 REICABAIREN S b, 1L~ L7 F 0 AR B (PFCA) & STRM 2L > B (PFSA) iR & AE 8
yyy perfluorinated compounds during  serum of 13 professional ski waxers. The same components were also determined in workroom erosols and in fluoro Haug, Line Sméstuen; Olsen,  Technol. 2010 PFHIA Ao @2008%3F ¥—Xv | KT IO LT F B AL (PFCA) OEDER, HERRORS k> TUFRIEELLTS Y, MENCERSATUAL | - WREKE, RF—7 7 200 5175 WEREC 51 2PFASOMFREEMET 52 £ THB
professional ski waxing. containing solid ski waxes and ski wax powders. The highest median concentration (50 ng/mL) was detected for Reymond; Daze, Hanne Line;  Oct PFNA Tk © 40.68 (28.3~52.9%) @2008F3F ~—X» | Of PFBAIND (fEE ND~3.7) Y= X AT RS 1| = X B E TOREH AROEDEAPENARIES > 1,
perfluorooctanoic acid (PFOA), which is around 25 times higher than the background level. For the first time Hersson, Merete; Thomsen, 1:44(19):7723-8, WIE : FHTE (2~135) TH PFHXA: 0.08  (#E ND~0.31) - PRHOADEMIEF— 2 27\, LTINS S & & ARES Nt <axvb>
perfluorotetradecanoic acid (PFTeDA) has been found in human serum. Positive statistically significant associations Cathrine; Thorud, Syvert; Becher, doi: @2008F10A/11F »—X  PFNA:13  (G6E 3.6~37) - PFBAQ AR AR T2 5 * MHPFHXARE ERDRF > — X & TIRBECHD LA, MAPFNARERIZL AL LED > 1,
between years exposed as ski waxer and seven different PFCAS were observed. The serum concentrations of the Georg; Molander, Paal; Ellingsen,  10.1021/es10203 > DR @2008F10/115  »—X> Il K485 RE—7 5 5 ATEENE PR AN EHD) h5 23]
PFCAs with carbon chain lengths from C(8) to C(1) were reduced by around five to 20% on average during the eight Dag G 3 @2009%3F ~—X» Il of PFBAIND  (iEE ND~ND) LHBOTHLELH?
month exposure free interval, whereas the reduction was substantially larger when the carbon chain lengths were TH PFHxA 1ND (& ND~ND)
smaller than C(8) or larger than C(11). This study links for the first time PFCAS in the ski waxers serum to exposure DIEH Y TIRIML Fe PFNA 13 (fEE 3.3~38)
from the work room aerosols. Not only professional ski waxers but also the significant larger group of amateur skiers GR009%3F - XV IKETE
and waxers are potentially exposed to these compounds. PFBA: ND (8 ND~54)
PFHXA :ND  (§F ND~ND)
PFNA: 12 (85 3.9~33)
—~@IHES NEEOFS 2, PFNA (p=029) &ML THEICED L1,
—PFHXALE, DTTADHIRE CERRR (L0Q) £ L1, @F TTLOQMTIHA Lz
432 <44 E=5 Exposure to per- and Releases of aqueous film-forming foams (AFFFs) from airport firefighting activities have been identified as important 2016 Hansen, Solrunn; Vestergren,  Environ Int. 2016 27286038 PFNA 02: @A | /nTz— DA~GOMDEITAD > b, WEDHK 20125~20145% - Mk (Table DROHES L —TRID € | MFFPINARE (ng/mL) - - EEOBNEDD S E N, PFASE R LAY 4 L ARSI (AFFF) 0F = # B
yyy polyfluoroalkyl substances through local point sources of per- and polyfluoroalkyl substances (PFASs) in nearby waterways. PFASs can be taken up by Robin; Herzke, Dorte; Melhus,  Sepi94:272-282 PFHXA A~ RSB S NAKIET 4 VLTS BRI E ST B HPFHAA IR & N B > D TF— 27 L DEME € FOMAPFASEIE L OEEEE
the consumption of fish from lakes  fish, and in turn by the humans that consume them. Despite the global extent of AFFF emissions, few studies exist on Marita; Evenset, Anita; Hanssen, doi: WK Gtk (AFFF) OREERIEE (5 + SEEIE (1=15)
affected by aqueous film-forming  related impacts on humans. We aimed to investigate the associations between the consumption of fish from AFFF- Linda; Brustad, Magritt; 10.1016/j.envint. TTrRR T Rk RE) OROBERLTL REITH 0.8 - WHTH 1 0.95 - P0=0.30 - P50=0.80 - PI0=1.88 <axvb>
foam emissions - A combined affected waters and serum PFAS concentrations in humans using a combination of statistical tools, empirical data, and Sandanger, Torkjel M 2016.05.030. ERALR #5AA - {EERE (n=27) - PKROBIRESS LE EMEPFNARE A LR L L OHETHA A, EROEERS L, ZOEREYT
epidemiological and exposure toxicokinetic modeling. Participants of the SAMINOR 2 Clinical Study were the basis for this study sample, which Epub 2016 Jun 7. WRA—> @FHoki > OERA L EES LA BT 075 - HiFL 1093 - PL0=025 - P50=082 - PI0=163 5%,
modeling approach. The SAMINOR  comprised 74 persons. Fifty-nine participants who reported consuming fish from AFFF-affected waters and 15 DI - PIREEIE (n=16)
2 Clinical Study. nonconsumers completed a questionnaire and gave serum samples. Participants were classified based on their *® @FRABMON C SEDIOA (32~79 BRI : 0.87 - HHFH 099 - PL0=036 - P50=0.79 - PI0=169
consumption of trout and char: high (n=16), moderate (n=16), low (n=27), and nonconsumers (n=15); and serum i EEESA, FEHEESA) - BEE (n=16)
samples were tested for the presence of 15 PFASs. Perfluorooctane sulfonic acid (PFOS) was found in all participants, REITH 157 - BATY 218+ PL0-058 - PSO=172 - PI0=522
with the highest detected in the high group (geometric means, 28ng/mL) compared to the ERO~@OBHTA —PFNAREE 0D PR 1N H
low consumption group and nonconsumers (10 and 11ng/mL, respectively). In an analysis of variance contrast model, a - BRI RO (BE5FR
significant, positive increasing trend was seen for fish consumption and PFOS, perfluorohexane sulfonic acid (PFHxS), FRAEOBEBERLTOAL) (Table 52/S3)#DPFASE (ng/e)
and perfluorononanoic acid (PFNA). Toxicokinetic modeling allowed us to predict the median increases in serum 150 PFNA: Z#kid <LOD~0.15
concentrations of PFOS, PFHXS, and PFNA among highconsumers within a factor of 2.2. The combination of statistical - (SRR GBRIERICA 7F E 10 oL 0.1~239
evaluation and toxicokinetic modeling clearly demonstrated a positive relationship between consumption of fish from < REBIRLUEER) :27A PFHXA  ikisl B FIRIELLT
AFFF-affected waters and serum PFAS concentrations. Further studies on dietary exposure to other PFASs present in - AR (BREIEMIA7FE BHokis <LOD~0.11
AFFF and its consequences on human health are warranted £ REAI~2RIER 164 7 # B f S, ERRE SETBEFME N, BEWE L EERE ORISR
- BEE GBRIERICA 7F E 10 GEFEREBLEFHE AL,
< 2% A2ELEER) (164
LN ON
FAEEIZSTH (BE32-79, hRiE
58.5)
433 /44 E=% Characterisation of human Commercially used per- and polyfluorinated compounds (PFCs) have been widely detected in humans, but the sources 2011 Haug, L. S.; Huber, S, Becher,  Environ Int. 2011 21334069 PFNA 02: Inr— sy z— NEEALA 20074~20085F - EEALAYRXALEE | [PFNAQMIFEDEE (ng/mL)]  (Table S6) - CREF, REK, BE. EAZIOMEEBEAD SPFCsEH < BLL L FOMBRE L OB E, BAOE B
yyy exposure pathways to of human exposure are not fully characterized. The objectives of this study were to assess the relative importance of G.; Thomsen, C. May;37(4):687- DA RO FHES (1=41) 3678 AZRDY TN F9:064 BAMEI028 25th:049 50th:063 75th:073 MPERER, NTRLR FHSIECRLA L SOAROPFCII BREHH
perfluorinated compounds-- different exposure pathways of PFC in a group of Norwegians and compare estimated intakes with interal doses 93. doi: i FAEE (1=41) 1 6.5 kg - i BAM 13 LOQUUEDY Y T 4] n=d1
Comparing exposure estimates with obtained through biomonitoring, Individual PFC intakes from multiple exposure sources for a study group of 41 10.1016/j.envint. FHOBER (1=35) : LTA - B
biomarkers of exposure Norwegian women were estimated using measured PFC concentrations in indoor air and house dust as well as 2011.01.011 FUOES (1=35) 1 338 [PFNAD IR & ERE N1 EH & OBIRIH T SRTEEF L LHEEFA] (Table ST)
information from food frequency questionnaires and PFC concentrations in Norwegian food. Food was generally the Epub 2011 Feb AR (1=35) 1 254 A HEWEEFL  QOEREEFE T, PPNARE & BNEHE OB ETHT 5 EFL
major exposure source, representing 67-84% of the median total intake for PFOA and 88-99% for PFOS using different 18 RiEICRILLTH > OB (1=35)= HEBETL  HOEH (RER) EEMLT, PINARE & BN E OBISIEE & Y FRICHET2 T 70
dust ingestion rates and biotransformation factors of precursor’ compounds. However, on an individual basis, the 21558 - E OB RP=0.004 (FBEEFL L0001, EEEFL L =0000) —HEE OEEERL
indoor environment accounted for up to around 0.5 of the total intake for several women. Significant positive - EHE OB : RP=0.064 (FEETFL L0009, EEEFLE=0000) ~HEERALABEFRDND
associations between concentrations of PFCs in house dust and the corresponding serum concentrations underline
the importance of indoor environment as an exposure pathway for PFCs. For breast-fed infants, breast milk was
calculated to be the single most important source to PFCs by fer. The estimated intakes were confirmed by
comparingserum concentrations of PFOA and PFOS calculated using PK models, with the corresponding
concentrations measured in serum. Even though food in general is the major source of exposure for PFCs, the indoor
environment may be an important contributor to human exposure. This study provides valuable knowledge for risk
440 /<{AE=%  Temporal trends of perfluoroalkyl  Perfluoroalkyl acids (PFAAs) are persistent organic pollutants that are used in a wide range of consumer products. 2013 Okada, Emiko; Kashino, lkuko;  Environ Int. 2013 24013022 PFHxA 01:EA  dbimE 3 HT, SENRY ¥:3 ¢ H2011F AT SIREL 1| (ng/mL) 1 (Table3) - * 20035 ~20115 DR THRMNER £ T 5 L DB THON 25— PR B
yyy acids in plasma samples of Recent epidemiological studies have shown that prenatal exposure to toxic levels of PFAAs in the environment may Matsuura, Hideyuki; Sasaki,  Oct;60:89-96. PFNA 2003%, 2005%, 2007%, 2009%, PFHXA
pregnant women in Hokkaido, adversely affect fetal growth and humoral immune response in infants and children. Here we have characterized levels Seiko; Miyashita, Chiniro; doi: 20115 THDAFOOE0A £ ks () BE T (SD) 25th 50th T5th EEFH (95%C) p <axvb>
Japan, 2003-2011 of prenatal exposure to PFAA between 2003 and 2011 in Hokkaido, Japan, by measuring PFAA concentrations in Yamarmoto, Jun; lkeno, Tamiko; 10,1016/} envint. T =303+ 481 2003 8 (267) <01-0.16 <01 - <01 <01011 <01 - - * PFOS, PFOA, PFHXSIREI = 0 8 ERITHAEAITH 3 (PFASHME T TISRA) OIH L, PFNAHM
plasima samples from pregnant women. The study population comprised 150 women who enrolled in a prospective Hto, Yoichi M; Matsumura, Toru;  2013.07.013 2005 5 (167) <01-014 <01 - <01 <01 <01 <01 - ATHH T L HEE,
birth cohort study conducted in Hokkaido. Eleven PFAAS were measured in materal plasma samples using Tamakoshi, Akiko; Kishi, Reiko  Epub 2013 Sep 2007 1 (33) <01-012 <01 - <01 <01 <0.1 <0.1 -
analysis by ul liquid coupled to triple quadrupole tandem mass 3 2009 0 (0 <01-<01 <01 - <01 <01 <01 <01 -
spectrometry. At the end of the study, in 2011, age- and parity-adjusted mean of acid 2011 6 (20) <0.1-013 <01 - <01 <01 <0.1 <0.1 -
(PFOA), acid (PFNA), p acid (PFDA), acid (PFUNDA),
acid (PFDODA), acid (PFTIDA), sulfonate (PFHxS), and PFNA
perfluorooctane sulfonate (PFOS) were 1.35ng/mL, 1.26ng/mL, 0.66ng/mL, 1.29ng/mL, 0.25ng/mL, 0.33ng/mL, & k() BE T (SD) 25th 50th T5th EEFH (95%C) p
0.28ng/mL, and 3.86ng/mL, respectively. Whereas PFOS and PFOA concentrations declined 8.4%/y and 3.1%/y, 2003 30 (100) 0.41-3.14 113 (066) 072 0.92 114 098  084-113 <0001
respectively, PFNA and PFDA levels increased 4.7%/y and 2.4%/y, respectively, between 2003 and 2011. PFUNDA, 2005 30 (100) 0.49-152 0.81 (0.25) 065 0.74 091 075  0.64-0.86
PFDODA, and PFTrDA were detected in the vast majority of materal samples, but no significant temporal trend was 2007 100) 0.57-6.74 131 (106) 090 119 133 111  0.96-1.28
apparent. Future studies must involve a larger population of pregnant women and their children to determine 2009 100) 042-357 132 (059) 0.98 124 145 120  104-139
theeffects of prenatal exposure to PFAA on health outcomes in infants and children 2011 30 (100) 0.60-254 134 (057) 082 126 173 126 107-148
442 sA+E=% Multiple pathways of human Exposure to PFASs may result in adverse health effects. This study aimed to characterise the exposure to PFASs from 2020 Poothong, Somrutai; Environ Int. 2020 31711019 PFNA 02: @A /uvr— 20R~66MOBA (BIEIGA. LIH45 20135~2014% - mF. M 20 (5 OPFASEE (ng/mL)]  (TableS2) [AFEROPFASEE (ng/day)] (Tables2) - PFSAs, PFCAs, PFPAs, PAPs, FOSAs, FOSEs. FTOHs® 7L —7(-EY 5 18EOPFAAS £ 12180 B
Uy exposure to poly- and perfluoroalkyl diet, house dust, indoor air, and dermal contact and the relative contribution from different external exposure Papadopoulou, Eleni; Padilla-Sa  Jan;134:105244. PFHXA RESIE NVN] - HEERDFTELUEAD PRE  BME  BAE [ e RELR ARBRAEAE (FFQ) PFAARTELGR AT &
substances (PFASs): From external pathways to human serum concentrations. Daily intakes of 18 perfluoroalkyl acids (PFAAS) and 12 PFAA precursors nchez, Juan Antonio; Thomsen,  doi: PFBS 15 B, NYRER PFBS 004  <MDL 020 PRfE BME BAME PRE BAME BAE BRE BME BAE - AELLEOENEDHHPINAREAEEISEA 272
exposure to human blood from diet, dust ingestion, inhalation of indoor air and dermal absorption were estimated using a comprehensive Cathrine; Haug, Line Smastuen  10.1016/j.envint. PFHxA <DF PFBS <DF NA NA S /NDz—EEROSNER, ABEENOBNEI LN TPENABENSC, Eho, BRA/ A0z —HE
dataset comprising 61 adults from the Oslo area, Norway. Concentrations of PFAAS and PFAA precursors in house 2019.105244. PFNA 094 PFHXA <DF 48 054 28 62 25 13 OB L, AREENOSROT LHBLI L &, PINABENH ot
dust, indoor air, hand wipes, foods and drinks were utilised to estimate the daily intakes. Perfluorooctanesulfonate Epub 2019 Nov PFNA  <DF 23 02 13 24 066 89 - PRHXADZ MR & &S ORIE O EOIEEARS SN, (=029, p<0.05)
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in source and treated drinking
waters of the United States

regulators, water treatment utilities, the general public and scientists. This study measured 17 PFAS in source and
treated water from 25 drinking water treatment plants (DWTPs) as part of a broader study of CECs in drinkingwater
across the United States. PFASwere quantitatively detected in all 50 samples, with summed concentrations of the 17
PFAS ranging from <1 ng/L to 1102 ng/L. Themedian total PFAS concentrationwas 21.4 ng/L in the source water and
19.5 ng/L in the treated drinking water. Comparing the total PFAS concentration in source and treated water at each
location, only five locations demonstrated statistically significant differences (i. e. P < 0.05) between the source and

ic acid (PFOA) and ic acid (PFOS) in the
treated drinking water are compared to the existing US Environmental Protection Agency's PFOA and PFOS

treated water. When the

drinkingwater heath advisory of 70 ng/L for each chemical or their sumone DWTP exceeded the threshold. Six of the
25 DWTPs were along twolarge rivers. The DWTPswithin each of the river systems had specific PFAS profiles, with the
three DWTPs from one river being dominated by PFOA, while three DWTPs on the second river were dominated by
perfluorobutyric acid (PFBA). Published by Elsevier B. V. This is an open access article under the CC BY-NC-ND
license.
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453 <A+ E=% Perfluoroalkyl acids in children and BACKGROUND: Perfluoroalkyl acids (PFAAs) are widely distributed in the environment and humans are globally 2015 Wilhelm, Michael; Wittsiepe, Ju  IntJ Hyg Environ 26212496 PFNA 02: @A  FAYD2 Tablel [Duisburg - M (EARZSE~43MNOR | [DuisburgthiE 24— ho451f 3PFNARE (ug/L)] (Table2) ~ Bochum & Duisburglit. 20065 1615 # & 75 > RPFAAIC RS N ERBI A LEER LTLS Z EAND > L liih SOFNIK | - BEREFL LY EEEE L SNA e & 5B
UPTd their mothers: Association with  exposed with them. Contaminated drinking water can considerably contribute to the inner exposure levels. rgen; Vlkel, Wolfgang; Fromme, - Health. 2015 PFBS Lo [Duisburgahi— b] BT LEE  F— b - ROBIN - B $Y7UN N<LOQ HifiF#) SD BME P50 P05 AL AT U TH D, o EBATEEND L, 16%E ot KA YEATES NABROT RPFNARE SRR
drinking water and time trends of  OBJECTIVES: We report the results of a human biomonitoring study with mother-child pairs living in two German Hermann; Kasper-Sonnenberg, ~ Oct;218(7):645- (Bochum: iz - FEAR # i) S ) 2Mm 104 <04 <04 <04 <04 <04 <04 <04 - TEEOPFAA (PFOS, PFOA, PFHxS, PFNA, PFBS. PFDeA. PFDOA)ASRIE S BHofe. BIEDWT, PINALBKERICIERIE & 5 s h o 7z (Table 3),
inner exposures--Results of the  cities, one city with PFAA contaminated drinking water in the sub 4 g/l-range (Bochum) and the other one without Monika 55. doi: BRMAD | - BEH (1=81) 1 316251 $i : 20006 & m# 83 81 <04 <04 <04 <04 <04 045 - PPNAGEERRS RIS b > THEIL, 20005 LA S BETHY . PINAOREER, 200055 52002
Duisburg birth cohort and Bochum  contamination (Duisburg). Furthermore, we studied time trends of exposure levels within the Duisburg cohort study. 10.1016/jijheh.2 T [Bochumaak— - S7EEEEE] 20025 12 2007-2008% (FSEEHTEE) M 112 0 0.4 <04 042 079 146 238 EDREN 5200751 52008F DRI F THD AL 7 (Table 3),
cohort studies METHODS: We measured seven PFAAs (PFOS, PFOA, PFHxS, PFNA, PFBS, PFDeA, PFDOoA) in blood samples by high 015.07.001. Epub /Duisburg: - B4 (1=326) : 39856 - B1ELHEE 12 2009-2010% (FTEIEHTEE) Mm% 101 6 0.70 <04 <04 068 100 159 - PFAASE BHIOEE (PFOS, PFOA, PFHXS, PFNA) & US~10B0/MED%E (PFOS, PFNA) k0
liquid and tandem mass Samples were taken during pregnancy, from 2015 Jul 9. Bochum (2 RN R EQBEA R & h . BRI L OB AR 547 (Table 3),
umbilical cord blood (2000-2002), 6-7 years (5th follow-up) and 8-10 years after birth (7th follow-up). The consumption &I Fr ) (PFBSIZLOQ%E FEI > TLefeth F— 24 L)
of drinking water was recorded by a standardized questionnaire. Statistical analyses were calculated with multiple 20004 £ 20024 <axvb>
linear regression models. RESULTS: Children and mothers from Bochum showed higher PFOS and PFOA plasma - ESELEHE - MEPFNABIEWE, B, BN E b (CERISEA 72 £ 4%, PFOS, PFOA, PFHXS & ERA > TLife,
concentrations than from Duisburg. The median concentrations (4 g/} for children were: PFOS 4.7 vs. 3.3; PFOA 6.0 120075~ LAl i tPFHXS E L < LI L 7o,
vs. 3.61g/1 (p=0.05). Consumption of >0.7 | (children) and >0.9 | (mothers) drinking water/day was associated with 20085
13-18% higher PFOS, PFOA and PFHxS concentrations in children (p <0.01), and 22% higher PFOA in mothers (p< [Duisburg&
0.05). Within the Duisburg cohort, PFAA levels in children peaked in the 5th follow-up study (medians (ug/): cord Bochum 34—
plasma: 2.7 (PFOS); 1.9 (PFOA); 5th follow-up: 3.6 (PFOS); 4.6 (PFOA); Tthfollow-up: 3.3 (PFOS); 3.6 (PFOA)). PFOS F1
concentrations in mothers declined from pregnancy to the 5th follow-up (medians: 8.7 vs. 4.0 4 g/l). CONCLUSION: - BIEEHE
Residents exposed to PFOS and PFOA through drinking water showed significantly higher PFOS and PFOA £ : 20095~
concentrations in blood plasma. Although PFAA concentrations in the children slightly decreased from the 5th to the 20105
7th follow-up, we detected increasing exposure trends with increasing age in the Tth follow-up,
454 SAAE=% Partl.Atemporal study of PFCAs A total of 420 human plasma samples from two cities (Halle and Manster, Germany), collected between 1982 and 2009, 2013 Yeung, Leo W Y; Robinson, Environ Sci 23484973 PFNA 02: @A KAYD2 n=420, BFH96ITH> TN 19826 ~2009% & MY > T - M FPFBSRME I SN h > 7o, - <axvb> 8
UPTd and their precursors in human were analyzed for a suite of PFCAs (C6-C12) and selected PFCA precursors (4:2-, 4:2/6:2-, 6:2-, 6:2/8:2-, 8:2-, Shona J; Koschorreck, Jan; Technol. 2013 PFBS o - Munster (n=270) 1982~1993% Rf + (81 Table S2)PFHxA X PFNADEE Di2EH Y, PENAIET~ T > 7L TERE A, 0200~2.7 ng/e. © 2005~20104 1A Tl MAPFOAREE (KR4 I L oA, PFNA, PFDAREER ERIEMERL A, L
plasma from two German cities  8:2/10:2-, and 10:2-diPAPs). PFCAs (C7-C11 and C13) were detected in over 80% of the samples (<0.005-39.4 ng/mL), Mabury, Scott A Apr PFHXA (Munster/H 1995%~2009% PFHXAIK10%BOY > L TEREN, <0.005~0.0998 ng/mL T -7z, BL. 2010FLURORRUE T ORI S DA SEL,
1982-2009. while C12 PFCA was detected in fewer than 10% of the samples. In a range of 10-46% of the samples, 4:2-, 4:2/6:2-, 16:47(8):3865- alle) ERI10% > 70 Q00BFDHIY > T - #PFCARIE OEIFHIIAR  Halle & I LT Munster 75 40§ < - 12(S1 Figure 7).
6:2, and 8:2-0iPAPs were identified at concentrations of <0.0002-0.687 ng/mL; fewer than 10% of the samples had 74. doi: ), HERIA I FIEE, FiEH MunsterTlz, PFCA(PFNA, PFDA, PFUNDA)IZ, 19824 (£PFCAD3%)~19914 (£PFCAD21%) (BRI D
detectable 10:2-diPAP. Temporal trends (2000-2009) showed increasing concentrations of PFNA, PFDA, and PFUNDA, 10.1021/e530371 228 ERHE SN, 19926 (2PFCAD1T%)~20004 (£PFCADS%) THiih L oA, 2009% 1< 2PFCAD22% £ TLE
whereas PFOA concentrations were decreasing. Calculated population halving time for PFOA varied between 8.2-14.5 6k. Epub 2013 + Halle (n=150) 1995~2009% L
years, which contrasts to the generally accepted value of 3.8 years. This suggests an ongoing or additional exposure to Apr2. FR10% > 7L QU0SEDH1TH Halle T 1%, 19956~2005%I-PFNADED A IE R L 1z,
PFOA or one of its precursor compounds. DIPAPs, known to metabolize rapidly to PFCAs, were detected in a TN HRSHIETLE, FHES - (81 Table S3) & 7= > IE(ZiE & AL 2387 T, PFNALE. PFDAZPFUNDAE DRI EOMREAS b,
significant number of samples and at concentrations that have not declined significantly over the past half-decade. 235278 - PENAQERSOAIE, 20005 LEDKE - 29 2 —F> + /1Y —THRAKROMIMAMES NTHY, 8
The evidence suggests they have contributed to the continued presence of the longer chain PFCAs and perhaps BN DD T R LTINS, 20005~20014 (4 1 T POSFIERG ' 1L & hfcfle, PFCAsO Tt
contribute to the slow decline of PFOA. U, ECFER—R LT MBI TH D LTSNS,
455 /< AFE=% Perfluoroalkyl acids and the A total of 100 serum samples from 50 new couples (none of the females in this study has ever been pregnant) in 2014 Zhang, Yifeng: Jiang, Weiwei;  Environ Int. 2014 24747327 PFNA 02: @ FE G RE - FRTianjinS01008ME) O 2012488 i (Table1) PFHxA & PFNAD100HAF D& (ng/mL) BHTHD - 19EMOPFAAE BT B
yvy isomers of Tianjin, North China, were analyzed for eleven perfluoroalkyl acids (PFAAS) with isomer-specific method. Among all Fang, Shuhong; Zhu, Lingyan;  Jul;68:185-01 PFHXA ERBEHR CEEAEDPFARISDLT, RROAL DRI, KEPHMNE L. BHCET 5 ROBHORE LARES, DIHIED >,
perfluorooctanesulfonate and samples, total perfluorooctanesulfonate (3 PFOS, mean 11.3 ng/mL) was predominant followed by total Deng, Jimin doi: F#25~30% 1 PRl BEFH BN EA - PPNAL 2t & ) RIEQTTH RS > A, ROPFAAS 122 LT IR ALEAHRTES, <axvi>
in the sera of 50 (ZPFOA, 2.95 ng/ml), (PFDA, 117 ng/mL), (PFNA, 0.93 10.1016/j.envint. 037 035 BOL 083 EIBUICHTE B ARMATRS NI - B bISMEPFNARE R, PFHXS, PFHXARIEL U AH -1,
new couples in Tianjin, China ng/mL) and perfluorohexanesulfonate (PFHxS, 0.67 ng/mL). The mean concentrations of X PFOS and PFHS in males 2014.03.022. 087 082 021 259 - 20105 MShijiazhuang & Handands E BOBIH THONL € F OMBREBE S Y, PINAREIBIES >/, —FRTUPFSASDIE
(14.2 and 0.8 ng/mL) were significantly higher (p=0.001) than in females (8.36 and 0.45 ng/mL). No statistical Epub 2014 Apr CBEHEDEUH, PFCASORBEAZVARES Y,
difference between genders was observed for the other PFAAs. This suggests that menstruation is one important 16. 1 hRfE REATYH B EX
elimination pathway for XPFOS and PFHxS in females. Linear PFOA was the dominant isomer with mean proportion of 036 035 BOL 063
99.7%, suggesting that telomeric PFOA (and its precursors), which contains almost pure linear isomer, might be the 074 074 024 195
dominant exposure source of PFOA in Tianjin. On average, the proportion of linear PFOS (n-PFOS) was 59.2% of X
PFOS, which was lower than that in technical PFOS products (ca. 70% linear). Except perfluoroisopropyl PFOS, all the W) FTY PRl REFH BN EA
other monomethyl branched PFOS isomers were enriched in human serum compared to the commercial products, PFHxA 88 040 037 036 BDL 083
suggesting the monomethyl branched PFOS precursors were preferentially biotransformed in humans. PFNA 100 102 093 091 021 259
SERLOHIC 1 5 —RIEROPFHXA L PENADIRE (ng/mL) (TableS3)
< 20125 0T (7 Tianjin) PFHxA 1039 PFNA: 0.93
+ 2009% DT (7 Tianjin) PFHxA 1 054 PFNA : 1.00
+ 2008% 0 (487 Qinhuangdao) PFHXAR(E : 100 PFNATAY(E : 1.18
- 200850 (4§77 Tangshan) PFHxASIA(E : 148 PFNATS(E : 252
- 200850 (575 Weihai) PFHA®R(E : 082 PFNAT9(E : 2.24
- 20084 ORAITI5(E (77 Dalian Huludao,Yingkou,Jinzhou) PFNA : 0.66, 1.04,1.38, 1.20
D270 <® Dietary exposure to perfluoroalkyl  Perfluoroalkyl acids (PFAAS) are globally found in various media, including food and especially fishery products. Inthe 2014 Yamada, A; Bemrah, N; Veyrand, ~Sci. Total 24530183 PFBA 02:EN  T7IvR - 2006%, 2011 RIS (IAHLYORRHE AERANBORRHEHEI S SPFASORFEE (ighg—1bwd—1) B8 data 3- U9~ 20 (ngkg—1bwd—1) £: Table 3 - A
acids of specific French adult sub-  present study, the dietary exposure to 15 perfluoroalkyl acids was assessed for 3 French adult populations, namely B; Pollono, C: Merlo, M; Environ. 2014 PFHXA £ 20105~  EF-%. REFOPFASE i 955> B4
populations: High seafood high seafood consumers, high freshwater fish consumers, and pregnant women. Purified food extracts were analysed Desvignes, V; Sirot, V; Marchand, Sep:491:170- PFNA 013F0/E &, BAOHES SHH) TR LR TR LR PFNA R 95—t EAN
consumers, high freshwater fish by LC-MS/MS and PFBA, PFPA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUNA, PFTIDA, PFTeDA, PFBS, PFHXS, PFHPS, P; Berrebi, A; Cariou, R; 175. doi PFBS —2£EA  UFO3ISOMEET—% PFBA 0.43 43 146 10.4 TR LR TR LR
consumers and pregnant women  PFOS and PFDS were monitored and quantified according to the isotope dilution principle. Under lower bound (LB) Antignac, J Le Bizec, B; Leblanc, 10.1016/j.scitote o b E(ER PFHxA 0.64 1.87 232 5.13 BNEOKREHEEE 018 1 053 24
hypothesis (ie. contamination values < LOD considered as 0), high freshwater fish consumers appear as the most ic 1v.2014.01.089 ©TIVADAEBAMOK  PFNA 018 1053 2.4 B E ORI 003 086 009 241
exposed to PFOS (7.5 ng.kg(-1) bw.d(-1)), PFUNA (1.3 ng kg(-1) bw.d(-1)), PFDA (0.4 ng.kg(-1) bw.d(-1)) and PFHpS 2% (2006 CALIPSO study,  PFBS 0.02 1.74 0.11 4.05 B T ORE@REDSE) 007 086 021 236
(0.03 ngke(-1) bw.d(-1)) while high seafood consumers appear as the most exposed to PFOA (1.2 ng.kg(-1) bw.d(- n=993) HKMOKEHEHEIE BPFASORFBE (ngkg—1 bwd—1) CONTREPERF #ERHIO LI 002 12 004 184
1).PFNA (0.2 ng.kg(-1) bw.d(-1)) and PFHXS (0.06 ng.ke(-1) bw.d(-1)). For all considered populations, the major © 7TV ROREELVED i 955 RAN CONTREPERF £E47 002 112 003 18
exposure contributors are fish, seafood and water under LB hypothesis, while dairy products, bread and crispbread are RIE Bk BOBEASL) TR LR TR LR HAO—#ER 000 049 000 097
the main contributors under upper bound CUB) hypothesis. Besides this food exposure assessment, further studies (2011 ICAR-PCB study, PFBA 0.07 441 0201084 EDEN fERHID %t 000 071 001 14
are needed to assess the more global PFAA exposure, taking into account indoor and outdoor air, dust and cutaneous n=606) PFHYA 0.16 1.45 0.62 3.96 EDEN 527 (SEARIAFE) 000 071 001 138
contact, which could be other important contributors for this particular class of chemicals. (C) 2014 Elsevier B.V. All 792 A0 (20102013 PFNA 007 0.86 021 2.36
rights reserved. CONTREPERF ANR PFBS 0.01 1.82 0.01 4.48 MHBO T 7 5 > AORE R R E LEEDEN studyd 7 — 5 % (2R
programme, n=106) RN DL 351 3PFASO SIS (ngkg—1 bw.d—1)
i 955y ZAN
TR LR TR LR
PFBA 0.02 627 0.0412.22
PFHxA 0.05 2.08 0.08 3.99
PFNA 0.021.20 0.03 2.35
PFBS 0.00 252 0.00 4.95
FENRIS 51 B PFASORHIRE (ngkg—1bw.d—1)
i 95/5— v ZAN
TR LR TR LR
PFBA 0.025.57 0.041084
PFHxA 0.05 1.910.08 3.72
PFNA 0.021.12003 220
PFRS 000 220000453
D283 E<® Perfluoroalkyl acids in drinking  Perfluoroalkyl acids (PFAAs) are a group of emerging persistent organic pollutants (POPs), which have been 2019 Li, YN; Li, JF; Zhang, LF; Huang,  Environ. Int 30502598 PFBA 02: @4 FE(FE - 2017478~8F MK (A8, vh. H0E SEIIBHOREKSOPFASEE (FhiE) £%: BEOKEKFOPFASEIE (F21E) - A
water of China in 2017: Distribution  ubiquitously detected in the environmental media. However, national scale investigations on their occurrence and ZP; Liu, YQ; Wu, N; He, JH; 2019 PFHXA 21031 < FELLOIEMITAE | PFBA: 17.87 ng/L PFBA: 231 ng/L
characteristics, influencing factors  distribution in drinking water are still insufficient. In this study, we detected the 17 priority PFAAs in drinking water Zhang, 7Z; Zhang, Y; Niu, 76 Feb:123:87-95. PFNA BITHED DTTH HEMLAAMA | PFNA: 040 ng/L
and potential risks from 79 cities of 31 provincial-level adminisirative regions throughout China, and investigated their occurrence and doi: PFBS 19875, & 270 PFBS: 1.21 ng/L
distribution. Additionally, we also analyzed the influencing factors on their profiles, such as the existence of industrial 10.1016/j.envint. & h
sources, socioeconomic factors (population density and GDP), and assessed levels of risk associated with 2018.11.036 ENE T PFAS 17 B0 &5HRE
contaminated drinking water. On the national scale, the sum concentrations of the 17 PFAAs (Sigma(17)PFAAS) in <) I 4.49~174.93 ng/L
drinking water was in a range of 4.49-174.93 ng/L with a mean value of 35.13 ng/L. Among the 17 individual PFAAs, hshfE: 22.12 ng/L
perfluorobutanoic acids (PFBA) was the most abundant individual PFAAS with the median concentration of 17.87 ng/L, FHE: 3513 ng/L
followed by perfluorooctanoic acid (PFOA, 0.74 ng/L), perfluorononanoic acid (PFNA, 0.40 ng/L) and perfluorooctane
sulfonic acid (PFOS, 0.25 ng/L). The geographic distribution characteristic of Sigma(17)PFAAS in drinking water was in
a descending order of Southwestern China (57.67 ng/L) > Eastern coastal China (32.85 ng/L) > Middle China (20.89
ng/L) > Northwestern China (28.49 ng/L) > Northeastern China (22.03 ng/L), and in general, the existence of the
industrial sources could positively affect the contamination levels of PFAAs in drinking water. The pollution level of
PFAAS in drinking water also varied among the three different city levels (medium-sized city > big city > town). In
towns, the positive correlations were observed between the population density and the Sigma(17)PFAAS (R-2 = 045, p
<0.01), and the individual concentration of PFHxA, PFBS, and PFOA (p < 0.01). Moreover, besides PFAAS in Yunnan,
Jiangsu, and Jiangxi, concentrations of related PFAAS in drinking water from 28 provinces were less than the
suggested drinking water advisories. The relatively higher concentrations of PFAAS in Yunnan, Jiangsu, and Jiangxi
suggest that further studies focusing on their sources and potential health risk to humans are needed
D336 £<HE Per- and polyfluoroalkyl substances Contaminants of emerging concern (CECs), including per- and polyfluoroalkyl substances (PFAS), are of interestto 2019 Boone, J sci. Total 30412881 PFBA 02: @ KE - 5 #EDk CRERMORIIAMLIE RKA R OPFASEE - PFAS £ 50 # ¥ ZA 9~ THDERMICRE SN, 17 410 PFAS OATHEEI <1~ 1,102 ng/L ORIET, # PFAS REDH  USEPALUS. Geological Survey (USGS)IC & 2 3tHHIR® 7 = — X Il SBIT B #i A
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D367 <E® Tap Water Contributions to Plasma  BACKGROUND: Between 2013 and 2015, concentrations of poly- and perfluoroalkyl substances (PFAS) in public 2019 Hu, XDC; Tokranov, AK; Liddie, J; Environ. Health | 31170009 PFNA (& 02: B K (22M) KEZEENEE LLMNEE 3K~ ke |1989555~1990 = FoRiE (AR, BAEE (hg/l)  SH: Table 2 BINIED O THES A 2N (%) £: Table 4
Concentrations of Poly- and drinking water supplies serving at least six million individuals exceeded the level set forth in the health advisory Zhang, XM:; Grandjean, P; Hart, ~ Perspect. 2019 ) Nurses' Health Study (NHS) ©&11% 598 mi E#PFNA: 0.23 (0.13,029), 17.9
Perfluoroalkyl Substances (PFAS)  established by the U.S. Environmental Protection Agency. Other than data reported for contaminated sites, no JE; Laden, F; Sun, Q; Yeung,  Jun;127(6):67006 PFBS - REFGEKY > 71 ik 2050 AEEPFNA: 0.19 (0.10, 0.34), 16.1 FABE WEEFL
in a Nationwide Prospective Cohortsystematic or prospective data exist on the relative source contribution (RSC) of drinking water to human PFAS LWY; Sunderland, EM doi: - M SR 110N PFBS: 0.20 (0.19, 0.25), 297 MRL BEEOZ =81/ <8IF/BHE =84T/BiHE <8if/BHE
of US Women exposures. OBJECTIVES: This study estimates the RSC of tap water to overall PFAS exposure among members of the 10.1289/EHP409 ng/l o ng/l %(95% CI) Pl %(95% CN) plE % (95% CI) pfE %(95% CI) 3
general U.S. population. METHODS: We measured concentrations of 15 PFAS in home tap water samples collected in 3 REFAEAFOPFASEIE (1=110)—shsk(E (BREM), BARE (hg/L) S Table 3 1
1989-1990 from 225 participants in a nationwide prospective cohort of U.S. women: the Nurses' Health Study (NHS). PFNA: 061 (0.41,0.89) 1153 PFNA 200 199 2720 (444, 14522) <001 618 (91.4,2592) 0.03 1540 (98.1,13483) 0.06 2752 (-30:2,1917) 02
We used a one-compartment toxicokinetic model to estimate plasma concentrations corresponding to tap water intake
of PFAS. We compared modeled results with measured plasma PFAS concentrations among a subset of 110 NHS MR OPFASIRAE (n=110)—HRfd (FHER). BARME (hg/L) AEET: £, AE/RE GE ABORE, SEE BAE REFCEELTLAFR ANMEOERE, Ky 73— ORER
participants. RESULTS: Tap water acid (PFOA) and acid (PFNA) were statistically PFNA: 0.13 (0.12,0.35) 198
significant predictors of plasma concentrations among individuals who consumed >= 8 cups of tap water per day.
Modeled median contributions of tap water to measured plasma concentrations were: PFOA 12% (95% probability
interval 11%-14%), PFNA 13% (8.7%-21%), linear perfluorooctanesulfonic acid (1PFOS) 2.2% (2.0%-2.5%), branched
perfluorooctanesulfonic acid (brPFOS) 3.0% (2.5%-3.2%), and perfluorohexanesulfonic acid (PFHXS) 34% (29%-39%). In
live locations, comparisons of PFASs in community tap water collected in the period 2013-2016 with samples from
1989-1990 indicated increases in quantifiable PFAS and extractable organic fluorine (a proxy for unquantified PFAS)
CONCLUSIONS: Our results for 1989-1990 compare well with the default RSC of 20% used in risk assessments for
legacy PFAS by many agencies. Future evaluation of drinking water exposures should incorporate emerging PFAS.
Das I£<E Dietary exposure to selected The dietary exposure to selected PFAAs was estimated in four selected European states (Belgium, the Czech Republic, 2013 Klenow, S; Heinemeyer, G; Food Addit. 24279394 PFNA 02: @S NAF- SAF— FraRHE ARYT. / T EFSA L ABEE EFSAOBENAR THNLAFREOKTE (g ke’ BW day’) AFBEICHST RSN —7 5 L UBRE(pg ke-1 BW day-1) B: Table 4
perfluoroalkyl acids (PFAAS) in four ltaly and Norway) representing Western, Southern, Eastern and Northern Europe. The harmonised sampling Brambilla, G; Dellatte, E; Herzke, Contam. Part A- PFHIA FraRM ATz —ORA (18-64 B) BLUTE  SoTHESNL HETF—2~<—ZEWAL  PFNA: PFNA: PFHxA:
European regions programme designed in the European Union project PERFOOD was targeted at identifying seven selected PFAAs, D: de Voogt, P Chem. 2013 B A%y (3-98) BENEREE T, EFSAOKBHRERSTY AAF—  Fza EED N ESS A Fit A Fit
including perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA), in food items that are most Dec:30(12):2141- TSN FefR=R A7 L FoodExic & ) 44 & h A FHt A Ft BA Pt BA Pt BRIN-7 BE BRIN-7 BE BRIN-7 BE BRIN-7 BE
important both in terms of consumption and based on known high contamination patterns. The estimated average 2151. doi: Y= (EFSA2011))  #-B&/L—7OREESE TR 91 299 30 66 30 66 20 22 AuE— yyH/FoE 59 UrS/FUM 211 RA¥— AE-AERZ 180 A€ AERZ 630
dietary exposure for adults (18-64 years) and children (3-9 years) is generally below or close to Ingk(-1)BWday(-1) 10.1080/1944004 FoREER)  CHER D) LR 145 402 142 254 97 200 70 115 R 23 Fox 1 UvH/FoE 4 UPEERZ ]
for all seven PFAAs. Considering the high consumption of faod groups that contribute most to the exposure does not 9.2013.849006. PFHxA: 203
result in estimates exceeding 4ng kg(-1)BWday(-1). Thus, based on the TDIs praposed by EFSA for PFOS (150ngke(- TR 289 873 7 19 30 63 14 34 Fox 4 L 6 LR 41 bz
1)BWday(-1)) and PFOA (1500ngkg(-1)BWday(-1)), no concern can be identified. There are distinct dietary exposure EFR 424 1137 130 233 96 195 66 128 25
patterns from region to region as a result of different food consumption and contamination patterns. Foods of plant Fza e TR 13 AE-AEHZ 31 Fra e 2 ~U—s
origin (e.g. fruit and vegetables) are most important for the dietary exposure to PFHxA, PFOA and PFHxS, while the M EPFASASREICES T Z3EORAY N —TOUENS L AFRBONERE (pgke-l BWday-1) B T
consumption of foods of animal origin (particularly fish and seafood) mostly contributes to the dietary exposure to e 1 p] 23 URE7ERZ B UPEEaZ ]
PFDA and PFUNDA. For the dietary exposure to PFNA and PFOS, food of animal and plant origin contributes with 5
equal importance. In conclusion, region-to-region differences as well as the relative importance of food of different Fra ARYT Iz — REFR 2 REFR 4 BHE 1 REZ
origin for each PFAA should be paid more attention in further research A T OBA FH A T A P 4
TR 446 902 116 252 86 181 83 86 1297 REM 1 REW 27 AxUT  YrEFLE 13 vy S/FoR
LR 505 1021 228 439 158 325 135 198 28
PFHxA: yrI/Fe| 10 yrS/Fem 20 EHE 8 EHE
TR 942 2088 23 72 95 188 45 113 15
LR 1079 2457 150 291 174 340 107 214 AT 3 AR 7 EE/YUTUHM A wE/YITY
EE R
SNz — PR 7 MRS 10 /rvz— RS 4 Yyd/Fom
15
D423 <® Per-and polyfluoroalkyl substances Drinking-water quality is a rising concern in the United States (US), emphasizing the need to broadly assess exposures 2023 Smalling, KL; Romanok, KM;  Environ. Int. 37356308 PFBA 02: @A KE (@) - 2016%~2021% KiEk S NAPFASOS FE O 1-9 TableSs cALBR BT e HRRN T Y — 2 BE(g/L) A
(PFAS) in United States tapwater:  and potential health effects at the point-of-use. Drinking-water exposures to per- and poly-fluoroalkyl substances Bradley, PM; Morriss, MC; Gray, 2023 PFHXA - FLBTI6H (AhHF PFASEM O 0.025~319 ng/L (skid: 2.88 ng/L) fe&hs ~yFT—4 BE BEAEH
Comparison of underserved private- (PFAS) are a national concern, however, there is limited information on PFAS in residential tapwater at the point-of- JL; Kanagy, LK; Gordon, i Augi178:108033. PFBS 26977, DEOKIE 4475 77) R PFAS BIEOEE (PFAS 165 FEOEE) : 0.348-346 ng/L (i 7.00 ng/L) PFBA  Wisconsin DHS preventative standard 2000  WIDOHS, 2020
well and public-supply exposures  use, especially from private-wells. We conducted a national reconnaissance to compare human PFAS exposures in Williams, BM; Breitmeyer, SE;  doi: GenX LT, HER PFHxA  Texas CEQ Tier 1 PCL 9 TXCEQ, 2022
and associated health implications  unregulated private-well and regulated public-supply tapwater. Tapwater from 716 locations (269 private-wells; 447 Jones, DK; DeCicco, LA; Eagles-  10.1016/j.envint. PFNA ks b IRAY) RE PFAS BEQFRE MURAEERML, 7> XLHRE LTHRESHTHE) PFNA  Vermont DEC PAL 2 VTANR, 2018
public supply) across the US was collected during 2016-2021 including three locations where temporal sampling was Smith, CA; Wagner, T 2023.108033. A FR(E=7.1ng/L (95% CRI=2.3, 17.1) PFBS  Minnesota DOH HBV 100 MNDOH, 2022
conducted. Concentrations of PFAS were assessed by three laboratories and compared with land-use and potential- R SR(E=8.2 ng/L (95% CRI=2.6, 20.5) GenX  Ohio DOH Action Level 2 OHEPA and OHDOH, 2019
source metrics to explore drivers of contamination. The number of individual PFAS observed ranged from 1to 9
(median: 2) with corresponding cumulative concentrations (sum of detected PFAS) ranging from 0.348 to 346 ng/L. 57— 2IBILT, Table SI0KF— %5 Y (BHEHNSLAHT T THEE)
Seventeen PFAS were observed at least once with PFBS, PFHxS and PFOA observed most frequently in approximately
15% of the samples. Across the US, PFAS profiles and estimated median cumulative concentrations were similar
among private wells and public-supply tapwater. We estimate that at least one PFAS could be detected in about 45%
of US drinking-water samples. These detection probabilties varied spatially with limited temporal variation in
concentrations/numbers of PFAS detected. Benchmark screening approaches indicated potential human exposure risk
was dominated by PFOA and PFOS, when detected. Potential source and land-use information was related to
cumulative PFAS concentrations, and the number of PFAS detected; however, corresponding relations with specific
PFAS were limited likely due to low detection frequencies and higher detection limits. Information generated supports
the need for further assessments of cumulative health risks of PFAS as a class and in combination with other co-
occurring particularly in P Ils where information is limited or not available.
D912 /<A E=% Internal Relative Potency Factors  BACKGROUND: In human biomonitoring, blood is often used as a matrix to measure exposure to per-and 2022 Bil, W; Zeilmaker, MJ; Bokkers,  Environ. Health | 35881550 PFBA 02: @ KB NHANES 2017-20181= 8/ L =K EA | NHANES 2017- & k)it 7L L - TWAGS RIIE F£9) 0 3% FPFASIEEE (me/mL) £: Tabled - - A A
URTd for the Risk Assessment of polyfluoroalkyl substances (PFAS). Because the of a substance the stead: blood BGH Perspect. 2022 PFHXA 20180F—%% #7 FomE (REROR (me/kg bw/d) ~ (mg/mL) Concentration atendof the study(mg/mL)
Mixtures of Per- and Polyfluoroalkyl concentration) may affect the toxic potency, the difference in toxicokinetics among PFAS has to be accounted for when Jul:130(7):77005. PFNA G 5) Reference External dose Modeled TWA  Modeled  Reported mean Ratio
Substances (PFAS) in Human blood concentrations are used in mixture risk assessment. OBJECTIVES: This research focuses on deriving relative doi: PFBS PFBS Liederetal 30 0.016 0.0018 - -
Biomonitoring potency factors (RPFs) at the blood serum level. These RPFs can be applied to PFAS concen-trations in human blood, 10.1289/EHP100 GenX 100 0.053 0.0059 - -
thereby facilitating mixture risk assessment with primary input from human biomonitoring studies. METHODS: 09. 300 0.16 0.018 - -
Toxicokinetic models are generated for 10 PFAS to estimate the internal exposure in the male rat at the blood serum 1000 37 0.059 - -
level over time. By applying dose-response modeling, these internal exposures are used to derive quantitative internal PFBA Butenhoffetal. 12 0.0028 0.0012 0.0061 02
RPFs based on liver effects. RESULTS: Interal RPFs were successfully obtained for nine PFAS. Perfluorobutanoic acid 6 0.014 0.0061 0014 0.4
(PFBA), p acid (PFHA), acid (PFNA), acid (PFDODA), 30 0,071 0.030 0.052 06
perfluorooctane sulfonic acid (PFOS), and hexafluoropropylene oxide-dimer acid (HFPO-DA, or GenX) were found to be PFHxA Loveless etal. 20 0.0017 0.00032 - -
more potent than perfluorooctanoic acid (PFOA) at the blood serum level in terms of relative liver weight increase, 100 0.0083 0.0016 - -
whereas perfluorobutane sulfonic acid (PFBS) and perfluorohexane sulfonic acid (PFHxS) were found to be less 500 0.041 0.0081 - -
potent. The practical implementation of these internal RPFs is illustrated using the National Health and Nutrition PFNA Mertens etal. 0.025 0.0044 0.010 - -
Examination Survey (NHANES) data of 2017-2018.DISCUSSION: It is to assess the health 0125 0.022 0.051 - -
tisk resulting from exposure to PFAS as combined, aggregate exposure to the extent feasible. 06 o 025 B .
https://doi.org/10.1289/EHP10009 GenX Haas 01 0.000051 0.000069 - -
10 0.0051 0.00069 - -
100 0.051 0.0069 - -
D1080 /A #E=4% Perfluorinated carboxylic acids in  Human milk samples were collected from 67 mothers in 2014 at a Primary Care Centre in Murcia (Spain) and analyzed 2016 Guzman, MM; Clementini, C;  Sci. Total 26674688 PFNA 02: ARAY LYT (RRAY) 0T AT 2014F BAY TN PFNA - Ay NEHSTADBILRIEI 51 501 704 0 A B (PFCAS) DR & REEL ~ LRI A A
Uy human breast milk from Spain and ~ for perfluorinated carboxylic acids (PFCAS). Concentrations measured for perfluorooctanoic acid (PFOA), Perez-Carceles, MD; Rejon, SJ;  Environ. 2016 (L2 7)Y Z—TRABOSTIADEHR 2240 F9£5D: 4129 ng/L 17 L 7 6THRAFSORA 5 PFCAB Mt & . RIIFH AR b B > 1200 (44086 (60%) DPFOAT, PFNA
estimation of infant's daily intake acid (PFNA), acid (PFDA), acid (PFUNDA) and Cascone, A; Martellini, T; Feb:544:595-600. N £ S ADEE) H>BAY YT HRAE: 40 ng/L 134k (6%) TREE R,
perfluorododecanoic acid (PFDODA) ranged from < LOQ (< 10 ng/L) to 397 ng/L with a mean concentration of 66 +/- Guerranti, C; Cincinelli, A doi: IR FEE: 15~70 ng/L
68 ng/L and a median of 29 ng/L. The presence of these compounds was revealed in 50 samples out of 67 analyzed. 10.1016/j scitote LODEA fo 4 ¥ v 4
Influence of number of pregnancies and food habits on PFCAs concentrations was also investigated. Statistically nv.2015.11.059 UL 6%
significant differences in PFCA levels were found when the women were divided into maternal age classes and into the
categories primiparae and multiparae. A greater transfer of PFC during breastfeeding by primiparous was evidenced
and thus a higher exposure to these contaminants for the first child. Moreover, it was possible to hypothesize that the
content of PFCs is in general correlated to the eating habits of donors and, in particular, with the fish consumption.
Finally, PFOA daly intakes and risk index (RI) were estimated for the first six months of life and we found that
ingestion rates of PFOA did not exceed the tolerable daily intake (TDI) recommended by the European Food Safety
Authority (EFSA). (C) 2015 Elsevier B.V. All rights reserved
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suppressed by PFOSA, PFOS, PFDA and fluorotelomer. PFBS, PFOSA, PFOS, PFDA and fluorotelomer inhibited Marinovich,
PHA-induced IL-10 release, while IFN- y secretion was affected by PFOSA, PFOS, PFDA and fluorotelomer. Marina; Galli,
Leukocytes obtained from female donors appear to be more sensitive to the in vitro immunotoxic effects of Corrado L;
PFCs when their responses are compared to the results obtained using leukocytes from male donors. Dell'Agli, Mario;

Mechanistic investigations demonstrated that inhibition of TNF- release in THP-1 cells occurred at the
transcriptional level. All PFCs, including PFOA and PFOS, decreased LPS-induced NF- « B activation. With the
exception of PFOA, none of the PFCs tested was able to activate PPARa driven transcription in transiently
transfected THP-1 cells, excluding a role for PPAR @ in the immunomodulationobserved. PFBS and PFDA
prevented LPS-induced |- x B degradation. Overall, these studies suggest that PFCs affect NF- x B activation,
which directly suppresses cytokine secretion by immune cells. Our results indicate that PFOA is the least active
of the PFCs examined followed by PFBS, PFDA, PFOS, PFOSA and fluorotelomer.

Germolec, Dori R

CEELOF Y TOE—Z—HHOIDONF-KBBUEHT HLY T T —HLF—E—F TR KA, Gald

DNARSE X1 > % 7 L — LISl S ¢ 7:PPARy -LBDO R~ 7 % — (pGald-PPARa-LBD), V¥ 7= 5 —HL
BEF O 5 Gald. aE-2&0L < % —(pGaldUy

THRBE R 7, THP-1#0% DEAE-dextranii T h 5 ¥ 2724 b Lo,

- THP-14§% DEAE-dextran i AL T L — R — 7T R I K/X0 28— b5 ¥ A7 25 b L, —BERRKEEFE

Lz,

&I RITTPFCOR

1 10ug/mL

3. THP-1MRIC 351
BLPSHRNF-x BE
SIS £ PPAR G
LIS RIS PFC

ORE: 155 F10u
g/ml

U3 vitr

2. THP-1BIC 517 3LPSHERTNF- a B4 (S RIET PFCOR!
FMMAMKTORRE—HLT, & FTBERRERATHP-1TE, PFCILPSIETNF- a il 2 MEMFICIENT 5 2 £ ATE, PFOAS LUPFBSIEY A kh A Y EEEMET 2EMAB . B FF—hbRRL AN
SRTHBE NS & AR TH > 7o, FMMAMRE THP- 18T N7 RERMEAIE, MRS L 3HRTIEAL T & IELOHTYE CHE L L BRET LNV TROBIE T PFOLBRICEBERI LD 7T EDDR
®END,

3. THP-1BIC 517 3LPSHRNF- « BESIESAM £ PPAR QB ALICRITT PFCORE

- THP-LERIH 518 5 NATNF- a B0 7 — 218, € FRIMMANKTES N —2 LABLTOS 2 EH, AWRS L UETHRTRBENTLS T Lh b, PFCSICE BTNF-a BEDHOATFA D= XLEE S

SRS BT

PFOAL PFOS% & GOBMOPFCOBRIL RESHATFEL 12, &bIc, WHEE
& RTIMOBRETRERYBONICT 570, BE (C4-Cl0) LEMEE
(R BE, AAFFLLE TI/E) OBLHL, S ESERPFCEE
R U7 (Introduction & ))e

<axvbs

BB Vit EFLE LT, THP-1ERAHR E AT, EHDORITMRITH LT, THP-1ERIEPFOAL PFOSOET AR TH 5 T £ ARENTLS (Corsini etal, 2011) o PERRS ST E
DHHAHZLLE LT, LPSHENF-x BOEH{LS & UPPAR 0 EHELIC RIET PFCs OB R A HA Tz,

- LPSEEFRENF- & BEMALISH T BPFCOMBIE, 92 AX > Ty FMTICE B I-k B E 65D Y Bk, + & UIDONF-k BILEBTILY 71 7 —HLF— 27523 FBENEALL—BE RS2 72003 v kD
NF- x BESIRE 2 H~3 T £ TRIEL 1.

- ZOM, PFOS, PFBS, PFDAIILPSHRIEDI- x BAMEMIELFA, PFOA, PFOSA, 7407 09— EEBERIES >, LPSETERI-x BARICH T 2HRIEZ NENRA B4, BLPFCETNTLPSHEMD
PE5D Y VEALEFRICHE L7, SO LI, NF-xBEN LA RELIES ENF-x BEBES AR TH S, TNSOT—SERETSE, LPSHRIEONF- x BIESERAEMETS T LILY, PFCIETNF- a OIES & B
FEEL, ZTORM, HRCHDBTNF-a DBEEESISEH T EFRENS, TROOMRBIE, FIRESALER (Corsini etal, 2011) E—H L, NF-x BHPFCsOBBAOEE RN TH S = & HRBE N,

LEEw:

- TATOPFCsHE FAMMEMEE & UTHP-TBEIC 3515 BLPSHRMTNF- a £ 205 L, IL-674 (EPFOSA, PFOS, PFDA® £ U7 AT A v —(ok > THAIE Ate, PFBS, PFOSA, PFOS, PFDAB U7 LA a7 0
T —lt, PHASSRMEIL-T0M D5 L7247, IFN-y S54(APFOSA, PFOS, PFDAB & U7 LA A7 O —ICk > Tl Lo, BHEFF —OBMMEAVARBRELRT S &, LW FF—DEMIRIE, PFCSOIn vitoRGHIEIFRIC
HLTE ) BEEAFOARED DS,

RHE LT, TRLOWREPFCHNF- K BOEELICHEE 5, REBLMICE SV A b h (Y DREBENHT ST £ ETET 5, EHSOBRIE, A~PFCOFTPFOANBEEMAES, KL TPFBS, PFDA,
PFOS, PFOSA, 74407 OY—THE I EERLT LS,

AT B AR

. B3 Bin vitroFHE

(in VItoBIBOXRSHITONT DI A ¥ 1) invitroBROF— X DA T, KE
HOBBRE £ OBIRERAT HOREL L, BANCHERFED A H=
ZLOBEROEERTOET, WHOPFASEXRICHERE L 17— &
BEORRICHLTEHIAZEBLET,

- PFBSTPFDAPFOA® PFOSEMEDHIAEH LTS T LA HS 70

i B LTSS ENHSHE > TUBERLX

ity In vitrols LT 30472 5 RAEA°0.1 pwg/mL & HBIBET S 5 T £ 1ERUS
KB(EF-THBOXMSE Y BEBTHE), X HZZLBIE LTHETLR
%,

EHRR
No. 25 PubMed | P wEE BT [ e AR ESAT IS % o ||
&%) zqba £ RiTE EE BItER B (@) (@)

549 AEEE | Celllar toxicly associated with  The biotransformation of fluorotelomer based compounds yields saturated and unsaturated fluorotelomer 2014 Rand, Amy A ChemRes 24209273 PFBA  PFBA PREA REG L € VR LR (THLED Bl 20BAA v %2 v av SOWN-4000 M - PFOART (= £ 2 R HIB oA, ECS0RII65= 41 uM (PFDA) #5 1361 146 M (PFEAI BB To - 7er PFCA (PFBA. PFPeA. PFRxA. PFHpA. PFOA. PFNA. PFDR)E % o BIE A
exposure to perfluorinated aldehydes (FTALS and FTUALS, respectively) and carboxyiic acids (FTCAs and FTUCAS, respectively) as Rooney, John P; Toxicol. 2014 Jan PRHAA  PFHAA PFHA: >98% {5 (FTAL, FTUAL, FTCA, FTUCAIZRLIT, BREEL 7 » BLBORE
carborylates (PFCAS) and their metabolites that ransform to carboxylic acids (PFCAS). Previous Butt, Craig M;  21:27(1)42-50, PFNA  PFNA PFNA: 97% DEVHTHLE 2 BROEFEE LOL 3 HET3hFELL, FTUCAL
metabolic precursors studies have demanstrated that the FTCAs and FTUCAS are 1 to § oders of magnitude more toxic than PFCAS Meyer, Jool ;. do (5, DMSOIA FTCA DECSUEORMIE, 102 ARG, 2429 uMbs, 42 it

after exposure to aquatic rganisms. Additinally, FTUALS have demonstrated reactvity with proteins, which Mabury, Scott A 10,1021/1x40031 RLTER) 1004420, 1004424 M T o7z, PFOAS £ UZOMBHOBI, 775
may be assaciated with toxicity through the inhibiton of protein function. The purpose of tis study was to carry 7. Epub 2013 BORE AL, BEARNE L EEEROAE Y BRATES £ B
outa comprehensive assessment o the relaive toxicity between PFCAS and thei intermediate precursor Dec 17 R LKL ERERABAL,
metabolites: the FTALS, FTUALS, FTCAs, and FTUCAs. Analytes were separately incubated with human iver
epithelial (THLE-2) cels to assess how varying the function group and the fluorinated chain length affects cell <ax s
viabilty. For each analyte, dose-response EC50 values were calculated. The EC50 values for FTUCAS and BRBIEST Y FLBORE L, HEARNE L ERERAAE Y
FTCAs were simila, with values ranging from 22 = 9 and 24 = 9 M for the 10:2 congeners to 1004 * 20 and BEAEE S £ MIORE £ KL ERRAE SRS SR,
1004 = 24 1M for the 4:2 congeners, respectively. The EC50 values for the PFCAs ranged from 65 = 41 (PFDA)
to 1361 = 146 (PFBA) M. The range of toxicity between PFCAS and their acid precursors were similar
However, the comparative toxiity betuween the 6:2 and 8:2 congeners and their corresponding PFCA had toxicity
thresholds that varied depending on the functional headgroup, where FTUALS = FTALS > FTUCAs = FTCAs >
PFCAs. For all PFCAS and acid precursorstoxicity depended on the length of the fluorinated chain, where the
longer chain lengths yilded greater bioaccumulation and enhanced toxicity, results which agreed with those
preuiously reported. By contrast, FTALS and FTUALS were the most toxi of all the analytes examined, where
toicity was enhanced at shorter chain lengths, with EC30 values of 7 + 1 uM (62 FTUAL) and 8.6 = 0.8 uM
(6:2 FTAL). DNA adducts were not detectable for the aldehyde precursors, using a quantitatve long-range PCR
method. Our data provide the firs evidence that aldehyde intermediates have demonstrated toxicity n cellular
systems that is more significant than PFCAS and thei corresponding acid intermediates,
S59invito Evaluating the additivty of Perfluoroalky! acids (PFAAS) are found globally in the environment, detected in humans and wildife, and are 2014 Woll, Cynthia J;  Toxicology. 2014 24374136 PFNA [PFOS (hU 9LM) K-PFOS : > 98% PPARG L #—%—75 X% F 1. TS (RERERE. HEMMASME) = L F R . <& <, CiE<mEn B A
(PPAR) perfluoroalkyl acids inbinary  typically present as mixtures of PFAA congeners. Mechanistc studies have found that responses to PFAAS are Rider, Cynthia V; Feb 28:316:43- PFHXA  PFOA (P> E=9L NHA-PFOA:> %h3 272 hL%COS- - PFOA:1-256 uM CBPRAAC LTS SR FERENRT S S £ T, RAE BRBCHT Lk, BEALORE LTHY, Y FELTOL, PRHSIZMBUMS Y 2B BETHERBE | TL5TEhb, HRENLEROPFASORAI (B £ SHEOTHET L
combinations on peroxisome  mediated in part by PPAR a. Our previous studies showed that individual PFAAS activate PPAR G transfected Lau, 54, doi ) sg% 1 - PFNA: 1-256 uM EIRL kb, RERSUREERENTORTRETE 1, ORERISEETH 3, ARETHERETHPIOAL D2ER AN < BN
prolferator-activated receptor-a  into COS-1 cell. The goal of the current study was to determine if binary combinations of perfluorooctanoic acid Christopher;  10.1016/jtox.201 PFHAA PFHAA £ 97% - PFHXA : 2-1024uM TRTOPFAAIE, BREBITIRAHRARETS Y, ZOREETLIET S T L URBRTH %, HFENL MRS LERENOT— KISl COS-RMBOATEIREE 5L PPANRE RS h o1, £ ATFRAAR TS S L EAL,
activation (PFO) and another PFAA act in an additve fashion to activate PPARG i the mouse one-hybrid in vitro model, Abbott, Barbara 3.12.002. Epub PENA KPFHS © -PFOS : 2-512uM 2 BBECRT A ¢
€OS-1 cells were transiently transfected with mouse PPAR « luciferase reporter construct and exposed to ither o 2013 Dec 26 PRHXS (7U7L  986% - PFHXS £ 2-2048 M - PFOALPFNA, PFHXA, PFOSE 7 (2PFHASEHAvh < T, PROABIE X APFAS BRED 8 X BER7F( ¥ 1o £ SRAE CHLARRIESLT, RA (RIS TFAECA RERI) TF10220E 7N TRIFS M,
vehicle control 0.1% DMSO or water), PPARa agonist (WY14643, 10 41 M), PFOA at 1-128 1M, ) REUCRHAREAMLT, 2EORET L ARSLETS £ LVRERELRET 5, - PFOA + PRAAD2 TOBH B DY BT, BRETHRALCADBET AL b L FUBRICEVRAERSEBRARENL, Lh L, TTOLPHEORENS <55 L, WRSALESEREFUEALMEEFAH 5%
perfluorononanoic acid (PFNA) at 1-128 1M, perfluorohexanic acid (PFHxA) at 8-1024 M, perfluorooctane 2. PFOAL BB BT 4 (5ENM2AM) nt.
sulfonate (PFOS) at 4-384 juM or perfluorohexane sulfonate (PFHXS) at 8-2048 1M to generate sigmoidal - PFOA+PFNA, 1-128 4 M Hin it EBRRA b, PEARSOZRADRAEDUIE, EREM (1~32uM) THPPARG DAL HLTIBNNEAFRTS L E AT,
concentration-response curves. In addition, cells were exposed to binary combinations of PFOA-either PFNA, - PFOA+PFHXA, 8-1024 uM
PFHxA, PFOS or PFHXS in an 8 B factorial design. The concentration-response data for individual chemicals - PFOA+PFOS, 4-384 uM
were fit to sigmoidal curves and analyzed with nonlinear regression to generate ECaos and Hillsiopes, which - PFOA+PFHXS, 8-2048 M
were used in response-addition and concentration-addition models to calculate predicted responses for - RAIECRHR : PPOALIRTAAY., ORI LS 8 xBER7S 0 TRA (RISHM) E70ECA (REH
mistures in the same plate. All PFOA+PFAA combinations prodused concentration-response curves that were M) EFAD2SOEFLERNTRE AL,
closely aligned with the predicted curves for both response addition and concentration addition at ow 3. fR4E 75 © Cell Tter-Blue® cellviabilty kit
concentrations. However, at hgher concentrations of allchemicals, the abserved respanse curves deviated from 4 b5 YRT LD A  ARRALPAY b Oy R
the predicted models of additivty. We conclude that binary combinations of PFARs behave additively at the
lower concentration ranges in activating PPAR a in this in vitro system,

560 in vitro (%  Activation of human nuclear Perfluoralkylated substances (PFAS) such as acid (PFOA) or acid 2020 Behr, Anne- Toxicol In Vitro. 31676336 PFHxA PFOA HEK293THlIlE (AZEGR 1 MIRSN : MTT7 v+ 4 - HEK @ HEK Az L FToed S RATAAAT R RNEVE (PFBS) £K<T~TOPFASHE FPPARa % A B
receptors by perfluoroalkylated (PFOS) are used to produce, e.g., surface coatings with water- and dirt-repellent properties. These substances Cathrin; Plinsch, 2020 PFBS PFHxA B77AIFEGALMEEM L 202 7257 —HL -4 —BEFT V4 ¢ WL =4 —ilfn - PFBSEE, TN TOPFASIZ R4 2I2M TPPARa £ iEHL L1z, $IC, AAHYBEEETAPFASOA N R & BBEHET SPFASL ) PPARa % EH LT 2 ATREM A B o 10 EHE LT, &, R TAAO-2-A FL-3-F FH x4 8 (PMOH)(GenX)
substances (PFAS). have been shown to be hepatotoxic in rodents, and the mechanism of action is mostly attributed to the PFAS- Christin; Feb;62:104700. PFBA PFBS Y7z 7—HLH—4—-77 -HBMTFZAIF (hCAR. hFXR. hPXR. hLXRa. hRXRa. hRAR. hPPARa. hPPARy. hPPARG) LGAL4fk F7 v+t 4 : &PFAS - PFOSLPFHXSIE, ABREBAEEDI0uMT, bFH 18 (p<0.001) OPPARaEM(METRLAA. ARV EERT HPFASIHEEETHBEKFMNICPPARG & EH L L1z PFOAIRSOuMDERET (18f& ; p<0.001) . E3H-RATAAR-3- [ (-4 bFPyTafFy) FassvE] (PMPP)

mediated activation of the peroxisome proliferator-activated receptor alpha (PPAR ). In the present study, we Braeuning, doi PMOH PFBA AIFEBA) | HepG2#lz #MA> 7z 7—HLHK—2—TFZIF (pGAL-(UAS)5 -TK-luc) % k5> 27 x & b L#-HEK 293THERZ BEE: ~100uM (% PMOHIZ25 uMOEET (7.0f% ; p<0.001) . PPARa DiEH(LEBBICHBL 2. PPARaEMLISHT 24T v £ A R TIHPFOALPMOHA M, #&EH B LHED - 7. PMOHOHIRE FGenXE b ELNASNTL S, . EFPPARy DBV T I=R b ThH ot DL MERL LTS~ (PPAR
investigated by using luciferase-based reporter gene assays whether PFOA, PFOS and six alternative PFAS can Albert; Buhrke, 10.1016/j.tiv.201 (ammonium PFOS N L20BSMER L., T HLHE— 4 —BEF Ty ALYy 72 5 —¥EER THRRTHRSEMH - PMOHEPMPPEACICMAT, & FPPARy £ <EHLT 2 (BEBEDI0uMT, £42.4( (p<0.001) £18fF (p<0.001) Z LA AHETHSEZ LATENI, 8. CAR. PXR. FXR. LXRa. RXRa & U'RARa) (3. #FH%’ BT
activate, in addition to PPAR @, eight other human nuclear receptors. All tested PFAS except for Thorsten 9.104700. Epub perfluoro(2- PMOH (ammonium . BIEATENLE % L 1-8WMDOPFASsI3 T~ TCAR, FXR. LXRa. PPARS. PXR. RARa. RXRa & L' ¥ biEHILL A ot PFASDIEE R B o1
perfluorobutanesulfonic acid (PFBS) were able to activate human PPAR a. Perfluoro-2-methyl-3-oxahexanoic 2019 Oct 30. methyl-3-  perfluoro(2-methyl- 3. WG T RBRAT © KA @ HepG2#Ra % F L 1o BR T SEIRARAT : - PMOH (GenX) (3. BEFESEH(LIC 5L TPPARa £ EMHALT 2 ERI
acid (PMOH) and 3H-perfluoro-3-[(3-methoxypropoxy) propanoic acid] (PMPP) were weak agonists of human oxahexano 3-oxahexanoate)) N & 20BN, 5 i - RNAE B, P&ETF v b £ALV TONAE SR - HepG2#BA2% ALy - PFOALPFOHIZ D\ T, HepG2iilaic &\ T =3 B BEF pik o PFOAL Y b&E A 2147, £ FHepG2illlaic 1} 2 PPAR a (REFMIEMBIEFRE
PPARy . The other human nuclear receptors (PPAR &, CAR, PXR, FXR, LXRa, RXRa and RARa) were not ate))(GenX PFHxS CONALERBIEF 754 v — £ AL TY 744 LQPCRTREGTFRRAE, WEFRBAA © - PPARa 7 T= 2 F OGWT76474 £ UWY14,643(2, CPT1A, HMGCS2, FABP1H & UPLIN2ORBAFML 724, GWTBATIZWY14,6432 LEEL T, ZhoDBMBEFOERLIEEVTLYEATH-f. TAD2OOPPARa T ZEMAT2MAREN 1. FET~EZ LI, ZOinvitoHRTRES L
affected by any PFAS tested in this study. Although PMOH was more effective than PFOA in stimulating PPAR a ) PMPP (3H-perfluoro- PFOA® & U'PMOH: =2 hI2 & 3ACOT1H & FACOX LB B D > APOAL . GWT64TIZ & > TENENLAME (p <0.05) £3.3t& (p<0.05) DLALETHTMICFMEN, CYPTAIOMETFRERI fERIE. ENENOPFASOBEALOUME Y BLBEDATH T, 2T T
in the transactivation assay, it was less effective in stimulating PPAR a -dependent target gene expression in 33 ~250uM (MEAREM WY14,64312 & > Th A CED L1 (0.625 : p <0.01) . PPARABHDRBL 27, PPARa 7T T=2 b STHEERW LA o1 DRI, BAEREOFRLEE FCBBPFASES L S HENAEERRIC
‘human HepG2 hepatocarcinoma cells. Notably, any effect observed in this in vitro study only occurred at ‘methoxypropoxy) B RARE) *PPARQ7T=2Z b &£ E LT, PFOARELK & W1-PPARa RIBETF ORE HROHEETR L. BEHEED50uMTIE, PFOARCPTIA (655, p<0.001) . CYP2B6 (1L.2f& p<0.001) #£LUPLIN2 (20.75, HLTROTHLEEIL AR SBVAEMATRE NS,
concentrations higher than 10 u M of the respective PFAS which is in all cases several magnitudes above the propanoic acid]) p<0.001) DOBEEFHRBAEFM L4 ACOTL, ACOX1, FABPL PPARABMGFICREEARIFEHA ot Ef. PFOAFCHRIC & > T, APOAL (0.59f%, p<0.05) £CYPTAL (0.22f, p<0.001) OREFRBEFES L1,
average blood concentration in the Western population. Thus, the results suggest that nuclear receptor * PFOA& L4 LT, PMOHIZPPARa BMIBEF ORRICH LOTF 1L EE LA RIEFSHh . BERED250uMTE, PMOHIZCPTIA (L7148, p<0.001) . HMGCS2 (2.8f&. p <0.001) # & UPLIN2 (1.41&; p < 0.01) Dillix
activation may only play a minor role in potential PFAS-mediated adverse effects in humans. FREEODTHISRLIA, HOPPARa BNBETFORRICIHELS5ALH o, LA 2T, PMOHIZPFOAL Y b #A%LPPARa 7 T=2 b TH B & 5 IcBbnf#'. PMOHTIAPPAR a fFHHREFRBICEL TR THROM

EFAOEEHPFOALY BV Z L ARENL,

S63invitro (3%  Epigeneti toxicity of PFOA and  Perfluoroactanoic acid (PFOR), an extremely persistent perfluoroalkyl substance (PFAS), and 2,3.33- 2020 Wen, Yi: Miri, Tosicol In Vitro. 32068100 GenX - GenX GenX:97%  HepG2ER R | MTT7 5 ( © PFOA: HepG2AiR (20,00018K2/7 2 1) . GenX: HepGZifil) (TO0OR/ 7= 1) . - WA : - RIHH  Neytral Red7 2 [ 510C, HepGZRIBITEPFOAD 100 M 600 4 M TR R IRFFIIHRIIEHA L1, 600 MTRASTHOWD (RIVEIR: R'2 - 0.83) o GenXI¥ < AH CHBRARER2004 M CHIRE | - 1§ < Bk OHepG2ER TRIEF RRRIFE (5> R, PFOAIE BEORRT B A
GenX in HepG2 cells and their role. Tetrafluoro-2-(heptafluoroproposy) propanoic acid (GenX),its shorter chain alternative, have been imlicated in Niharika: 2020 Undecafluoro-2-  PFOA : 98%LE AR, MTTRELRNL, &b IBmEE, PFOA: 10~4004 (ML (BHRELR: R'2-099) . 200~10004MORE CHEDITHS (BHER: R2-0.98) 5, WERIROF A F % &> X HEFORBLED (COKNIA, COKS, RPSE,
in ipic metabolism, hepatacellular damage with unusual fat deposit and iver enlargement,In this study we explored the underlying rudayarai,  Juni65:104797 methyl-3- CREFE = b3l F 7y HepGRRE (70009 21 | BREASIUEEEINeutral Red M. GenX: 20~1000 - RIHHE : MTT7 &4 11T, PROAIE < B THAMIZLN - T = Sth ot (100uM R LA, 2004 MTERME) . GenXif < BETHREETI AL KITLGORIIND | TETHRI0-LIEA T A5 b oo Ao st :

mechanisms of PFOA and GenX induced hepatacellular damage. Liver hepatocelular carcinoma cell line HepG2 Joseph ot oxahexano acid &ML, 2BIEE, 100 MU ORI TUSEAT EFIC L <SMRAATR . 400% & U600 MTEHB AN b 1, TETL TET, TET30RIBIND .4 CRAREABRET (ACSLL ACOX20Z
was used as a model o study induced live inflammation i viro at the cellular, genetic, and eplgenetic evels 10.1016/10v202 (CASRN 13252-13-6) REEFRBAIT  GenX 7c KPFORE (6 : DMSO) , HepG2iiEa (10.00048R/cm2) IiBATEE 1L 48 RETRRRIT © PROAIS  BEORMTE, MBAIROF A+ 5> X MEFOHELEH (COKNIA, CKS, RPS6, KITLGMBIN) . TET BEO-IIREAT A b oo U555 —4  TETL, TET2, TEIORE  RIN) OBBAR AL, —5, Genkif  BEOBITIE, BaxdREHS
HepG2 cells were exposed to PFOA or GenX for 48h and the DNA and RNA were extracted and analyzed. mRNA 0.104797. Epub “PFOA (7 BN, | U7 MEERNAL: GRT-PCRIE w BEV (AcsL1, DEEHH BN, 5, CenXiF< BEOBETIE, Bax®RIAL A% HNL (Neutal Redic £ SRIMBIERELIAN », MOAN, TH b2, WHMEF bt (Neutral Redic & 3 RBBLRIE L8 4, BOMG, 74 b—>
expression analysis of PFOA exposed cells showed that cel ycle homeostasis genes were affected 2020 Feb 14 L) - Global DNAX 7 LAt 744 : HepG2iiah i L 7-DNA 100 ng, EpiGentek MethylFlash Global DNA AR HEA TR 5 oK, 2, BREF CRRETN A CEBIASNLD T,
significantly, as well as the ten-eleven translocation methylcytosine dioxygenases (TETs) and the essential lpid Methylation (5-mC) ELISA Essy Kit SREFRBRIT - HepG2IBROGIobal DNAX FACT €4 Tht, 7B/ A F AL < LIEPFOAIE < B CISIATRE £ EHBILI 0IH L, GenX TIN5 I U, - PFOALGeNXDTED z 47 1 7 7 LHERROLBIHELT, PFOATIET
metabolism genes. GenX did not have as significant an effect, Global methylation levels of HepG2 cells were PFOA: 20~200u P EUIKEC ZOEEEE
found to be inversely proportional to PFOA exposure levels, With GenX, the global methylation level decreased M, GenX: 100~600 AR ERRTH ST EARE AL,
and then increased. Our work points to the fact that PFOA may contribute to higher overal epigenstic toicity um
than GenX, and its induced epigenetic changes may play a major role in lipid metabolism gene regulation and
fat deposits.
592invitro (&% I vitro characterization of the  We have preuiously shown that PFOA and PFOS directly suppress cylokine secretion inimmune cells,with 2012 Corsini, Toxicol Appl 22119708 PFBS  PFBS NTPEORIE - BAGTHE (A BEUK L € FAMMY »/SEISBU 394 b4 B RIETPRCSORE © PFCSOMME : L & hAMMY A BH A4 b4 B RIETPRCs R S hOHIRTE, PROMIBEE L. BB ERROEMES SRS A &
i) immunotoric potentialof several  different mechanisms of action, I particular, we have demonstrated a role for PPAR-a in PFOA-induced Emanvela;  Pharmacol. 2012 pros EVRGARY B (AN FF-hBENS - BEAT T4 TAERLAKMAIOBARL, PFCs 0.1~10ug/mL) ELPSE L ISPHAGTFET CHA2ME 1 € FRIMY > /S | - REABLRS ¥ 7 1 7HbIRLABMRIH LT, RAFALPFCHIR L KPFCOLFNELPSHEL LTNFa = 1A, PFOALPFBSIE foo KEEF—HBBEAAAN | L. THEHKES L—3 2 4 EAEE 5T L, PROSKIT - HAORGERIHY
perfluorinated compounds (PFCs). immunotoxicity, and that PFOS has an infibitory effect on LPS-induced I- B degradation. These studies Sangiovanri, Jan PrOA 7 R LrckmmEnE s £ UTEEEE, RISEUB A b ROBHRE S —h S BONLRRGE KN, PRESHRIEOREBEIH LCBREATNL ) LA, BENTREAL, BRHEEICE b O BRELAL<LOFBERETC £, PROSAOIE B

investigate the immunomodulatory effects of four other PFCs, namely PFES, PFOSA, PFDA, and fluorotelomer Enrico: 15:258(2):248- PFDA - THP-1 (human 2. THP-LfRRAI 511 3 LSS RTNF - a B2 BT T PRCORE © AUBHIERET - PRCSORBISIRRICH T B EOTRILFET 370, 5% K3 —b SRR L& AMHELPSOFET TPFCs L0ug/mL LR L, TNFalithicH T 550 e K LLRR, TNF FECILR b0 I DEMBIL. ZORE, 4> 7T FAY A LR IR LTHIE
using in itro assays. The release of the pro-inflammatory cytokines IL-6 and TNF-a was evaluated in Avogadro, Anna; 55. do Fluorotelomer promyelocytic celline) £ AR RERATHP- LR AT S TORRTI, BREIIM L7 % S ERORPMILGIOTION  PFOsORE 1 0.1~ AMNOAHPFCHREREHEII L. Blth 5 ORME KA TBEAFE I Tt LRCEAEL RILLC Y, PRASHEBRCHS h R EERIETC &
lipolysaccharide (LPS)-stimulated human peripheral blood leukocytes (PBL) and in the human promyelocytic Galbiati, 10.1016/itaap.2 PrOSA cells/mil=FRLA10% VRN () S TS L1, TNF-a RUEHFRORTITIR05x 106 BREHEL,  oug/mL - LPSEFIEIL-G MREIEPFOSA, PFOS, PFDA% S U7 A% 07 0¥ — T & NcA, PFOAS £ UPFBSIC DEBIT A RIFT S £ 1 o7, #55 T (ntroduction £ ).
cellline TH-1, while the release of IL-10 and IFN- . was evaluated in phytchemagglutinin (PHA)-stimulated Valenting; 01111004, Epub DAY TOy bR 106 BREEEE L, 2. THP-LHBRAS Y - TRIEAS A b 54 ST RELAS B0, Kith FTPFCs 104 g/mL £ LTc, PFBS, PFOSA, PFOSH & U7 F 07 0y — (THEIEKOPHARSEIL-I0MIE £ 35 LAAS, PNy Bt | - PROOREFRORIES 3 5 7= XALo\ TORRI ELTRLT, Bk
HPBL. All PFCs suppressed LPS-induced TNF-a production in hPBL and THP-1 cells, while IL-6 production was Viviani, Barbara; 2011 Nov 1. 3. THP-LARRAI 41 3 LPSTENF- « BEEIIRS T £ PPAR (LI RIZT PFCOR BLPSHRTNF-af (PFOSA, PFOS, PFDA% £ U7 A4 07 0Y —THA L e, PFOAULPSHIBOMEA L i, PFCORTREIEHAIEC, PFOSA, PFOS. 7407 BY—UTHEAOY A b 74 2 EBAHE L, i, PPAREHL, RERBUEOMFEIET SR HHTHS, FHRTI
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593invito (P34 Perfluoroalkylated substances  The substances (PFAS) acid (PFOS) and acid 2018  Behr, Anne-  Toxicol Lett. 29601859 PFHxA  PFOA PFOA: 96% | H295R MARAHL @ R LEREGE O EREEE “PFOA, PFOS. PMOHIRE2AUHIC £ BERA M Z ML, PFOS, PMOH. A
) (PFAS) affect neither estrogen and (PFOA) are used for the fabrication of water- and dirt-repellent surfaces. The use of PFOS and PFOA was. Cathrin; 2018 Jul291:51- PFBS  PFHA PFHXA : 207%  MDA-kb2 fELFAE + HEK293T, MCF-7, LNCaP3: & UHZ95RHEA : MTT » 4 CETOMEBELV - PFOA, PFOSH & UPFHAS : 1004 ME TRESHA L (£HE) PFHAA, PFBADHTAIMI & ARG E I L 7e, H29SRR 704 KT Y
androgen receptor activity nor  restricted due to their reprotoxic properties and their environmental persistence. Therefore, industry switches to Lichtenstein, 60, doi PFBA  PFHiS PFHXS : 208%  HEK293T SRR E: * MDA-Kb2H2 | WST-17 44 HERE  ~500uM - PMPP, PMOH, PFHXA, PFBAZ £ UPFBS : 500 M THIEIH I/ L (MCF-TBUN MCF-T 1004 M THIRIH A L) £ Tt PFOALPFOSIET k> AilE DT HIREL, 7RV 7RV S
steroidogenesis in human cells in  alternative PFAS, however, in contrast to PFOA and PFOS only few toxicological data are available for their Dajana; 10.1016/j toxlet. PMOH  PFBS LNCaP2 0 — > FGC IR @ ERLH— 2 —BEFT v 4 (FIZRH/TYHI=R MR 2. ERL -2 —il{E @ ERLF— % —MEFT v 1 : BIEPFOA & > ThF AT Lz ©hSOREUTNTIOUMUEORET
itro, substitutes. The molecular mechanism(s) underlying reproductive toxicity of PFOA and PFOS are largely Bracuning,  2018.03.020. (ammonium PFBA PFBA: 98%  MCF-7#ERH - HEK293THRA MM : ERa (PCMX-GALAN-hERa-LBD) #7:(4ERS (pCMX- GALAN-ERB-LBD) £ &b,  FTv4A - PFOA. PFOSH  UPFHAS 1 1004 M £ TERa 5 & VERBBHAAFAERE i > 2o BRI, W0uMUTORETELTAOPFASATF L XLORSUL Y FFA
unknown. Here, the endocrine properties of PFOA, PFOS, and of six substitutes including, Albert; Lampen, Epub 2018 Mar perfluoro(2- PFOS PFOS : 98% GALKFFIEN S 7 3 5 —H LK~ —7 522 FpGAL-(UAS)-TK-luct & UpcDNA3-RIUCTIAIE b 5 R 727 b & |+ HEK203THi : - PMPP. PMOH, PFHxA, PFBAZ & U'PFBS : 5001 M% TERa & UER B BMAIEMERE it es v HpEEER LA 0T,
acid (PFHXS), acid (PFBS), acid (PFHx), Alfonso; Buhrke, 27. methyl-3- PMOH (ammonium  PMOH : 99% e, - PFOA, PFOSH  UPFHXS 1 EZTHIBL ER a 45 & UERBEROMS (7> 8 F=X bEH) WBBLALA T (~1004M) . - Thabb, ST MR L0 M
perfluorobutanoic acid (PFBA), ammonium p (PMOH), and 3H-p Thorsten oxahexano perfluoro(2-methyl- PMPP : 98% « MR 0.4 IMOE2TFER (IR T THA RE ORBME L 2B > % 25— h L, ZO%MIERRLL - PMPP, PMOH, PFHxA, PFBAZ & UPFBS : EZTHIML %ERa 5 EUERBIEROMS (7> FTZR MEH) GRHSNEN T (~500uM) o TOREHST LM, FMETRILENTLALOTY FFRA Y bR
[(3-methoxypropoxy) propanic acid] (PMPP) were examined in vitro by using human celllines such as MCF-7, ate) ES 9725 —CERENE, + E2 TR ER BB DBNAPFOAL £ UPMOHTI® b hre (BAETOHE2OMAIFR) . £, PPASG(EC SICBE LB TR € b ICRabEm & RIEE AL AIRMEATR
1H295R, LNCaP and MDA-kb2. PFOA, PFOS and PMOH enhanced 17 § -estradiol-stimulated estrogen receptor oxahexanoate) (GenX @ARLF—Z—REFT v 24 (PA=Z /T2 2= MFA) @ERI Y=Y Tred wEnt,
activity, and PFOS, PMOH, PFHxA and PFBA enhanced dihydrotestosterone-stimulated androgen receptor - D! + D! lucif v FrEOrYBS - 1nMOE2MCF-TREIOMIE IS ¢ 7o, SURLIPFASHL TR, E20IFET TIREIERMET, 25 pM E20% & T THMCF-TREOMRIHEL 54 -7,
activity. In the H295R steroidogenesis assay, PFOA and PFOS slightly enhanced estrone secretion, and PMPP (3H-perfluoro- GULAANF AL FISBILS 7 25— LR— 5 — £ RET 5 RERBHE - EZFET CRBEBREOPMOH, PFHA, PPHSEEE L18s, MBS L7k ) CRALA, Tho N H s REThh 7, <axvis
progesterone secretion was marginally increased by PFOA. All these effects were only observed at ENIES < (18104 cells/ = ) (HHE, 248k, 10M DHT (BHENED OIFFET # 1 HHET THe LRED - MCF-THRIC +1 3 EREATRIZF ORI RITTPFASSORE (GRT-PCR) : E2XTFFL, GREBL, PGROMIEFRIEYSHHML LA, ESRL, ESR2, CTSDOWEL AMRHELRI A7, MCFTRREZNEAD - TZ hAs Y ERKIHLTS, T KRy BREH LTHHBNERR
concentrations above 10 1M, and none of the PFAS displayed any effect on any of the molecular endocrine methoxypropoxy) WERWEEROL, 08> 28— 3y, TORBREBRL, 1Y 71— CERENE, PFASTAELTS, Th i Feo ALTLB, Invito&in DS HT 3D
endpoints at concentrations of 10 1M or below. Thus, as the blood serum concentrations of the different PFAS propanoic acid]) @ H2IRERV AT O FEBRT v 4 : @ ARLF—Z—BEFT 1 HLLA, DCEBLCONOPFASI I D & I LfE A H 5T ERASIT,
in the general Western population are i the range of 10nM or below, the resultssuggest that PFAS might not + H29SRAERD : $8R (2 10°SHARY/ 7 = V) %24, BRAMEEFN, 48HHA %2 ~— MpEnEE S, B (DHT) (€4 - TS MCHIME RAAf, HEICEER L APFASIEL TN G 100 4 MORE E TARE BRI L&A o e, BN B BARMUTETE AV, A H=XLEERBLE
exert endocrine effects in humans at exposure-relevant concentrations according to the molecular endpoints . © L MODHTF & FCHiLE s 5REOPFASS L 38 L 7oA, ARESERE Lih 5%, THUIH L, PFOS, PMOH, PFHXAS & UPFBAIL, DHTRIMIC & 5ARL - % — B EARKFNICARIE LA, CONANY TREELXMTHS,
examined in this study. CEMFIREIVA—, TR RV, FRPRFAVBEETAY AT O OLALEELISAT y FERNTH RS & OPFASIAEASO 4 M E DA IR E Nfe, 254 MLUF O RE THOHTAMARE I KL B £ B 5 >
. CARDTIZR MBEUT Y S AR MCRGT BINCaPIRERT, AREHECH T 5PRASOIEIRE 2D ORI L7 7y & 4 THI~T, DHTIE, PSA, NKX3-1, TMPRSSZBET R34 W5 ML, COKNIARIET 5
®ERSY—¥TyEd FUIDHTIC k> THBE ey 7, BRLAPFASSOIE C BTH TN ORIBEF RL TR LB LEEL SNEh o7,
« MCF-THIAA AU © 122 10°4 18R/ = )V T, BRMEE WIS k025 oM EFET T4 ¥ F 2~ ® H2OSRMRUS BT 5 X704 KEART v 41
[ + IR Oforskolin ° prochloraz/ R 704 KAULE Y & ARISHIML 720 & (IHIZ, PFASSItHZOSRIRO X 701 KEAMICIIEE A L BBEE RGN >k, PFOSTHE LA HOSRITIEY A Y = 270 ¥ L
« MO B IHROMIEEE T, AADTRIERLAA, PMOHTET R F 27 0> L <L ABBIET LT,
® ERHRT-PCR : - PROALPFOSIC & U B ML BEBILORTIR 0> THEAMINER LT, TR b5 Y7 —LBEELTROPFASI b DEE B LA 12
« MCF-7filf, LNCaPHiR2. H295RHRIETIF | MCF-THINE T k0% x > 7Y 3k, INCaPHIRGT > K7 CTRTOBACHLT, FNESBER EHEN MOBETF TOBTE RN ERR DR E S R E BT LT, HIISRIERA >ERNAL I L. aRT-PCRAIIAITo, %DM
V227U —EHTEE, A7 A4 FESRCEET 5 REFORRERL,
- B HRNEE URMIEE, BRFFAESET A, © 74 MADY ST L AHIGRIEIATIE, CYPIOAL, CYP21A2, CYPI7AL, CYPIIAL, STAR, HSD3BIB(ZF IS, 504 MLT R SR > 1A, BEREOL004M PFOMFET THRICRISML
595 in vitro (AEE acid acid (PFBS) is used as the replacement of perfluorooctanesulfonic acid (PFOS) since 2018 Qi, Weipeng; Food Chem 30031040 PFBS PFBS <7 A3T3-L1kERARISEM b #AREPFBS L 6EMEHE. WIREFT : MTTT v &4 (ARAIEE) . 0. 10, 50, 100uM - 6BRIPFBSIE < i &k 2HMEFF 22004 MOBRE £ THELZ Y LH o1, <AAY B> A
1) (PFBS) potentiates adipogenesis 2000 because of the concern on PFOS' persistence in the environment and the bioaccumulation in animals. Clark, John M;  Toxicol. 2018 - 6BMIPFBSIE < Fic & 23T3-LIMRAF O Y 7+ Y F (TG) AEIF200uMTIZ35%MINL 72, S0RTI00u MTH21% 5 L UB%EML 1. LIEORRTIIPFBSOBEBRE100uME L1z, —2E LTREERDEN, 7720 TVWEHER: (abed) A& <h
of 3T3-L1 adipocytes. Accumulating evidence has shown the correlation between the exposure to perfluorinated compounds and Timme-Laragy, Oct;120:340-345. - 6AMIE< M- L TCEROMEERAOVWMAML (28M) NI CBRERERSIHEALE, DB, AXELTRERORVAXTEEL. LAL, BEA KIOUMES
enhanced adipogenesis. There is no report, however, of the effect of PFBS on adipogenesis. Therefore, the Alicia R; Park,  doi: - PFBS (504 £ TF100u M) & 48FsfIE < Bk (MM si 1 ARE & le~TI3% RU0% AN L #=. Z LiEmitotic clonal expansion (MCE) @iEtifbic &3 &EZ vt HEORTIH B, BoNICPFBSHBERENCHEERL TS, &1, #
present work aimed to investigate the role of PFBS in adipogenesis using 3T3-L1 adipocytes. PFBS treatment Yeonhwa 10.1016/j.fct.201 < PFBS (100uM) |$3T3-L1RRARISEMINE £ 6B R T® (. IEIHMIEOMLICE 22>/ LEBRTF [CCAAT/T o Ny —#&% /37 a (C/EBPa)E L UPPARY ., IEHEHOF — 2> X7 DT £ FL-CoAh LK F AANZZLIEDLTH—HRALAILTVS, BEELANTHS.
for 6 days extensively promoted the differentiation of 3T3-L1 preadipocytes to adipocytes, resulting in 8.07.031. Epub 7=+ (ACC) & & UIEREEE S B % (FAS)] OmRNAL ~L &SI & 1. PFBSIZARSAHALE & (<MARs > 7 F L HliDF + —¥1/2(ERK1/2)D U v Bl & BB IEHL L1
significantly increased triglyceride levels. In particular, the treatments of PFBS at the early adipogenic 2018 Jul 18. - PFBADTGA O EE IEMAPK/ERK* + —+ (MEK) FAEHOU0126(= & > T, THHE N, 2 MEK, L T3T3-L! Feo Efol 27— Y TIRERK
differentiation period (day 0-2) were positively correlated with increased the triglyceride accumulation on day 6. DEEFIDEEHAEHENTV S,
PFBS treatments significantly increased the protein and mRNA levels of the master transcription factors in
adipocyte differentiation; CCAAT/enhancer-binding protein a (C/EBP a) and peroxisome proliferator-activated
receptor gamma (PPAR y ), along with acetyl-CoA carboxylase (ACC) and fatty acid synthase (FAS), the key
proteins in lipogenesis. PFBS significantly activated the phosphorylation of extracellular signal-regulated
kinase1/2 (ERK1/2) after 4-h treatment, and PFBS' effect on triglyceride was abolished by U0126, a specific
MAPK/ERK kinase (MEK) inhibitor. In conclusion, PFBS increased the adipogenesis of 3T3-L1 adipocytes, in
part, via MEK/ERK-dependent pathway.
596invitro (P34 Perfluorinated compounds affect  Perfluorinated compounds (PFCs) are & large group of chemicals used in different industrial and commercial 2013 Kjeldsen, EnvionSci 23764977 PFNA  PFHXS (C6) 95~98% CER (TAREVIvER | ER:3E, (BHXE) E2 (PIZRN) FLEICI182780 (FYAT=RE) CER:10°12~10" @ ERESEALFA | SWETERT T2 2 M ERE, Cho@BVERT T=2 MEREAT B, < invitro g CALIFR (ER/AR/T7 B Y% —+) A
) the function of sex hormone applications. Studies have suggested the potential of some PFCs to disrupt endocrine homeostasis, increasing Lisbeth Stigaard; Pollut Res Int PFOS (C8) ) EEERLT 4 ARD B (BHFE) DHT (PI=2 1) am + PFHXS(ECS0) : 5.8 10°5 M
receptors. the risk of adverse health effects. This study aimed to elucidate mechanisms behind PFC interference with Bonefeld-Jo 2013 PFOA (C8) MCF-THADMVLNERES | - 7074 —€ 1 (BIHE) 4-A0D (MEA) AR 10%9~10%4 - PFOS (EC50) : 2.9%10°5M <axvis
steroid hormone receptor functions. Seven PFCs sulfonate (PFHS), rgensen, Eva  Nov20(11):8031- PFNA (CO) @ M - PFOA (EC50) : 6.5%10°5 M © SCRHS05 £ IS RO 5 5 BEAHAOUMEBOTHS T & RRIABN,
sulfonate (PFOS), (PFOA), (PFNA), (PFDA), Cecilie 44, dor PFDA (C10) AR (P FOUVER STOYE—E: - PEAREAH 35X 10°5M (RBEERE) THEKERKE TR A, ECHORAHTET, ERY =2 MERPART ¥ # T2 MEREIARENTU S, 77 LIFAE LT
(PFURA), and (PFDoA)] were analyzed in vitro for their potential 10.1007/511356- PFURA (C11) ") EEERLT e @ DHTIZH T sELSELREY T B (7> KOz 68) 2R, 1£PFOS, PFOA% &1, ATHLY,
o affect estrogen receptor (ER) and androgen receptor (AR) transactivity as well as aromatase enzyme activty 013-1753-3 PFDOA (C12) MMTV-LUCL 7 5 —EEF + PFHXS (1C90) : 9.8 106 M
The PFCs were assessed as single compounds and in an equimolar mixture. PFHxS, PFOS and PFOA Epub 2013 Jun &~ SR E ¢ 7:CHO-K1fl < PFOS (IC90) : 21x10°6 M
significantly induced the ER transactivity, whereas PFHxS, PFOS, PFOA, PFNA and PFDA significantly 14, 2] + PFOA (IC90) : 5.6x10"-6 M
antagonized the AR activity in a concentration-dependent manner. Moreover, PFDA weakly decreased the cTOvE—wE E b - PENA (IC90) : 32X 106 M
aromatase activity at a high test concentration. A mixture effect more than additive was observed on AR LA BRIEC- IR - PFDA (1C90) : 6.9% 106 M
function. We conclude that five of the seven PFCs possess the potential in vitro to interfere with the function of L &1 (1C90) : 4.1x 06 M (), 7.5x10°-6 M (FHE)
the ER and/or the AR. The observed mixture effect emphasizes the importance of considering the combined CRAMT A TED @ 707 —CMEE | #—PFOATELEE(FANA SN,
action of PFCs in future studies to assess related health risks. PRASHE DS ELESNER - PFDA : 1x 105 MTTIR 1 (100%) 085% I<(E T,
BTy A
597 invitro (A% Effects of perfluorinated alkyl acids Perfluorinated alkyl acids (PFAAs) are stable chemicals detected in tissue and serum from various species, 2016 Halsne, Ruth; Toxicol Lett. 27511595 PFNA PFOS (4 YU 7L4H) PFOS:>98.0% MCF-10A%R2 : 3HZ& 12 b 1. E@HEHh OMCF-10AMADIE < 5 : 1. Ef@Eith o 1. E/F iR OMCF- 10D (£ < & : - MCF-10Ai3 & iRt SRRt LIRS R O & F IR LM TH HMCF-1008 A
i) on cellular responses of MCF-10A  including humans, and have been linked to adverse health outcomes. Experimental PFAA exposure in rodents Tandberg, Julia 2016 Sep PFOA PFOA : >96.0%) U 7% VIMBIC & Y Hiheh T F F- £37°CT24, 485 & S o MCF-10AMRRDE< @ MIRAS L MRFE~OEE PIRE, 70-¥4 bx+Y-) PATFEAL L - TEREMAH TH 5. MCF-10A0D. TREREEE. UREEO
mammary epithelial cells in has been associated with changes in mammary gland development. The estrogen receptor (ER)-negative human Isabel; Lobert,  30;259:95-107. PFNA PFNA: >97.0% OEEEH. - 24, ABRUT2RMKICHIREEML, Pl (37{L7aEYIL) RE7A—%4 b4 Y —RE, " - fElaE#M~0EE L LTIE, PFOS (500mM) &PFDA (500mM) (728 < @ikI-sub-GO/GIABEDHE B4 MEMAH S 1tz PFNALPFDAIC I < B & h - #EA b-GO /G1E TR A BA: TN TEALICEE LR VTV EEERERRT B BICA
monolayers and on acini formation breast epithelial cell line, MCF-10A, can be grown as monolayer, but also has the ability to form three- Viola Hélene; @ doi: PFDA PFDA @ >98.0% 2. MCF-10A#8#2 THRS LUREORMAICRETHE N sub-GO/GL Lk B Miz3 LA BEMES. WHNTEf, MCF-10AMRIIE TR 4 v 28 (ER) BT, BEMELE
in vitro. dimensional acini in vitro, reflecting aspects of mammary glandular morphogenesis. Cells were exposed to five stby, Gunn 10.1016/j.toxlet. PFUNDA PFUNDA : > - B & OMCF-10A%BA2: ik, MatrigelTM (2%) & EGF (5 ng/ml) &AL, SHEEA10,000~15,000#4/mLIc FE : 100~500 4 M * PFOA$ & UPFUNDA% 7285 (£ < B & n - #A2 T3, sub-GO /Gl HEDF. Roohihot, Zh B ABAEEESA LD o, DRBEHIC & BB L7 —H—ERBT 3 (Introduction& Y).
different PFAAs, sulfonate (PFOS), acid (PFOA), acid Charlotte; 2016.08.004. 95.0 WELL, 4B TE IR ESEL, MatrigelTM (2%) & EGF (5 ng/m)&5& ML 1. 2 REEEEREE O REOBRMEA~ORE - BEEETIE. BEEOPFOS, PFNA, PFDA (400-500 mM) ®&ABIE5EE
(PFNA), acid (PFDA), and acid (PFUNDA), both in monolayer and acini Thoen, Even; Epub 2016 Aug 7. N i DIFCHE ETHE. 3, 5. THLU0BHCHBZEMRL, £/%Y PAOBEBHEFC - EFICRBICLBERROFRRATHBOBRICS LT, EEOMRICI0MULOSEEFCELTLREREES ALV Etbh 21, ZORE. BHEEL0uMIC T HECHME 11 PFOALPFUNDARERERIFS Hh ot ERBREOR
cultures. In monolayer cultures only the higher concentrations of PFOS, PFNA and PFDA (400-500 u M) caused a Ropstad, Erik; EREEERRE. 85 L U128 L RERMREOHEE, " - BERAOAMERE (3, 5. 7. 108) HLT, BEERATHL ER"L"RE" MLt ERAIC I, ARLAREEE (0.6mM) 25 F TICPFOS, PFNA, PFDAIEC
significant increase in cell death, whereas PFOA and PFUNDA had no effect. Normal acini maturation was Verhaegen, - 4 CERBAT=Y 7 —H=) £ FGM 130 (LEOHBOT—H =) 2E - HRHEFME + PFOAEPFUNDALZ (< &N/ (10B8EICIZ6mM, TBE L 108260 M%< H) DIRE (< 2105~10% 0" RE"%IRE OREHH SN XFEACPFOS, PFNA (SBE) . PFDA 3BE) < BEALBE TR, 06 BIcL2BEE,H LN, BRINABRICE, BRS 722 -0fEMLOR
negatively impacted by PFOS, PFNA and PFDA already at the lowest concentration tested (0.6 u M). Observed Steven Bk A ¥ ax—t, BE:06, 6. 60uM mMA ST TEREBLEMIHONL, ZOBE, 10BE206 MMEE MMTI0~45% D" RE"GIREHEET S L5 2% ), 60mMMOTHE L 108 BIKRHOMAELBRE HL L. B LN BT EN
effects included loss of organization of the cell clusters and absence of a hollow lumen. Overall, this study - L= Y- E R : BREE TR, 2. MCF- TUERICH B EROSEIL L) S RIFTPFAAIEC BOHE FEMLTLBEROER L RECHET SMENEREYE TS LA REN
demonstrated that PFAAs can interfere with cellular events related to normal development of glandular breast - BREORE L REY DRBHROBEMR AT © - MCF-10ABIIDIRTER =511 5 LROSEEDT—H—TH S B-HT =¥ OREERE £ /< N BB-hT=vRBEEE %5 L#=. PFOAEPFUNDAIZ < BTIRHMMB &R 7o
tissue through ER-independent mechanisms. OBRFEOER"H"RE"HOSM G, 5. THLUL08): BEMLE 7 IS —BoM@RICHE L2 T 22— (M DHHHHBONIDIH L, PFOS, PFNAL LUPFDARK BTRBREOREI - EEERIEFLEZLARALHTH 12
Enft. SYFEROZ 7 RAE—EFEBLES (3,5 8) . MlarBRENLE T IS -BDI 72— i FBEREIC S 2" RE " LIREOFSH. PFOS, PFNAL L UPFDADE < BB TI20.65 & U6 ug/mLTRBRENICEML DI L, PFOAS LUPFUNDAR K BB TRIFE DREFCHERAONED o 1. <AAYE>
et KYFEROZ 7 RE—EFELED (1. 108) . BEEOAMRE EOHEICLS. - LEOSEEIE VT ERAOT—H—THECGMIB0DBEIC L > T, BEOERSHELFARICARTETSS Z LARENI. GMI30 ZEH# L L1 RE"HBEHVIBESEHIC S 2EEHPFOS, PFNAL LUPFDAD | - 600NMTHEAH TS, $E5<H 73S LERRTLHRERNHIOTREL
@3k cxBHET EERLES TN (< B TI0.65 £ U6 g/mLCARMFRISEML 01K L, PFOAS £ UPFUNDAI < BB CLIBEORELHERH O NuA o 1o, B, ABORE (LAAORELED) CRETHRAEELT Y FH4 Y b
3.5 LRAEMN BB, 1L, EREFRERFESLTLRVARMELNSBY, &5
- BEORED S, PEASHERIENAIT &4 L CHREROERS RIS T SBNSREHET 52 LARENL, RO BB B,
598 in vitro (A% Effects of perfluoroalkyl acids on  Perfluoroalkyl acids (PFAAs) are perfluorinated compounds that widely exist in the environment and can elicit 2013 Long, Manhai;  Environ Sci 23539207 PFNA PFOS 95~98% - BRIV E CREER | - BREBA LT REEEREMET v £ (TR U=V Ty ed 1x10"-9~1x10"4 @ #BA2EtE (GH3#AZ) : PFUNA% & U PFDoAD 2 E A1 x 10°-4 MTHRSR 277 (RofboPEI@RSELL) o <AAYE> A
i) the function of the thyroid hormone adverse effects including endocrine disruption in humans and animals. This study investigated the effect of Ghisari, Pollut Res Int. PFHxS HRET v 4 : GH3MlE - AhR-tact” vt 4 : {c&HEME <R, £7-1360 pM TCOD L #IE< 8 M @ BRBALE Y RAOEE - basal cell growth#' % 7% V) £ (1ML <L) THEEZTHY, GH3MEMR
and the aryl hydrocarbon receptor. seven PFAAs on the thyroid hormone (TH) system assessing the proliferation of the 3,3'5-triiodo-L-thryonine Mandana; 2013 PFOA (7 v b FEEESSK) - #BAREM : LDHT v £ 4 - T3(31x10"-10~1%10"-8 M- L 1x10"-8 M Rl ZDEC50(20.61nMTH > 7=, DEFELSEROBHTOTY FRA Y P ELTREECHZHS LAGZL. Biklg
(T3)-dependent rat pituitary GH3 cells using the T-screen assay and the effect on the aryl hydrocarbon receptor Bonefeld-Jo Nov;20(11):8045- PFNA - ARREEEHLT v 4 ¢ - T3 TR, T 10-4ME Lamot, i 7THEE LBEHBOMIEIEDE L. PFOS, PFHXS. PFNA, PFDA% L UPFUNADSHIE TIRARKENLEBIMAOEIH B0 O, FLEVEETOEREIRLDZ—YEH2TLEOT, BRIBILEYRE
(AhR) transactivation in the AhR-luciferase reporter gene bioassay. A dose-dependent impact on GH3 cells was rgensen, Eva 56. doi: PFDA Hepal.12cR (PAH/HAHZ%# 0.5 nMOT3& THE & MR- T 2 BEEAORE TR, PFOS, PFNAS L UPFUNAAL X 107-8~1x 10"-4 MOBE TT3F R MIDEME BB IHD & €1, PFHXSIZ1x10%-8~1x10"-5 MOBEBE TR T 3FR ALTOHRVARMAFEL. LEL, REBCGHIEHEEDT v M ICBVTHS
observed in the range 1x 10(-9)-1x 10(-4) M: seven PFAAs (perfluorooctane sulfonate (PFOS), perfluorohexane Cecilie 10.1007/511356- PFUnA MLy Tz —ERRAY fElEE BRI EY & €. PFDAEPFDoAIRLX10M45 X U1x 105 MTHBICHD & €1, &, FCEBRAMELTLEY, HIRE LTREVEVRIREOT, TyedRE
sulfonate (PFHxS), acid, acid (PFNA), acid (PFDA), 013-1628-7. PFDoA K —EAREH) @ AnR{ER~DEE : LT—RILT BDRN— F DB,
acid (PFUnA), and acid (PFDoA)) inhibited the GH3 cell growth, and Epub 2013 Mar * TCDDW2x 10"-12~5x 10"-9 THBKFMICHBICANR tact £FM L. BAANR tact FRERIBRAROL2METH 120
four PFAAs (PFOS, PFHxS, PFNA, and PFUnA) antagonized the T3-induced GH3 cell proliferation. At the highest 29. * PFAAS® 7 T= 2 MR TCODDHAFE T T, Hepal. 12cREBAE~D I < FEIC & BARR tacte LTHIE & W, BRBAEE (10°4 M) TPFHxSE PFUNAICARR tact D B BAEA A& o fa’. Thidilestc L 208
test concentration, PFHxS showed a further increase of the T3-induced GH3 growth. Among the seven tested DA E & SNt PFDoAIRLX10"-9~1x 10"-6 MOFEE TAR tact 7 T=2 &M £R L, TCODELh~5 LfEH THLANRT T=R MHERERT EEAONE,
PFAAs, only PFDoA and PFDA elicited an activating effect on the AhR. In conclusion, PFAAs possess in vitro - TCDD (60 pM) SFHHANRERISHT 27> 2 T=2 MERISOL TR S WARER. PFDAS LU PFDOAX ENENL X 10"9~1x10MT M, BT
endocrine-disrupting potential by interfering with TH and AhR functions, which need to be taken into 1x10"-7~1x 10-6 MTTCDDFEHANR tact Z1giNE ¢ 1=,
consideration when assessing the impact on human health.

D1125 #BfaEit Investigating the cytotoxicity of Per-and polyfluoroalkyl substances (PFAS) are a family of man-made chemicals with currently over 4'700 2022 Amstutz, VH; Toxicology. 2022 36075290 PFBA PFCAs PFCAs HepG2#8ia LMBRRERFE  MTTT v &4 © 3W00 & /- (2 20W5 53R PFASRALERE : 0. 1 MBERFF <AAVE> A
per- and polyfluoroalkyl compounds identified. While toxicological data are available for some of the legacy PFAS, such as PFOA and Oct:480:153312. PFHxA PFPrA (C3) PFPrA (C3): 97% 2. ROS (EME%ES FH) EEMERE : DCFH-DAT v & 4 : 30 & 7 324 RE 3% 5. 25, 50, 100, - PFOA. PFNAS L UPFDA : BEKEMNLBREFEORD (3R, 4RAEE) - ZOFRIBEBEOPFASOMIEE Y £ ROSEMHRE R FHES 2BIO G
substances in HepG2 cells: A PFOS, a knowledge gap remains concerning both emerging and legacy PFAS' toxicity due to the diversity of the doi: PFNA PFBA (C4) PFBA (C4): 3. #EREA FEFE : Rosenmai et al. %, LC-MS/MS 200, 400, 800 uM - C8L Y #RMIEVPFCAs : BREBMEETHEL L (WEEEH) DTHY. FKHOPFASOBH TR cHALEHRLRUT 2TRMH S5,
structure-activity relationship PFAS. Therefore, a better understanding of the PFAS structure-activity relationship may prove helpful. The 10.1016/j.tox.202 PFBS PFHxA (C6) PFHxA (C6): 97% CHEAFRLTRE 2 EEEEHOPFASs :
approach present study investigated a potential structure-activity relationship between PFAS and hepatotoxicity. As such, 2.153312. PFHpA (CT) PFHpA (CT): * C8TIIPFOAL PFOSTHIREFR O BEKFEMLFEL (3FM) . CATIRPFBSOZBERFNLHED (2055 | COTIIPFHXSOABMKEFMLFD (24550)

the effects of thirteen PFAS with varying carbon chain-length and functional head-groups (in a concentration PFOA (C8) 99% 2.TC50 (uM, mean)

range of 0-800 mu M) on the cell viability of HepG2 cells and intracellular reactive oxygen species formation PFNA (C9) PFOA (C8): 95% « PFBS (863.3). PFHxS (577.1). PFOA (3 hr: 363.4; 24 hr: 374.7), PFOS (3 hr: 319; 24 hr: 344.3), PFNA (3 hr: 429.8; 24 hr: 113.2). PFDA (3 hr: 278.9; 24 hr: 172.9)

have been tested using the MTT and DCFH assay, respectively. The exposure times were either 3 or 24 h. In PFDA (C10) PFNA (C9): 97% 3.ROS (EtEE%) Ll :

addition, intracellular PFAS levels were determined in HepG2 after 24 h exposure. The present study PFSAs PFDA (C10): + AUC(ROS, 3 hr) : PFNA (4.4% 0.7), PFDA (3.2 + 0.5), PFHxS (3.2 + 0.6), PFOA (2.9 + 0.2), PFBS (2.3 + 0.1), PFBA (2.2 + 0.4), PFHxA (1.8 * 0.6), PFHpA (L5 + 0.2), PFOS (1.4 + 0.2), PFPrA (1.2 + 0.6), 4:2 FTOH (0.4 +
demonstrated that the cytotoxicity of PFAS is dependent on their chain-length as cell viability decreased with PFBS (C4) 98% 0.2),3:1 FTOH (0.2 + 0.2), 6:2 FTOH (0.1 + 0.1)

increasing chain -length at both exposure times. Calculated Relative Potency Factors (RPF), based on the TC50 PFHxS (C6) PFSAs + AUC(ROS, 24 hr) : PFNA (4.7 + 0.5), PFOS (3.9 + 0.8), PFOA (3.8 + 0.6), PFDA (3.8 + 0.9), PFHxS (2.9 + 0.6), PFBS (2.2 + 0.3), PFBA (1.6 * 0.6), PFHpA (1.3 * 0.5), PFHxA (1.3 % 0.4), PFPrA (L1  0.2), 6:2 FTOH (0.4 +
values, were used for a tentative ranking of PFAS regarding their hepatotoxicity: PFNA > PFDA > PFOS >= PFOS (C8) PFBS (C4): 97% 0.4),3:1 FTOH (0.2 + 0.3), 4:2 FTOH (0.2 + 0.2)

PFOA > PFHXS > PFBS >> PFHpA = PFHxA = PFBA = PFPrA = 6:2 FTOH = 4:2 = FTOH = 3:1 FTOH. Similar
results were observed regarding intracellular reactive oxygen species generation at both exposure times, with a
tentative ranking of: PFNA > PFOS > PFOA >= PFDA > PFHxS > PFBS > PFBA > PFHpA >= PFHxA > PFPrA >
6:2 FTOH = 4:2 FTOH = 3:1 FTOH. Moreover, a concentration-dependent reactive oxygen species generation
has been observed for all PFSAs and PFCAs, but not for the FTOHs. In conclusion, the carbon chain-length and
functional head -group of a PFAS determine their in vitro toxicity for the two toxicological endpoints assessed in
the present study. Moreover, no effects were observed for the tested FTOHs. As such, the present study
established a po-tential structure-activity relationship that opens the possibility of developing a predictive
model to help with the risk assessment of PFAS in the future.
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- RPF(TC50) : PFNA (3.3  0.1), PFDA (2.2 + 0.3), PFOS (L1 + 0.1), PFOA (1 * 0.1), PFHxS (0.7 + 0.1), PFBS (0.4 + 0), £ D dPFASsIEMiRg {74 L\ e RFPE HHITE

- RFP (AUC) ¢ PFNA (12 * 0.1), PFOA (1 * 0.1), PFOS (1 * 0.1), PFDA (0.9 * 0.1), PFHxS (0.8 * 0.1), PFBS (0.6 + 0.1), PFBA (0.4  0.2), PFHpA (0.3 * 0.1), PFHxA (0.3 * 0.1), PFPrA (0.3 + 0.1), ZD#DPFASs (62
FTOH, 4:2 FTOH, 3:1 FTOH) CTIASDAAE Lo B¢ 7,

- PFCAsH £ UPFSASD R BB & & £ AUC(ROS) & DIEH : Logl0(AUC(ROS)): PFCAS T 1415 % 0.085+ 0.026 (R2 = 0.675) THffl. PFSASTI3{Ai% 0.062 * 0.001 (R2 = 0.999) CHIHMO K.

5. #IIIMPFASL ~ b (IF%)

- PFOS (0.892 * 0.499%), PFDA (0.352 + 0.222%), PFNA (0.302 + 0.213%), PFOA (0.245 * 0.151%), PFHxS (0.083 + 0.039%), PFHpA (0.044 * 0.016%), PFHxA (0.039 + 0.015%) and PFBS (0.016 *+ 0.01%). PFBA (not
detected).

6. HEEEHEAEE ¢

- FFBHE M T BPFASDIEN S ¥ % > 7 ¢

- RFP(TC50) (TC50 {1 %3 < AH# 7L (RFP)) : PFNA > PFDA > PFOS = PFOA > PFHXS >  PFBS >> PFHpA = PFHxA = PFBA = PFPrA = 6:2 FTOH = 4:2 = FTOH = 3:1 FTOH

* RFP (AUC(ROS)) : PFNA > PFOS > PFOA = PFDA > PFHXS > PFBS > PFBA > PFHpA = PFHxA > PFPrA > 6:2 FTOH = 4:2 FTOH = 3:1 FTOH
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D1129 @& Evaluation of the indvidual and  Although human exposure s o mixtures of per- and polyfluoroalkyl substances (PFAS), their combined effects 2021 Ojo, AF; Xia, Q; Chemosphere.  34022600PFNA  WA(Z< @ :PFOS A (&% HepGfii CHRERE MTT7 21, 20REEE PFOS. PFOA, 1 BRIOPFASE 2 > 2NEBHAI & 5 REAE~OLE | PEERAS A
combined toxicity of perfluoroalkyl and underlying mechanisms remain largely unknown. In this study, the combined effects of PFAS was Peng, C; Ng, IC 2021 (C8), PFOA (C8), L) « HBAROSE AL  DCFH-DARTLY 0 —7ik, 24BMIEE PFDA, PFNA, - PFOS, PFOA, PFDA, PFNA, PFHxSH | BT SRRATFEOHS  CORLTIE, PRASHIEWABOTIY, REGFNLEREE L GSHL <
substances to human liver cells  investigated by treating human liver cels (HepG2) with various concentrations of perfluorooctanoic acid 0ct:281:130808. PENA (C9). PFDA <SRS0 5 F > L BITE 1 GSH-Glo™ Glutathione Assay Kit, 24875 PFHXSH 102, - PFDANS 1 2, 20uMTAHRICHD, PFNA, PFOS, PFOA: 20 MTHRHD, PFHXS : 20uME THELFER L LOHSEERTTH, BRL A RERE T A BRSO A RS
using biomarkers of oxidative  (PFOA), sulfonate (PFOS), acid (PFDA), acid (PFNA), and do (€10), PFHxS (C6) 2. 20uM - PRASOIIBL £ HAIE £ OMICIKEDIRAS U, PFDA (RRHRI0) HSRETHRAGEBAFAZRL, RO TPFNA (C9), PFOS (C8). PFOA (CT)5 & UPFHXS (COIDIRTH 5, FRIEHUIEERLTOS, TOTEMR, PRASIE SIS, ROSEL
stress perfluorohexanaic acid (PFHXS) individually or in binary combinations (PFOS + PFOA, PFOS PFDA, PFOS PFNA, 10.1016/j.chemo 29EG 1 PFOS+ PFOS024M+ - 2#EUFICEBHRE LT, PFOS+ PFOA, PFOS + PFDA. PFOS + PFNA, PFOS +PFHxS, PFOA + PFDA. PFOA+ PFNA, % L UPFOA + PFHXS bRERAMAIIEIF (BB Amsh, ERENSEREOHA & ENRIHRS N2 ARLERT bOT, WHIPPASOBRREAEL 21
PFOS PFHxS, PFOA PFDA, PFOA PFNA, and PFOA PFHXS) for 24 h using an orthogonal design. The individual sphere.2021.130 PFOA, PFOS + PFOA 0.2 M, TH SN RRBFAEE 4 14-81%, 33-96%, 7-85%, 6-38%, 18-04%, 7-57%, HEUT3%THo%, COHMBRENGT 3 BB £ HILT, SLANONUMTORBTOIHBAFEIH >N, PFASOH | THELAG LKL,
and binary combination effects of PFAS on the cytotoxicity, intracelular reactive oxygen species (ROS) 808. PEDA, PFOS + PFOS02uM+  FRIIEC RBEIRETH T EAREE NS, (1 2 PFOS (204 M) & PFNA (204 M)OBRIS < BRIZPFOS (2014 M) % 72 EPFNA (20 M0 1T N WHIE B E BT, BAMO BB S NL, B
production, and glutathione (GSH) levels were determined by MTS assay, dichlorofluorescein diacetate assay, PENA, PFOS + PFOA2uM, PFOS FIBF£ 35T HBLTST HEA BoNT, RHRITN TS 5 £ REE Lz,
and GSH-Glo (TM) Glutathione assay, respectively. The results showed that exposure to PFOA, PFOS, PFDA, PEHXS, PFOA + 02uM+PFOAZ0u | - ToOHANLT CRETEAOARAREFRIEH S hh o7z
PFNA, and PFHXS individually and in binary combinations caused concentration-dependent cytotoxicity to PFDA, PFOA + M 2 @RIOPFASE T 2MEN I & 5 HEANROSEE~OHE :
HepG2 cells. Also, intracellular ROS production was not significantly induced in both the individual and co- PENA, and PFOA + PFOS024M+ - PFOS, PFOA. PFNA, PFHASH : SEIPROSED L <L EXEB 2% L (02~20uM) .
treatment groups, indicating that ROS production may not be likely influencing the combined cytotoxicity of PEHAS PFDA0.21M, - PFDANE : FIRIMROS L~ (12(8)
PFAS to HepG2 cells. However, the depletion of the intracellular glutathione levels was correlated with PFOS024M+ | - 4ffBF : PFOS + PFDA (20 +20 M), PFOA + PFDA (20 + 20 y M)DHIE ¢ [HEERIRROSL <L B HD, £ DIEDSIDREE THIEL L,
cytotoxicity. Moreover, the factorial analysis results showed no significant interactive effects between PFOS + PFDAZuM, PFOS | - To0UANET TROSEE~OREAIEFREH 5 Nk -7
PFOA, PFOS + PFDA, PFOS + PFNA, PFOS + PFHXS, PFOA + PFDA, PFOA + PFNA, and PFOA + PFHXS. Taken 02uM+PFDA 20y 3 BRIOPFASE % N b2MEHMIC & 5 ML 554> (GSH) L~ LADLE :
together, the results showed that both individual and combined PFAS could induce concentration-dependent M - PFOS, PFOA, PFDA, PFNA, PFHxSHIL | MIEIFFHI S REINGSH L ~ L0 EEDH D
cytotoxicity and depletion of GSH levels, but could not induce significant increases in ROS production at the PFOS02uM+ - PFDANS 1 2, 20uMTAHRICHD, PFNA, PFOS, PFOA: 20 MTHRHD, PFHXS : 20uME THELFER L
D1132 #BfaEit oxide dimer oxide dimer acid, also known as GenX, is a poly- and perfluoroalkyl substance (PFAS). 2021 Yoo, HJ; Pyo, Heliyon. 2021 34765786 GenX GenX (7>»E=7L GenX:Ti# HepG2iiig - HRREEE C MTTT v 4, 12F 1 (2485R1E S GenX : 40, 100, 1 EIRERE - GenXRTH b—REFAL, FEMELEL B LARENL, A
acid (GenX) exposure induces PFASs are nonvolatile synthetic substances that can be readily disseminated into the environment during MC; Park, Y; Nov;7(11):e0827 ) Ex 9] - ROSE4HE : DCFH-DAT v £ 4 (SH3HAD) 250, 5004 M - 1285RALE S © GenX: 250 u MLLE TREERFFNICE D, PFOA (40uM) : HEICH D, 48FMIMLE : GenX: 100 u MLLE TEEKERICHD. PFOA (40uM) :GenX 500uM (MAZELHF: 52.0%) LREREDHS (A
apoptosis in HepG2 cells processing and use, making them easy to implement in the soil, drinking water, and air. Compared to other Kim, BY; Lee, 2. doi: PFOA: AL TRV RLE: 7A—YA P A=~ PFOA : 40uM 43.4%) <AV b>
PFASs, GenX has a comparatively short carbon chain length and is expected to have a lower tendency to Kw 10.1016/j.heliyo - T b= ABEREFRE (MRNAL~L) : gRT-PCRiE 2. HlBPROSE £ : - GenXid, fOPFASE I8 L TREMRALLBIVEC. £ F~OBRAHHIE
accumulate in humans; therefore, GenX has recently been used as a substitute to other PFASs. However, the n.2021.e08272. ST b= ABE S 37 HIB : Western blothET - 128505 & : GenX: 1004 MELE OSHE £ DKM, 1285M1ILE : PFOA (40uM) : FIFBD L1{ERENN vs GenX (250 u M): [FIL.35¢E & LEFHENBLH, BATRBOPFASOREYE L LTEABEIATLS, L
mechanisms underlying GenX action and intoxication in humans remains unclear. In this study, the apoptotic 3 THRb - REE L&A, FMXL TIRGenXp HepG2Mliglc 5LV TEMBMEERNE LTTH b~
capacity of GenX in human liver cells was investigated. When representative human-derived liver cells (HepG2 « 1285040 : GenX: 40, 100& & U250 MTE 4 AR OHIL18, 1.285 K FLITEICHEN, PFOA (40uM) : 3 FRBEOIILA46E < HEh0, CREBIERITIEETRLV S,
cells) were treated with GenX for 12 h, cell viability was reduced, and apoptosis was greatly increased. In 4. T b =2 ABEREFHR (MRNA) © 1280 E £ ERRATHEAR (HepGAf) TOIER & TS IRBY
addition, GenX increased the generation of intracellular reactive oxygen species (ROS), indicating the induction * Bax MRNASIR : GenX: 40 u ML TRBRFHIC K, PFOA (40uM) B Y Bl
of oxidative stress in a dose-dependent manner. GenX treatment increased the expression of major apoptosis- * Bel2 mRNARIR : GenX: 40u ML E DL < BB TPFOA (40uM) BEL Y (EfE
related genes relative to the untreated control group. This research indicates that GenX causes apoptosis « Caspase-3% & UfCaspase-9 mRNA : GenX(d < B CRERFNIC LR, PFOABLEBTLR.
through ROS mediation in HepG2 cells, which may expand our knowledge of the molecular and toxicological * P53 L T'CHOP mRNA : GenX( < 84 L UPFOAB THBIC LR,
mechanisms of GenX. 5. T7HMb—L RBI#E N RR (T REYTAy b)) 126MAE
* Bax : GenX\d < &85 L UPFOAR THEI K.
- Bol-2 : GenXif < BEBET S > /¢ BT,
- Caspase-3. Caspase-9. p53# & U'CHOP : GenX(d < BBt T4 /{7 REH(A,
- GenXJLE# (=Bax, Caspase-3. Caspase-9. p53# & U'CHOPDMEHN & Bol-20E T A% Sl Z & D, GenXiEHepGAfZIc 5L TT K b= RICHMT 5 L R & N,
6. LW
. BLT, TFETH -2 A0EMEE LS. GenXi3MIBMOROSEEZMME ¢, ABKFNICHILR FLRA2FB L. GenXBEHTREELT R -2 28
D1147 #BfaEit Cytotoxicity and cellular uptake of To address the health and environmental concerns associated with perfluorocarboxylic acids, the assessment of 2016 Kasuya, MC; J. Fluor. Chem. PFHxA PFHxA R L <7 AR EEBL6HE MRS AR, MY AK R B8R v Fax—a 0.25-1,600 pg/ml - PFHXAD I8 % 0.25-1,600 pg/mI )R EEFEE T48 MMM L -85 R. 0.25-200 ug/miIERE TI2B16 MO ER LM, MM, HAEABH o0, BROVE~OEEIHONEN >f, EFEFIFNBEBATHY . HE~OR I8FAIEOMAE~OIY AH B8: Table 2 A
perfluorocarboxylic acids cytotoxicity and bioaccumulation of perfluorocarboxylic acids is essential. This study investigated the effect of Hatanaka, K 2016 Aug:188:1- PFNA PFNA HEIBEH o >t PFNATI, BLT AL, #REACERL, M@ BONL, PFHxA: i & hf
perfluorocarboxylic acids having various chain lengths on mouse melanoma B16 cells. The extent of cytotoxicity 4. doi: + PFCA 100, 200 yg/mi0#% % FTB16 #lla% 1 > ¥ a~— b LERER, PFASOBROEMICHLEFBROBAED LEZ Ep D, HRARVPFCARMADR F L AHL Y REVWZ LATRE AL, PFHpA: 1.7ug (1.33%)
of acid (C6), acid (C7), acid (C8), 10.1016/j.jfluche * LC LCESIMSI= & Y #ig~ DR Y ;A% 8% i~ £, PFHXARRIH S NTBRAOMY AR I HETH S LRE N, PFNATIE, HIR~IY AN BH'8.35 ug (5.14%) T, PFCADBIRICHVERY 5AH B DREM: PFOA: 2.47 pg (1.7%)
acid (C9) and perfluorodecanoic acid (C10) within a concentration range of 0.25-1600 mu g/ml was determined. ‘m.2016.05.006 Bt PFNA: 8.35 g (5.14%)
Based on results, the viability of cells was 90% or higher in the presence of C6, C7, C8 at a concentration of up PFDA: 38.42 ug (21.36%)
to 200 mu g/ml, indicating that B16 cells are safe in the presence of C6, C7 and C8. On the other hand, moderate
cytotoxicity was observed with C9 or C10, even at a relatively low concentration of 25 mu g/ml. When cells were Table 2i=, C8#°2 DA T BA, X &SMLTTFRMOCEILCI (PFNA) & HIlif
incubated in the presence of the same concentration (100 or 200 mu g/ml) of perfluorocarboxylic acids, the
number of live cells decreased as the perfluoroalkyl chain length increased suggesting that long-chained <AAVb>
perfluorocarboxylic acids are more cytotoxic than short-chained perfluorocarboxylic acids. The correlation CREORLTIAA QAR BIFHOSL I OHLEVELY LBRE
between cellular uptake and perfluoroalkyl chain length was also investigated. The presence of C6 in the cells A<, MIEAANOIY AK LB VAE IR E i,
was not detected probably because of poor uptake. On the other hand, the presence of C7-C10 in the cells was
confirmed and quantified by LC ESI MS. Results showed that cellular uptake of long-chained perfluorocarboxylic.
acids were significantly higher than short-chained perfluorocarboxylic acids. (C) 2016 Elsevier B.V. Al rights
reserved.
D1202 invitro (P34 Varied thyroid disrupting effects of Due toits potential adverse effects on human health, perfluorooctanoic acid (PFOA), one of the once widely 2021 Zhang,SH;  Environ. It 34246126GenX  GenX, e 7 R BB R CHRAHE IWST7 €4, DHT e, 24, 48, E7T2RMIER CERETEE 01~ LA (Introduction &) A
) perfluorooctanoic acid (PFOA) and used legacy per- and polyfluoroalkyl substances (PFASs), has been recently replaced by its novel alternatives Chen, K; Li, Wh; 2021 ADONA, FRILS, - SEEMARAE T MTTT £ 4, 24, 48, E1-QT2RMEE 1,000 ng/mL - FRTLSHATIAPFOA & GenX(i£ < SR & BMICHAT LTHA L, GenxadFhPFOAL Y Hib R AKE 1>, NHTHERITH LT 6 PFOAE GenX TIFRTLS & FIRORRAH b1, GenX THRREFROMSGEYKE D> « 5 CABTENART, AR LT
its novel alternatives including hexafluoropropylene-oxide-dimer-acid (GenX) and ammonium 4,8-dioxa-3H-perfluorononanoate Chai, Y; Zhu, J; Nov:156:106745, PFOA MERE PRIER © BB LT MEIBEREF S ¢ semiqRT-PORIE, 2481 - ERMARILE 0.1 72, —%. ADONAIRLTNOMEIIH LT TE LB ST, LDSOMGenX TOBFHIRETH e BTBL, —BUFRIEEE L BE AN B S,
hexafluoropropylene-oxide-dimer-  (ADONA). These alternative PFASs are detected in water and exposed workers. PFASs can enter organs like Chu, BF; Li, NY; doi (Promary normal human © BRI LT MEIBES <SR P RE YT 0y RN, 248570 ~1000ng/mL 2 fARMREESFR : +PFOAL L3 L IH, THs
acid (GenX) and ammonium 4.8-  thyroids, however, itis yet unknown whether the new alteratives are safer than PFOA. In the current study, we Yan, JL; Zhang, 101016/} envint. thyroid cells): NHT «BRIALESR - FRTLSHIRICH LT, PFOAL GenXif< i sh, B 51 PRI A, TR RS < i Tee NHTRELT S PROAE GenXICHIMMBE DR | A ESATA L,
dioxa-3H-perfluorononanoate  compared the thyroid disrupting effects of PFOA and its alternatives GenX and ADONA in vitro with both rat SLiYang, YP 2021106745 BT/ 5250 % EHB NN, BECHEEREHS NN T, ADONATE U RIS H LT & SRS (E R & R & o Fe, « PFOAL SRS IE T4 5 GenX £ ADONA® kBN C LIFAIE 7 v b & & b
(ADONA) in vitro thyroid cell line FRTLS and primary normal human thyroid (NHT) cells. Cells were exposed to ascendant doses Bi0lng/ml 3 BRERAESHEEERET ORRLE | DR AL TR L
of PFOA, GenX or ADONA for various incubation time and cell viability was assessed by WST-1 assay and LOH - ERATEONS bR G B0 b N1 > ADONAL &, IMET~T TR L IBEF RTINS 5 N, MEMTRL 5 REFOLHAH SN,
assay. The proliferation rate of survived cells was determined by crystal violet-based cell proliferation assay - 5 FRTLSHRICHU T, PFOAT pax8n TN £ tpon SIH S A A BICHI 51, GenX Tlkpax8h & UMM £ -1 & UnisdFIMA HBICHD b 17z, ADONATkpaxORANcHhis i i,
and MTT assay. The gene expression of thyroid hormone regulation-related genes in thyroid cells after - € FHSTHBIS B LTI, PFOATEpaxsH & U & D, GenXTHpaxgs & U -1 £ U 5517, ADONA 51, FRILS L K~ TPFOAIS
exposure was quantified by RT-PCR and Western blot. Our data showed that both PFOA and GenX reduced <BEEILE S, A REEHRE N,
thyroid cell viability in both dose and time dependent manner, with GenX being more toxic than PFOA at the 4 BB E S HEIERET 0 X ¥ ) LA TORRES ¢
same condition. Similarly, the proliferation rate of cells survived exposure to PFOA and GenX was considerably - FRTLSHRICHUT, PFOA, GenXis £ UADONAGIME ST, ¥ 7t —B THEINH b hopex85 £ UUFLO2ODREFIONT, T2 R8> 70y FEBHY/8) LA TORBHRIERT-PCROBIEE 0—HH RIS
impaired, with GenX showing more profound adverse effect than PFOA. Unlike PFOA and GenX, ADONA showed e,
no apparent adverse effects on the viability and proliferation of both thyroid cell types. Gene expression data + £ PHNTHRIC SV T o, FRILSHER & FHkICpax-84 & (U 1OBEFES (TRPCR) H% /87 LAl (T2 28 ¥ 70y b) TRRENL,
revealed that all three PFASs altered gene expression in both thyroid cells and the altered gene expression e
seemed to be PFAS and cell type dependent, Taken together, our data revea that the thyroid disrupting effects - PFOAL 2 DR & I & 15 GenXs & UADONAOIMEC LT, 5 FRTLSHELS £ UM E hEFIRER (HNT) SIRICHT 5 BEREE KRR L7, PFOAL 855 UB b
is increased in the order of GenX > PFOA > ADONA. Our findings will be beneficial for the guidance of the . GenXDH T OREHE RSN, MTTT 241 & HREIEIIEICHT5 8T RKICGenX TPFOA L U LA AT bh e, ADONAGTGREIIH LT, MRAFE, MRMENEOLTLORET S HEEA
future usage of PFASs and development of better alteratives, ShAh T,
© 3y bBEUE FRRIEE = BEGSEY A LSV THE LIRR, THERTE ERROBEFORREIAS 5 N H, T8 LIREFE—BEEL (a8
RN #, BANCHES £ CERE A THTRE ATMARE AL,
- MEOFREAOH ALIFAOFEORE (L, Gen > PFOA> ADONA DIETH 72,
D1204 invitro (A% The inhibition of human and rat 11 11 beta-Hydroxysteroid dehydrogenase 2 (11 beta-HSD2) regulates active glucocorticoid access to 2011 Zhao, BH; Lian, ). Steroid 21237268 PFBS. PFOA. PFOS, TR cEMERIZAY -4 - 118 -Hydroxysteroid dehydrogenase 2 (11 8 -HSD2)i= & % 2AF A2 7 0 ¥ DE{LIEH : (1, 7-N-3H]- ~10%-4M “PFBSRE FHEXUT Y FBIZ0Y —LDI1B-HSD2 MEHEBEE L Lh o1, EFBXUT Y FOBIZOY - LD11B-HSD2I T BPFASSOIEEEAE A
i) be and receptors by metabolizing it to an inactive form. Perfluoroalkylated Q hu, YH; Biochem. Mol. PFHxS, PFBS 7y bERIZzaY-L Corticosterone (3H -Cort) A& LHBEHILFIARF AL EBI /0 Y —LEinvitoRF T TRIEE ¢ (NAD+F s EFEIZ0Y—L118-HSD2 DFEFEM (1IC50) PFOS (0.048 u M)> PFHxS (18.97 «M)> PFOA (24.41 u M) LERE LR, MERROHN IZPFASsO K Ri##Ic kL. PFOS (C8)>
dehydrogenase 2 by substances (PFASs) are man-made polyfluorinated compounds that are widely used and persistent in the Hardy, DO; Li,  Biol. 2011 0. 1438) . H#AEE M. Corticosterone (Cort) #5118 - Dehydrocorticosterone (DHC) ~DE#HESER®H S + 7y FBI/AY—L118-HSD2 OEFEME (IC50) : PFOS (0.293 u M)> PFOA (3.80 4 M)> PFHXS (62.87 u M) PFHxS (C6)> PFBS (C4) DI TH > 1.
perfluoroalkylated substances environment. We tested the inhibitory potencies of four PFASs including perfluorooctanoic acid (PFOA), XK; Ge, RS May:125(1- foi, BRI ETLCEEBVWTHERT AL FItaWeSMAE L 1. - PFOSH'B IRy —L118-HSD2 OIEFEMARLHL (IC50: £ b 48nM. 7 v F293nM) . - PFOSA /A aanFaq FRECHMLTRLEVASE, CELERERTZ L
sulfonate (PFOS), (PFHxS) and sulfonate (PFBS) on 2):143-147. doi: s EFBLUT Y FEL1LB-HSD2IC 3T 5 PFASsOIEE % Lineweaver-Burk 70 v F (= & U S ~71-. Z DR, PFOS, PFOA, PFHxSE b v FELUE D118 -HSD: H L THARBEORKETRY Z LA L HELA I E NS,
human and rat 11 beta-HSD2. PFOS was a potent inhibitor of both human (IC50 = 48 nM) and rat (IC50=293 10.1016/}.jsbmb. ot
nM) 11 beta-HSD2 activities. The potencies for the inhibition of human and rat 11 beta-HSD2 activities were 2010.12.017. - PFOAL R 2 BEONAD+OBFEETF T v FO118-HSD2&AE L. Lineweaver-Burk 70 v b RHi %17 - -4 R, PFOARNAD + BBEOBS U THMSNEBTNETH L Z LA b >f. ROPFASLEROERTH >
PFOS>PFOA>PFHxS>PFBS. PFASs showed competitive inhibition of both human and rat 11 beta-HSD2 . PFASIRE FEX U7 v 0118 -HSD2ONADRS B TRHIMELOMBL RTHEEHNE LN,
activities. This observation indicates that PFOS is a potent endocrine disruptor for glucocorticoid metabolism.
Article from the Special issue on Targeted Inhibitors. (C) 2011 Published by Elsevier Ltd.
D1207 invitro (f  The effects of perfluorinated The 3T3-L1 preadipocyte culture system has been used to examine numerous compounds that influence 2015 Watkins, AM; Mol Cell 25448844PFNA PFOS (HU9AM%) PFOS (hY 94 Yo AITI-LIBMHEREE  WREPFBS: 6HMEE, WREFTE  MTTT v e{ UHMER . PFOS : 0, 50, - BRI - A & bR CERLA1IRETFO mANA BT TOECRERES O, BENEREE A
) chemicals on adipocyte adipocyte differentiation or function. The perfluoroalkyl acids (PFAAS), used as surfactants in a variety of Wood, CR; Lin,  Endocrinol. 2015 PFOA (T E=0L ) ©>98% 100, 150, 200, - HEEIOY A X AW £ b REREOICARISHD BEOLANEREITHA LTz, Acox] & GapdhEEMOLENT < T TRAN
differentiation in vitro industrial applications, are of concern as environmental contaminants that are detected worldwide in human MT; Abbott, BD  Jan:400(C):90- £l PFOA (7= 250, 3004 M RS ORESEEHER | M E REETNCHD ERUT, SUNETEARLEN >0, PPHISIC & 5Scd10 0L 58
serum and animal tissues. This study was designed to evaluate the potential for PFAAs to affect adipocyte 101, doi PFHXS () D L3) DL > PFOAIO, 5, 20, |+ 9z Aifcy DRTGLL : MEE & RECEE L THIOED (EREDMNE OBEE 50 5) Thotes HAHEYIALPFAADPFOA, PENAS £ UWY TltAcox] £ Gapdh)
differentiation and lipid accumulation using mouse 3T3-L1 cells. Cells were treated with perfluorooctanoic acid 10.1016/jmce.20 PENA 98% 40,80, 1004M - & BRI BT ASER] + Acoxl& R (LR L, BAOR! otz ERHHLNIEET, PFOS, PFHSE EUR TS Y 225 DREFRR
(PFOA) (5-1001.1,M), perfluorononanoic acid (PFNA) (5-10012M), perfluorooctane sulfonate (PFOS) (50-300 14.10,020. [CEST) PFHXS (1) 9 4 PFHIS 0, 40, |+ R ALPPAASTIE, PPARY 7= X OBV S Y £/ B b AMCHS  DREFRROKE AL H e, BEFHEELRLIES, HLFRES LLOPPAASEPPARG 7 TZR FOWY IS THBETHE  ICELAH AL T & EHRNTH 1o,
i), perfluorohexane sulfonate (PFHxS) (40-250 lil), the peroxisome proliferator activated receptor (PPAR) WY14,463 (PPARG ) :986% 80, 100, 150, BT,
PPARa agonist Wyeth-14,643 (WY-14,643), and the PPARy agonist rosiglitazone. The PPARy agonist was TAZZE) | PFNA :97% 200, 250 M
included as a positive control as this pathway is critical to adipocyte differentiation. The PPARa agonist was rosiglitazone (PPAR PFNA 0, 5, 10,
included as the PFAA compounds are known activators of this pathway. Cells were assessed morphometrically yra=Ab) 20, 40, 60, 80,
and biochemically for number, size, and lipid content. RNA was extracted for gPCR analysis of 13 genes selected 100uM
for their importance in adipocyte differentiation and lipid metabolism. There was a significant concentration- WY14,463 (PPARG
related increase in cell number and decreased cell size after exposure to PFOA, PFHxS, PFOS, and PFNA. All TAZRR) @0,
four PFAA treatments produced a concentrationrelated decrease in the calculated average area occupied by 5. 10, 20, 40,
lipid per cell. However, total triglyceride levels per well increased with a concentration-related trend for all 50, 75, 1004 M
compounds, likely due to the increased cell number. Expression of MRNA for the selected genes was affected by rosiglitazone (PPAR
all exposures and the specific impacts depended on the particular compound and concentration. Acox and yTIZRE) f0,
Gapdh were upregulated by all six compounds. The strongest overall effect was a nearly 10-fold induction of 0,010, 0.020,
Scdl by PFHXS. The sulfonated PFAAS-produced numerous, strong-changes in gene expression similar to the 0,050, 0,075,
effects after treatment with the PPARy agonist rosiglitazone. By comparison, the effects on gene expression 0,100, 0.150, 0200
were muted for the carboxylated PFAAs and for the PPARa agonist WY-14,643. In summary, all perfluorinated HuM
compounds increased cell number, decreased cell size, increased total riglyceride, and altered expression of
< assaciate with adinncute differentiation and linid metaholism_Puhlished hy Flsavier lralanl 1 14
D1215 invitro (P34 Activation of estrogen-related  Perfluorooctanoic acid (PFOA) alternatives such s hexafluoropropylene oxide homologs (HFPOS) cause 2023 ChenL,LinX, SciTotal 37574057 GenX HFPO-DA (dimeric  HFPO-DA: 98% Ishikawafiid (€ hFEAR (Ao 7 x5 —LF—5—REFT €4 : HepGiif, 24BMiE < Drs 75—t QAT 27— HLF—E—REFT v A CHFPOWIR hOY v &5k (ER) REBEFEMLTHC EABHINTLS, A
) receptor: An alternative mechanism concern due to increased occurrence in the environment as well as potential bioaccumulation and toxicity. ShiS.LiM,  Environ. 2023 acid)(GenX) HFPOTA 1 07% |4 e%) @ IR v 1 ¢ IshikawalRi2, 48K, MTT7 y 41 —5—BEFTy | HPFOFSIKERRy £ LABBEEILTH T L6 Y, HRMBLIR ROV s ERERLE, ERIEBHITR Oy BEERE (ERR) BREMATH Y, BHoTUBA
of hexafluoropropylene oxide HFPOs have been demonstrated to activate the estrogen receptor (ER) pathway. The ER pathway is Mortimer M, Aug HFPO-TA (trimeric  HFPOTeA:  HepG2fiR2 (& MAFMEMEES (3 GPCR: HFPOTA, PFOA®®., Ishikawaifli (48HEIE<H) | M7 74 v 208 (HFPOTAB LU “£4 HFPO-DA:10 - ERRy (07 F=X MEMORE £ RIFTHPFOSOME ({ERBHE BT 3 SREV 4 MORIE & Y ELAMOBETH - 72, ERRIEHICH T2 HFPOSORBUIRE NT AL, H& 5, ERRY EHEN
homologs estrogenc effects homologous and connected to the estrogen-related receptor (ERR) pathway, but HFPOSs effects on the ERR FangW, LiF, 12901166257 acid) 97% %) PFOA, 10~1000ug/mL, 28FMIE< ) . RNAHL, RT-qPCR M~2004 M, @ T e LEHFPODBEMAT A b 0y AR FEL .
pathway have not been studied. Hence, we assessed the potential estrogenic effects of HFPOS via ERR Guo LH, doi HFPO-TeA PFOA : 99% @EF574 7 2OMFPRANLESWE | MAFEL, THEGETAY 2 = VMEME (HFPOTAL U6 HFPO-TA: 10 1M~ | - HFPO-TAIZERRy /EGF, Cyclin D18 /LT F BB AL ek (Ishikewa) WML I L 2.
pathway. In vitro assays revealed that HFPO dimeric, trimeric, and tetrameric acids (HFPO-DA, -TA, and -Te, 10.1016/j scitote (tetrameric acid)  GSK5182 : 98% PFOAZBEM(E < BikICHZM) 204M, HFPO-TeA: - HPFO-TAR v DHECBTREE L
respectively), acted as ERRy agonists, activating the transcription of both human and zebrafish ERR - at low 12023166251 PFOA 1aM~5 M, @ HFPOTADET 57 4 v & 2 L BRFNLE Y, VIGL <L ORERET ~ORE |
concentrations, but inhibiting zebrafish ERR y at high concentrations. We also found that HFPO-TA promoted Online ahead of GSKs182 PFOA: 1M~100 4+ #4757 4 ¥ 2 ~OHFPO-TAin vivol ¢ Ttz &

the human endometrial cancer cells (Ishikawa cells) proliferation via ERR y /EGF, Cyclin D1 pathway. The
HFPO-TA-induced proliferation of Ishikawa cells was inhibited by co-exposure with a specific antagonist of ERR
¥, GSK5182. In vivo exposure of female zebrafish to HFPO-TA disturbed sex hormone levels, interfered with the
gene expression involved in estrogen synthesis and follicle regulation, and caused histopathological lesions in
the ovaries, which were similar to those induced by a known ERR y agonist GSK4716. Taken together, this study
revealed a new mechanism concerning the estrogenic effect of HFPOs via activation of the ERRy pathway.
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determine the ability of structurally-diverse PFAAs to cause steatosis, as well as to understand the underlying molecular Christopher; 2016 Dec 31. U 7L Bt ot
mechanisms, wild-type (WT) and PPAR a -null mice were treated with id (PFOA), id Wallace, Kendall @ FFRPTGE R : B! HREICEN. SR TSN THoT
(PFNA), or perfluorohexane sulfonate (PFHxS), by oral gavage for 7days, and their effects were compared to that of PPAR a B; Corton, J @invito7 v FEFS b FUTCEE 2 IEMMRO B -BAL © WHMC 2,
‘agonist WY-14643 (WY), which does not cause steatosis. Increases in liver weight and cell size, and decreases in DNA content Christopher; ® PFASIEC BATROBEERMRET CRIETES
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cultures. Microarray analysis of fvers from PFARs-treated mice indicated that the PFAAs induce the expression of the lipid < EES O, PRAACI & NI > BEORRTHTCL <0 L5 & IWEDHRIPFAA L C BRAETEHENITHET ST L ARENS, ThOORMOERS A H=XAM 2 EBAEATIR
catabolism genes, as well as those involved in fatty acid and triglyceride synthesis, in WT mice and, to a lesser extent, in PPAR LAt FHE D IPFAALBRINE £ I E ¢ 2 BA G EHRORHR - AR EBLD/T RN, BRARESNILHTHE LOERREITTL S,
a-null mice. These results indicate that most of the PFAAs increase liver TG load and promote steatosis in mice We S WYD L BENAPPARaEMLHE R, EHMLTCOEME £Y THD . BERAREL LTHEREEFRL GV RIS,
hypothesize that PFAAs increase steatosis because the balance of fatty acid accumulation/synthesis and oxidation is disrupted
to favor accumulation.
569  EERE)Y Differential hepatic effects of Perfluorobutyrate (PFBA) is a short chain perfluoroalkyl carboxylate that is structurally similar to perfluorooctanoate. 2009 Foreman, Toxicol Sci. 2009 19359353 PFBA LESV/129% PFBA, FiE# #0 (8 2880 PFBA: 0, 35, 175, O FFRER  BERTIRELUE HPPARGBAT Y R T, PFI 5 & UWyls 5 8 f-o PPARQ A7 9 AOBELM TR ER ST L 24 011 F 00: 8 FFEHRFHRE 00 : FFAY RS 10 3BLLE - PFBAIEC BBIC & ) BREAUH & ST A Z 1885 T 51800 BT B (< BETHBZLEEHL B A
(PPAR) perfluorobutyrate mediated by ‘Administration of PFBA can cause peroxisome proliferation, induction of peroxisomal fatty acid oxidation and hepatomegaly, Jennifer E; Jul;110(1):204- ERELT Wy-14,643 ) 350 mg/ke/ B L, ff L. E MEPPARG T 7 R TRFRAENERENOREIFEL L) 2RNIELERY S5, L3 Y »HY o
mouse and humen PPAR-slpha.  suggesting that PFBA activates the nuclear receptor, perorisome proliferator-zctivated receptor-alpha (PPAR-alpha). In this Chang, Shu- ~ 11.d PPARG Wy-14663 1 SO me/ke/ | @ FTRORBEAES | FERMOBARBED Yo A5 LU HMPPARGBATI AL bICPFBAMES A (BEWEH £ CEROEEE | BRI RUWRSHTES SO, FEROMELH SR + & MEPPARGEAT 9 RISHUT, PRBANGES L1 AR5 RIMTEON 1o, FRESCEE b &I RTHEN B
study, the role of PPAR-alpha in mediating the effects of PFBA was examined using PPAR-alpha null mice and a mouse line Ching; 10.1093/toxsci/kf #W/I TR, B ES BUWyBSHTRO oM, PPARARMT I AELUE MEPPARa T 7R TRIE BB SN > T2, TENTEEND,
‘expressing the human PPAR-alpha in the absence of mouse PPAR-alpha (PPAR-alpha humanized mice). PFBA caused Ehresman, David p077. Epub 2009 E M @ mEs L PPARaHZI R, £ TIADVThLRERTHEML A, FRPPFBAREOMMOBEA £ FMLPPARa BAT I R
upregulation of known PPAR-alpha target genes that modulate lipid metabolism in wild-type and PPAR-alpha humanized mice, J; Butenhoff, Apr 9. PPARa % TREEL 7 RS TRENCECERCH >,
‘and this effect was not found in PPAR-alpha null mice. Increased liver weight and hepatocyte hypertrophy were also found in John Ly ke @ <. 54 Ue MEPPARG AT 7R TRIBERABH SN 1A, BWERICHATE MUPPARY Y R TR ER LROBE R
‘wild-type and humanized PPAR-alpha mice treated with PFBA, but not in PPAR-alpha null mice. Interestingly, hepatocyte focal Anderson, Cherie {Bhot, —H. HOPPAR a RIBETF DACODMRNAL ~ L A TAE 77 A TRRTH > oo
necrosis with inflammatory cell infiltrate was only found in wild-type mice administered PFBA; this effect was markedly R; Palkar, #iR I PFBAIR® IR Lk FOPPARG % & 6 IERILT B4 AYEITHT 2FSHORGCREENH D LA TEEND,
diminished in both PPAR-alpha null and PPAR-alpha humanized mice. Results from these studies demonstrate that PFBA can Prajakta S; Kang,
modulate gene expression and cause mild hepatomegaly and hepatocyte hypertrophy through a mechanisrm that requires PPAR- Boo-Hyon;
alpha and that these offects do not exhibit 2 species difference. In contrast, the PPAR-alpha-dependent increase in PFBA- Gonzalez, Frank
induced hepatocyte focal necrosis with inflammatory cellnfiltrate was mediated by the mouse PPAR-alpha but not the human J Peters, Jeffrey
PPAR-alpha. Collectivly, these findings demonstrate that PFBAcan activate both the mause and human PPAR-alpha, but there M
is a species difference in the hepatotoxic respanse to this chenical,
574  REREY PPAR a -independent transcriptional Perfluoroalkyl acids (PFAAs) are ubiquitous and persistent t t: ds has. 2017 Rosen, Mitchell  Toxicology. 2017 28558994 PFNA (129/Sveli PFHxS, FiE# #0 (8 786 PFHxS: 0. 3. 10 @ FFRER  PPNAIEC BB TI2, BERO15 L UIme/kg/B. #UIPPARa RIAED3 me/ke/ BT, FIMO@H - X EROMMA LD S, PPHXSIE BB T, BEROIRU10 me/kg/B. PPAR 01:# 00: #& FFERFHE 00 FFAY RS 0 L -+ 4 DOPFAS (PFHxS, PFNA, PFOS, PFOA) 3 E#E#TH%PPARa HALE# 5T EITMAT, CAR, PPARy 4 UERa % EHfLE B A
(PPAR)  targets of perfluoroalkyl acids acid (PFOR), sulfonate (PFOS), acid (PFNA), and sulfonate (PFHXS) ore 8; Das, Kaberi P; Jul 15,387:95- F)MEE PENA, i) me/ke/ B, @ RALD10 me/kg/ B @i Nt WFROBEY cmont, PPARG cBERL, w y B L LSTATS BEMBITH T L AR N, PRASSHE 0k 5 R EAZREOREHBRIEA LTRRCEIS L5227 )7
revealed by transcript profiling. readily found in the tissues of humans and wildlife. While PFOA and PFOS have been the subject of numerous studies since Rooney, John;  107. doi: BeIAE Wyld 643 PFNA: 0, 1, 3mg/kg/ @ LU (EFE) b— Lot (feminization : R E Y DRETRB-FEA-FFRBONCEICSYEL, BHLEVENCETEEEDNS : DEHPO
they were first described over a decade ago, less is known about the biological activity of PFHxS and PFNA. Most PFAAs are Abbott, Barbara; |10.1016/j.tox.201 U B - RUAFRICS T : R THB, LBL, i = CE{S WRTBZLHHAL MR, CE) BB ERT LTV BTN BB,
‘activators of peroxisome proliferator-activated receptor a (PPARa), although the biological effects of these compounds are Lau, Christopher; 7.05.013. Epub PPARa T + PFHXSO{E, BfliARECHLT, PPARa FRFHOMET 2 BANETER S 1 (3 me/kes £ 010 me/kgT24% 5 £ U22%) . {idPFAASIEPPAR a FEGRTFHE % 1045 17% O Lt
likely mediated by other factors in addition to PPARa. To evaluate the effects of PFHS and PFNA, male wild-type and Ppara- Corton, J 2017 May 27 B @ PRARSOCARRIER (=7 2L
null mice were dosed by oral gavage with PFHxS (3 or 10mg/kg/day), PFNA (1 or 3mg/kg/day), or vehicle for 7days, and liver Christopher AT, Tx /0 ER— (PB) (CECBLABER T IR LCaRBYIAOMEFRRTO7 7 AL EHBLEBE, PBERSLEBER T IZORETF 707 7 A L COARELREFRROR
gene expression was evaluated by full-genome microarrays. Gene expression patterns were then compared to historical in- 3 foo FHET A AT —H—EBLB L, ABMDOPFAAs (PFHxS, PFNA, PFOA, PFOS) T CCARDEMALA M Hip’, WY (PPARa#REN) T
house data for PFOA and PFOS in addition to the experimental hypolipidemic agent, WY-14,643. While WY-14,643 altered most LR TS
genes in a PPAR a -dependent manner, approximately 11-24% of regulated genes in PFAA-treated mice were independent of @ PFAASDER o Bl BIE T 58
PPARa. The possibility that PFAAs regulate gene expression through other molecular pathways was evaluated. Using data PFAASEEE LA-BER T I ROMET 7O 7 7 ALt PPT (ERa7I=Z+) 285 LEBERTIAOTAT 7 AL ERBLEBEZR LA, PPTERELAERaRBRIZAOTAT 4 —LiZHES
available through a microarray database, PFAA gene expression profiles were found to exhibit significant similarity to profiles BEEERET, PRAAC £ > THINE N3 REFHIER a (RFEORETHE BRLTUS T LARENE,
from mouse tissues exposed to agonists of the constitutive activated receptor (CAR), estrogen receptor a (ERa), and PPARY . ©® PRASSOPPAR G MADUREREOREFRRLE (% &)
Human PPAR ¥ and ERa were activated by al four PFARs intrans-activation assays from the ToxCast screening program. KRBT AAT—H—ERAT, AEES e 20 L. STATSB (suppression of signal transducer and activator of ranscription 58) i
Predictive gene expression biomarkers showed that PFAAs activate CAR in both genotypes and cause feminization of the liver HEBUTHRO 522U 7 b—LOXEES SR T LARE NI, STATSBOMENZ, ERaRFNICPFAASEERa T IR FC L~ THME N ARETFHIABLEEN BN Eh 5, ERa
transcriptome through suppression of signal transducer and activator of transcription 58 (STATSB). These results indicate that, DEEIL L BE LTV A S TRE NS,
in addition to activating PPAR a as a primary target, PFAAs also have the potential to activate CAR, PPARy, and ERa as well + & FPPARy £ERa & # 7, ToxCast transactivation 7 » £ 1 123510 T, 4MDOPFAA (PFHXS, PFNA, PFOS, PFOA) L&~ TEMALENS Z LA b ot ThoOOKRIE, PPARa DERILICMAT,
as suppress STATSB. PFAAHCAR, PPARY. ERa 7 N LB 2 AHEM AR LT B,
581 EEREHY (5 Exposure of acid Exposure to id (PFNA), an increasingly persistent organic pollutant that has been detected in abiotic and | 2012 Fang, Xuemei;  Toxicology. 2012 22387981 PFNA 1#SD7 v b PFNA 97% #0O (& 1480 02, 15£US mg/kg/B @ MiFH £ URFRIC S 5 ELPHRER FFERFHE 00: L BLLE - BEORRED D, PANANDIECBRITA Y R U ¥ 2 7P VBBROMEEN LT/ —AKMEBEL, VLI -R0FLEREL, 77 B A
i) suppresses the hepatic insulin  biotic mrices, has been demonstrated to cause hepatotoxiciy in animals. However, the effects of PFNA on hepatic glucose Gao, Guizhen;  Apr 11,294(2- ) 02 me/ke/BLLL : MAHDLA L 270~ A “ y 5y FRFRTO7 Y 3= 5 BRERINE ¢F, & bIs, PENAICL >THBENBRILR b L AR DT 02 ACHE LTSNS 5o
signal pathway and increases serum metabolism have not been fully characterized. In this study, male rats were exposed to 0, 0.2, 1 or 5mg/kg/d PFNA for 14 days Xue, Hongyu; 3):109-15. d 1mg/kg/BELE | MFE A2 — RO, HDL/LDLEEDHD
glucose in rts. to explore the specifc effect of PFNA on hepatic glycometabolism and its underlying mechanisms. The results showed that Zhang, Xingtao; | 10.1016/j.t0x.201 5 me/kg/B : MALDLALAF O— L0, FF7Y 3—7 > SRORI, FRICHY SRR L AIEEE (H202, MDA) DA
administration of 5Smg/kg/d PFNA significantly increased serum glucose and hepatic glycogen in rats. Quantitative real-time. Wang, Haichao | 2.02.008. Epub @ BRI 513 5 EFRIR (MRNA) ©
PCR analysis showed that PFNA exposure changed the exprassion levels of several genes related to hepatic glucose. 2012 Mar 1. 02 me/ke/BBLE : Pl3Kea DRBIET
metabolism, such as the glucose-6-phosphatase (G6PC) gene and the glucose transporter 2 (GLUT2) gene, which were 5mg/kg/H : GBPCH & UGLUT20RIM LR, GCKORMET
upregulated, and the glucokinase (GCK) gene and the phosphoinositide-3-kinase, catalytc, alpha polypeptide (PI3Kca) gene, @ FRICH1 5 57 RAL b (Western blotting)
which were decreased. The protein expression levels of phospho-insulin receptor 1RSL), phospho-PIZK, phospho-AKT and 02 me/ke/EBLE : p-ILS1E £ Up-PI3KO 2 /0 RROBREHOND, p-GSKI 0X > /32 FREM
phospho-phosphoinositide-dependent kinase 1 (PDK1) were decreased in the lvers of rats thet received 5me/ke/d PFNA. The 1 me/kg/BELE © p-PDK1 & Up-AKT DI
‘expression of phospho-glycogen synthase kinase-3 beta (GSK3 8, Ser 9) was increased, which explains the augment of hepatic @ i PFNAREE 5 v FEBL T/ —ZARMBLUHTA 2 U Y BEEHHTE L CHELAMEFORREERILHICLY, MFIAVI-RBLUHFSY -7 v 28N ¢l Thbb,
Elycogen. Significant ncreases in hydrogen peroxide (H(2)0(2)) and malandialdehyde (MDA) were found in the ivers of PENAIZS v b ISR E BT 5 AN TR E NS, LinL, PENAOIC BUFFIRTRHLR b LREEL, TRAA ¥ 3 ) S BHOMAEFFZ 02— REGHO D CLICHE LTSNS 5
Sme/ke/d PFNA-Ueated rats. Thus, expostre to PFNA disordered glucose metabolism via inhibiting hepatic insulin signal
pathway, accelerating the output of glucose and increasingglycogen synthesis in the rat liver. Furthermore, the oxidative stress
induced by PFNA may be invalved in this process.
584 EERE% (FF  Kupffer cells suppress Kupffer cells (KCs) have been demonstrated to play a role in the regulation of intra-hepatic lipid metabolism through the 2012 Fang, Xuemei;  Arch Toxicol. 22648072 PFNA 1#SD7 v b PFNAX PFNA:97% #0 (38  148f] PFNASSEERE © 0, < PFNAAPPARQ 7 I=2 F THEHZ LIZBNTH S, PFNARE, F-EPFNALGAC (7 v A —BRMASA)OHAICL Y. T HCI4BMES - L. PINASREOEERBON CEICHL 7 v~ 01: 00: % FFEHRFHRE 00: Y 1:38BLE - Invivods & Uin . PFDAIE< BIc S F7yA—fRN DY P4 OBEAED- TV AMEE B A
i) perfluorononanoic acid-induced synthesis and secretion of biologically active products. The involvement of KCs in the disturbance of lipid metabolism that Zou, Shanshan; 2012 ENESSEY ) 0.2, 1. 5mg/kg/A. HRITEEE R »HY TET BT 2@ N
hepatic peroxisome proliferator- induced by perfluoronenanoic acid (PFNA), a known agonist of the peroxisome proliferator-activated receptor alpha (PPARa), Zhao, Yuanyuan; Oct;86(10):1515- PFNA (po) PFNA (po, [E—AR)+ - PFNARSE (i & 0GACI3 ) SN OEDRS o —75. ASTH £} i LR LAAL GACI3pHAB TIHEE £ < PENAIEC Bk (22 v /A —§BR A SHE S NATNFa &IL-1 BANF-x BOREEN LTPPARa DRREMHTHZ LIk Y, 7 v MFRD
activated receptor a expression by was investigated in this study. Rats were exposed to PENA o PFNA combined with gadolinium chloride, an inhibitor of KCs, for Cui,Ruina; 25, doi: + Gaciz* G4 (ip, 10 me/ke)f | FAOWHHHSNL:, TEERIBHNCHE LTSI H R 501z,
releasing cytokines. 14 days. PFNA exposure dose-dependently increased absolute and relative liver weights, induced triglyceride accumulation, up- Zhang, Wei; Hu, 10.1007/500204- (ip, 10 A < PENAKSE (8503 & UGACI3 () T, BEARRHEENRET (SERBP-lc£PPARA) 5L UPPARaBIMIETF (Cptla, Acotl, Acot2) ORIMAIEM (LRHE) x4
regulated the expression of both SERBP-1c and PPARa, and stimulated the release of TNFa and IL-14. Inactivation of KCs. Jiayue; Dai, 012-0877-4. me/ke) - TRTNFa £IL-1, SR L 7oA, GACI3 (B TE Z ORIEGHEL(CHIH &, PFNARS AR v A —@RICE 15— HOF 1 b a4y (INFaIL-18) EEEE
markedly lowered TNF a and IL-18 level, enhanced PFNA-induced expression of PPAR @ and its target genes, and reduced Jiayin Epub 2012 May 7y = LI EpREN L#rL, PFNATHENNL #2IL-6 & IL-1012 GACI3f# A T I & htxdr >
liver triglyceride levels. In vitro, PFNA-induced expression of PPARa in primary cultured hepatocytes was suppressed by 31. BB ES - Din vivoTOPFNAK BICE 394 b A Y BELRET 7 v A —HROBREHRL 77 v~ MLV Lin vitoRBTERE Nk, 22T, FARERL vitroRER £ RIE L £ RER, PFNAG
recombinant rat TNFa and IL-18. However, inhibition of the NF- « B pathway prevented this. Transient transfection and M0ic £ 3PPAR a BREIBEF (Ppara, Cotla, Acotl, Acot2) TNFa #7211 HMIC LY, LT = CHHIE D ERE N L#rL. NF-«BIEA
promoter analysis further revealed that these two cytokines and NF- x B were coordinately involved in the suppression of PPAR DPDTC (pyrrolidine dithiocarbamate) MFEMIC& > T, TNFa £ (FIL-1 B4R & BPPARa BMBEF ORBROMARTLHE ML, B5. 7 v MIRFBECELT, TNFa, IL-1 B IREMXIZHA
a promoter activity. Our data demonstrate that TNFa and IL-18 released from KCs following PFNA exposure can suppress. [FCHTNF-xBEACHBTHZ L LWRENS (PFNA. WY14,6431012NF- ¥ BEBERIE L) o
the expression of PPAR a via NF- x 8 pathway, which partially contribute to the evident accumulation of triglycerides in rat liver, « R T PNAKEC B2 2 7 A~ I S IRH S N7 TNF a £1L-1 BANF-- x BORERSE N LTPPARG DRBEWHT A2 L1k Y, 7 v FFROTCERICHANIIHE LTL 2 THIEANSR i,
586 EERE)%) (FF Induction by perfluorinated fatty The potency of the induction of peroxisomal beta-oxidation was compared between perfluorinated fatty acids (PFCAs) with 2000 Kudo, N; Bandai, Chem Biol 10670823 PFHA itEkEWistar | PFHA FEM: mE O mE: O @:58M D4 25 5 10, L M#T Y bOFFRATFEY —LICEI S B -RLHSEICRIETPFCASOR! o1:# 00: % FFBIBFETR 00: RS 10 3BLLE - T POFRICBE BT ¥ LY —LBRIAEBONN 2 RRBRORYL B~ 7 1A Ol (PFCA) FITH#LY:, 72 FT B A
) acids with different carbon chain  different carbon chain lengths in the liver of male and female rats. In male rats, perfluoroheptanoic acid (PFHA) has lttle effect, N: Suzuki, E; Interact. 2000 PFNA Ik PFOA RS 15, 20mg/keg/B - BRLERMEHOPFCASOADFRORNAF 2y —LicE 5 BMILEEOBLEREETRL I, »HY . PFHAIIZE A B ERES £h o728, PFOA, PFNA, PFDAIGEM & HW T 2T A B SN, —#, PFHALPFOAIRIES » b
length o peroxisomal idati acid (PFOA), id (PFNA) and acid (PFDA) potentially induced Katakura, M; | Jan PFNA @24~268 @PFNABEUPFDA:  «#73 | i CBULEDPFCAS s TR <A+ — ¢ & ERARE Nz, PFOA, PFNAL £ UPFD: poiEED re DEFRTALT*5) —L BRI EHE Lo 7o0, PFNALPFDASEMISHE L%, TN 5OPFCAL & BEHEBARKEL
in the lver ofrats the activty. By contrast, PFHA and PFOA did not induce the activiy of peroxisomal beta-oxidation in the liver of female rats Kawashima, ¥ 15:124(2):119-32. PFOA ot 20 me/ke/B 85 b 1 COLLEDPFCAS s THF~ L4 % PFHA, PFOA, PFNA and PFDAY — B LRARENL, PENAS £ UPFD) EEO LRARS BAL, . EOBBEFREPFCARE L OMCIE, RARORE £ WEL CHBEBIERNES HNL,
while PFNA and PFDA effectively induced the actvty. The induction of the activity by these PFCAS was in a dose-dependent do FrEs 2. PRCASDITRME (SEMBINES) : < HEORRN S, PRCASOILFREOE LA FREOEROFETIA LT £ £ CRET 5, PROALPINADITRBEMMT ¥ F CH
manner, and there is a highly significant correlation between the induction and hepatic concentrations of PFCAs in the lier 10.1016/50009- L. 2861 < PHA S Bl S FFRMPFHAT SRR (< 3ue/efFRD) . TSy CHECE L, EBLLLET Y b TRIFRPOPFNAREAETL, 72 bR70> £RETH L LOETHARSCEEL
regardless of their carbon chain lengths. These results strongly suggest that the difference in their chemical structure is not the 2797(99)00150-7. EDEETI < PFOA : 11210 mg/kg/ B THELEMETL, 10~20 mg/ke/ B TRGICBMAHR SN, —FA, BELWThORRTLREBRBRHBTS > .
cause of the difference in the potency of the induction. Hep: of PFOA and PENA was inmale |mr + PENA 5 RETI225 me/ke/ B L CRBITRA S FRABIEDSINT bhLss, HTHS me/ke/ B TRINIS SNIA, WIS TR DI Sh T, INETOMIU LY, PROADREHBEREFNE LI £ o TANENTIS T EARERTOS, BLEMT ¥ FTHPFOADYE
‘compared with female rats. Castration of male rats reduced the concentration of PFNA in the liver and treatment with 2FaY . < PFDA : iR & 61225 mg/kg/BELE £ = = EHET Y POLAAETERL, £B5 9 FOFRPRATFAVARCLY, £BOEBITCR %, ZRETFRAPRATFAVARCLI>TE
testosterone entirely restored the reduction. In contrast to the results obtained from the in vivo experiments, the activity of Joet S5y FOBE, K 2hT) = oo NEECHREE NS v FOPFOADTFRFRER. TNoOBNORPPEEL —KL 1, PFOACMA, PFNAOFRERS T2 b2
peroxisomal beta-oxidation was induced by PFDA and PFOA to the same extent in cultured hepatocytes prepared from both F—F 3BTRS #51F B EAWAE L PFCARE & OBIEH : FAVELZAMERGLZ LMD, PFNADRPHHOMALELICL > THEMENTLS Z EHTFEE N
male and female rats. These results, taken together, indicate that difference in accumulation between PFCA n the lver was . 10 — L BRI ORATEI I TILME K ) 8o 7oA, B L ©FFRAPFCASO BRI AS00 nmol/gfFR 5l L CRAMEIHEE L 1<,
responsible for the different potency of the induction of peroxisomal beta-oxidation between PFCAS with different carbon chain £ FROPFCARIE & OBIRTIE, 0~500 nmol/ghfik ORETIE, BETHEKIEN (= 0850) HabNL,
lengths and betweensexes. « PENAGHES K UPFOADIIS v 07— 5 ICRETS &, <A %5y — L B-RACEH £ PFCAL ORI & & AR (1= 0.988) Ao hu
4. EERATHALIC 5 HPFCAsDacyl-CoA% ¥ ¥ #— ¥ DiFH ©
M v REFA SR L RIS E LT, PFHA, PFOA, PFNAZ LU PFDADBE L ~LA % & — L0 B-HALIEM OF WL LLELL 2.
i ST D HEE LT R PFOADTEE T TT2MAIER L 18R, ~Ad*2 Y —LD) > i L
PFOAESE + Acyl-Cont % & 5 EAT VA S — LETIIE T SWyMGAITRIEE b PRI A N, . MOFBIITIZ, PFOA, PENA, PFDACIIAT, PFHAT S acyl-Coht + o &~ BHEMEM
PR HEHoNOEA, invivoTIRPFHAIL & 3 S THROATLY 1 B & Bk ICacyl-CoAZ ¥ & A — A EBLAA invivoTIZlET v FOFFRO~NF %2y — LB -BfLE
5L, &# FRTHIERah >, PFDARMES v F A SRR L) Ef2 (Zacyl-CoA % FHL, My HULTHPFDALPFC s t: = 153
iU
5 PECAOBIIZHI 572 bR 70> 0@
« PRCASOFFRBING BT 3 70 > DRBIERHT 5700, £BETR b X702 NEOHRE
CEBCL OIS Y OFRCET BPINADL S LRABICET LA, £87 7 FOFREPFNAL LIS 7 FOEREY bHAE LTHETH %, EBLET Y HIFR A7 ERERSTS
. FRAPFNAL <L ERSIEHE LE, £87 7 b ThoNIPPNADITRABE (2009418 (433 nmol) /g FFl) T <A %5y — 4 f-BILORAEROBBC - HHTHURETH %
AR~ b BRACERE, MOFREPENAL M ARECEL LTINS bhhbsT, EBELIETRFAF A MEOWTAL L - THEELED L, 5y FORRIEY 50 55—
1R BRI PENA X PENATALE L 1-11 0 &2 415 & M £ 1) 8L e
589 EEAEH¥ (FF  Perfluorononanoic acid disturbed  Most studies on the liver toxicity of perfluorinated compounds (PFCs) are focused on healthy individuals, whereas the effects of2015 Fang, Xuemei;  Toxicol Mech 26056853 PFNA HELESDF v PFNA 97% #0 (&8 786 0. 02, 1. 5mg/kg/B @ STZF RN =1 S:E58 A o01:# 00: %8 FFBIERFETR 00: FFRAE 1: #RIMER 1 HIEMS 1:3MLLE - Leonard 5(2008)1d, 7 b ¥ THTPFOAIK BENARER T, BEOHWHHED L HBLTHERORECY A7 AALLRLIE B A
i) the metabolism of lipid in the liver of PFCs on individuals with diabetes mellitus have not been fully characterized. This study aimed to investigate the acute exposure Gao, Guizhen;  Methods. FiAERL ) - STZHEERMZ v FIHf L, PFNAD] mg/kg/ BHUEDRS LY, FREEILZATFO—LL~AOFRLEN (1476 L U206(E) pEHoht, BEMAROS mg/ke/BREFHTEH, MATHFES Y 7Y L3 Y »Y EELTLS, BRI, L 5 . BT, H#C LECRmENTLEL fE
diabetic rats, of ic acid (PFNA) on the metabolism of lipid in the liver of streptozotocin-induced etic rats. Male diabetic Zhang, Xingtao; |2015:25(8):622-7. EAA £UF (T6) oREs#m (2518 @Bt A BRERELESBYTHI LERMLE,
rats were orally dosed by gavage for 7 days with 0, 0.2, 1 and 5 mg/kg/day PFNA. The contents of lipid, the activities of enzyme, Wang, Haichao  doi: ¥ (8T2) 4 @sT1Z3 77 bzsl RET - PFOA K BENAHBMED 5~ FRTERE TR, FREFETES FEE BRA, BEFRATHLOZ EHRENL (Steenland &
the expressions of protein in the liver and the serum parameters. . The results indicate 10.3109/1537651 & (60 < HRF T v X LPFNADS me/ke/ B SH T2, BATEEMEE (FAS) 15308 (p<0.05) . 72— R-6-U »BEbk#BE % (G6PD) JEI (31351 (p<0.05) HEICLR LT, U THREE (ME) Woskie, 2012) . Eriksen® (2013) i3, fl ALRF ¢RI LEEEL. W £Bzho0kE
accumulation of trglyceride and total cholesterol occured i the fivers of diabetic rats aftor PFNA treatment. PFNA increased 6.2015.1053649. me/ie, i) ©EEi5me/ke/ B OPENARE TH T 47T MBS (CDH) DSEUEELEA -1, BTSSR ORAFET ST LERELE,
the activities of lipid synthetase, fatty acid synthease, glucose-6-phosphate dehydrogenase and decreased the activity of lipolytic Epub 2015 Jun 9. e R ©Ef, RESRBEDN Y/~ (HL) OEH L PFNADS me/ke/ BREMTIMEBT LA URK /87U R—H (LPL) BERLAH > 1 © LitioT, FRIRPFCEEDTELENRRTHS L2 o (Tatum-Gibbs etal, 2011) | MR IS5 2PFNADRT B IR ER L EHIC
‘enzyme, hepatic lipase, in the liver of diabetic rats. The changes of the isocitrate dehydrogenase, malicenzyme and lipoprotein L MRS @ STZHERMRA T v H B 540 RRCRIFTPINARS ORE HUBFBELY LERTHITRMEN B S LEA DN, FHRTESTZRRERS 7 v FICPFNARRE L, WRMZ v F OIEAMCRIE
lipase were not obvious. The expressions of protein related to lipid homeostasis, liver X receptor a and apolipoprotein E, were. EFAT Y COrARYTAy FECLBLXRa (FFXEREa)D R 27 RRIE, 0.2, 15 £ U5 me/kg/ BESHT, £42.12(8 (p<0.05), 2.15{#(p<0.01) & 1'1.54{% (p<0.05) {ET L MR, Apo E(PRURS TEEBRBLL L, EOANZXLER T,
decreased after PFNA administration. Exposure to PFNA also increased the activity of serum alanine aminotransferase in b (6B#&D YROE) DR AR, EREHIZEVT, 420145 (p<0.05), 3.33f (p<0.01) &k UB.I6HE (p<0.01) & MBEFHIET L1z,
diabetic rats. In conclusion, this study discloses that exposure to PFNA impacts on enzymes and proteins related to liver lipid gL~ @BEFET v MBI ANET AT A M RIETPFNARSORE ©
metabolism and lead to obvious accumulation of lipid i the fiver of diabatic rats, which may be responsible for hepatotoxicity of wis 1L WRAD v b T, PENARSIC K > T, MATG, TCHOS KD/ 3~ AT A BB ERLARI Th Ty LinL, MBAUTERI1S X US me/ke/ BRSETLIEE (<0.05)5 £ U216E(p<001)
this compound in individuals with diabetes mellitus. mmol/L) L MEAST5 & CALT I A 4 0% T it TH 1.
©® & : R v FPFNA% TRRBET 2L, BROFAXF R4V ALBELCHROEH L 2V ROAERERREL B LIk Y, FRICEEROBREBLEEL, &I, ERROPFNA
ERETEE, BRET Y FORRENS|SET SNt KERIE, PINASOIE BABRASHE RULBLEE b1 ST ARMEETRLTS
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601 | ®EE1 (5 Exposure of Pregnant Mice to | Perfluorobutanesulfonate (PFBS) is widely used in many industrial products, We evaluated the influence of prenatel PFBS 2017 Feng, Xuejiao;  Toxicol Sci. 2017 27803384 PFBS  WEARMEICR PFBS (7 98% &0 FEA1~208 0,750, 200, 500 ErT) i 01:A  NOAEL (8Em. ME 00:FHE B L B | RO ) ANOPFBSEORS 5 . BROFRBAAT Y ~OLE (WHTA/TIOET. TSHOER) ABEHHOFRRTAEY HBGVE HBGV
) Perfluorobutanesulfonate Causes  exposure on perinatal growth and development, pubertal onset, and reproductive and thyroid endocrine system in female mice. Cao, Xinyuan;  Febi155(2):409- EES 7138 mg/ke/B [sR208] 894) = 50 ma/ke/B EX ~OBBERLT, ERORE, REHLOWH, MAE2-LH-P4 (FOT2270Y) LALOES, WRRUFHORERUMEAOSR ERN  ERN
Hypothyroxinemia and Here, we show that when PFBS (200 and 500 me/ks/day) was orally administered to pregnant mice (PFBS-dams) on days 1-20 Zhao, Shasha; 410, doi: 50 mg/kgblt : FRAESN K MAPFESRE DN FERWERT DL ARBE N, COPREELLBRIZET I 2020 mg/k/dayBLETE L, 50 ma/ke/dey TIRABABH IR SIS >
Developmental Abnormalities in  of gestation; their female offspring (PFBS-offspring) exhibited decreased perinatal body weight and delayed eye opening Wang, Xiaoli;  10.1093/toxsci/kf 200 me/kg/SLE © IAHETA - RT3 - HTAREOET, MATSHALORI (KEERES L) 7o
Female Offspring ‘compared with control offspring. Vaginal opening and first estrus were lso significantly delayed in PFBS-offspring, and diestrus Hua, Xu; Chen, w219, Epub 2016 - HAETIOPFBSIECH (2200 mg/hg/day) (5. HiEH BEMORE S L
was prolonged. Ovarian and uterine size, as well as follcle and corpus luteum numbers, wers reduced in adult PFBS-offspring, Lin; Chen, Ling  Nov 1. RS : WAETHEEE UL,
Furthermore, pubertal and adult PFES-offspring exhibited decreases in serum estrogen (E2) and progesterone (P4) levels with 200 me/kght & R, BEOEBOBE. L SR (AR <axvbs
the elevation of luteinizing hormone levels. Notably, decreases in sorum total thyroxine (T4) and 3,3, S-triodothyronine (T3) RIVRR, RRARIVR, HEDHIORD) O, MEHOES, FE L FE L7 = som, [ 1 R - 200£500 mg/kg/ EOBEL < MRFRETH Y. AREGHERTRIGRENTUAL, 20t FRHAROBREHOLS, F6
levels were observed in fetal, pubertal, and adult PFBS-offspring in conjunction with slight increases in thyrold-stimulating. M. [EEDARUC0E] MBE2L <LOI, MEHORN (HEDADH) | MFTAY 270 LALOET (E%60805) . [£618, DBRUE0E] MFRTL - HTIL <LOET, DHTSH R RSB L RO ET,
hormone (TSH) and thyrotropin-releasing hormone levels. In addition, PFBS-dams exhibited sigificant decreases in total T4 D CEEIOBOHAEEN) | RETEOTRH mRNARRIEOEN (44308 04HSM) - 200mg/day #500mg/day 4 PFOS T o LdF1 i s IR T 5. TLBL oBCL
and T3 levels and free T4 levels and increases in TSH levels, but no changes in E2 and P4 levels. These results indicate that Bintra uterine growith retardationic £ 3 6 1, N2
prenatal PFBS exposure (2200 mg/kg/day) causes permanent hypathyroxinemia accompanied by deficits in porinatal growth,
pubertal onset, and reproductive organ development in female mice.
603 ®EE (f Perflvoroalkyl sulfonates cause alkylPerfluorobutane sulfonate (PFBS), perfluorohexane sulfonate (PFHXS), and perfluorooctane sulfonate (PFOS) are stable 2011 Bijland,S; | ToxicolSci123; 21705711 PFBS  |MEILCETP PFBS (7Y PFBS: &0 a~6a PFBS (003%~30 O MAGPFASEE (E0THE) Wi 00:f  FEEEFSR 00: % . Bl 3 LI RE cssze. o 78 A
) chain length-dependent hepatic  perfluoroalkyl sulfonate (PFAS) surfactants, and PFHXS and PFOS are frequenty detected in human biomonitoring studies. Rensen, P.C. N.; 260-303, TR oam)  82% (Western- me/ke/day) - PFBS (0.03%) : 32.7~378ug/mL (109~126 uM) ® y WA LMRIET B T EATRE L,
steatosis and mainly i studies have shown modest correlations of serum PFOS with non-high-density lipaprotein (HDL)- Pieterman, E. 1. htto://dx doi.org PRHAS (7 PFHXS: | type diet) PFHAS (0.006%, + PFHXS (0.06%) : 188.3~217.6 4 /mL (472~545 M)
by impairing lipoprotein production  cholesterol (C). This study investigated the mechanism underlying the effect of PFAS surfactants on lipoprotein metabolism, Maas, A.C.E; /10.1093/toxsci/ UL (99.98% me/ke/day) < PFOS (0.03%) © 85.6~124.7ug/mL (172~250 M) <axvbs
in APOE*3-Leiden CETP mice | APOE*3-Leiden.CETP mice were fed a Western-type diet with PFBS, PFHxS, or PFOS (30, 6, and 3 ma/kg/day, respectively) for van Der Hoorn, . kir142 PFOS (7 PFOS: PFOS (0003%,-3 @ MEEREEOZS : MRROEROLS, EEOHEAOER L BRLTUET,
4-6 waoks. Whereas PFBS modestly reduced only plasma triglycerides (TG), PFHxS and PFOS markedly reduced TG, non-HDL- W van Erk, M UOLIE)  816% me/ke/day) « PFBS : MATGO DT hais + PFBS130 me/Kg & b, PFHXSIZPFOSE SRS (mg/ked —5—) . B VRRTLHT, SuCED, &
G, and HDL-C. The decrease in very low-density lipoprotein (VLDL) was caused by enhanced lipoprotein lipase-mediated VLDL- 1; Havekes, L. + PFHxS, PFOS : M¥TG, non-HDL-C (3L X7 A=), HDL-C. ApoMl @S % FREOSENHS L ELTRODTEL R,
TG clearance and by decreased production of VLDL-TG and VLDL-apolipoprotein B. Reduced HOL production, related to M Willems van - VLDLOED Y K5 785 Y A= NERDOVLOLTGO S U 75 > RONH EVIDLTGEVLDL- 7 Y K& ¥ 5 BOBETDI L YLD,
decreased apolipoprotein Al synthesis, resulted in decreased HDL. PFHXS and PFOS increased liver weight and hepatic TG Dijk, K.; Chang, * HDLEADET I 7H U A5 /<) NEROMD EBHEL, HOLOBD &L B,
content. Hepatic gene expression profiing data indicated that these effects were the combined result of peroxisome prolferator- 5.C. Ehresman, © FRGEE L EERSAET RROLE
activated receptor alpha and pregnane X receptor activation. In canclusion, the potency of PFAS to affect lipoprotein metabolis D.J; Butenhof, « PFHxS, PFOS : FTERH £ SFERTGARE 10,
increased with increasing alkyl chain length. PFHXS and PFOS reduce plasma TG and total cholesterol mainly by impairing J. L Princen, H « PFHS, PFOS | FIBEF 070774 A 7= 515, FROERE TCH i ERILIS L BT E RS
lipoprotein production, implying that the reported positive correlations of serum PFOS and non-HDL-C are associative rather M.G. - PRHXSE PFPSIE(CHFRIC 5113 U A5 2 /¢7 (VIDLELUHDL) BEOMER L >TNRIGERIL A7 A— ORI EEL S, PFBSTI I ORENRRTE SRETH 12 £t b, PFASSOIE
than causal. ADEEET IR NEORE ISUAT B T EHTE NS,
- PRASSORBRH~OBEIZBNERI (5% C £ LPPARG LPXR) DERIEMAELEBORRE XA N, PFOSEPFHSTIE ORBUERG AT LTS A;
608 EEE% (% Alterations of cylokines and MAPK  Perfluoranonanoate (PFNA), a perfluorinated alkyl acid containing nine carbon chains, has been detected in abiotic and biotic 2009 Fang, Xuemel;  Toxicol Sci. 2000 19196820 PFNA  SD7 b PFNA  97% &0 Ga 14BR 0L 3 smekg/B 1me/ke/B : BB ER O O A 00 WIS REEED 00 FHE HIREES 11 BEBLE <34 v b A A
) signaling pathways are related to  matrices worldwide. Although a few studies have reported toxic effects of PNA, littl information of the mechanism has been Feng, Yixing; Shi, Apri108(2):367- () 1 mg/kg/FLLE : BIEPPAR a mRNADRTLES, BMOp-INK > /37 Ol W »Y e LTSN AR EHR DB, I 3 AlTuzoT,
the immunatoxic effect of offered. I this study, the effects of PFNA exposure on thymus and the related mechanisms were investigated. Male rats were Zhimin; Dai, |76, doi: 1. 3me/ke/E ¢ MEOP-385 /57 DR EHOFRBEN DT, ChOOELAELTUATERIEL SN, & 55 AMTEETIESBH, WRICHT 3BRERS P DY
perfluoronananoic acid orally dosed with 0, 1,3, o § mg PFNA/kg/day for 14 days. A significant decrease of body weight and thymus weight were sayin 10.1093/toxsci/ki 3me/kg/BALE RS S UBMIEEROND, WAPIL1OR - L2080, B R, BiRp38* (3 mg/kg/day CREES. § me/ke/day TS RIRET) z3TH3,
‘observed in the rats receiving 3 or 5 mg PFNA/kg/dey. Histopathological examination revealed dose-dependent increases in pO1S. Epub 2008 Smg/ke/B | BREHEROWD, MEDILSOMIN, MEILF/—AOMI, BREC-20BRES (78— XDERET)
thymocyte apoptosis. Rats recaiving 3 or 5 mg PFNA/kg/day exhibited increased interleukin (IL)-1 and decreased IL-2 Fob 5. ARRESH  BROZH/MELOND, REOND L RROTH =2 REY ¥ ARELUTH =Y REHRERRL KT 07 7~ DRO%INE OB
concentrations in sera, whereas elevated IL-4 and cortsol levels anly occurred in the highest dose group. Quantitaive real-time - BLEOREN 5, PPARG OEMHCIEE THE, PINADIECRIE £ TS Y hOMBEYA k01 Y OERIHEN, 20 > = A LBz enmksh
PCR indicated that expression of peroxisome prolferator-activated receptor alpha (PPAR-alpha) was ncreased in the thymi of # — o 5 TH =S REHE L BZBNE,
all dosed rats, and a similar trend occurred for PPAR-gamma in the two highest dose groups. The mRNA levels of c-Jun NH(2)-
terminal kinase (NK), nuclear factor-kappa 8, p&5 subunit, and inhibitory protein IkappaBalpha were unchanged; however,
increased and decreased mRNA levels of p38 kinase were found in rats exposed to 3 or § mg PFNA/kg/day, respectively.
Decreased Bel-2 mRNA levels were observed i rats receving 5 mg PFNA/kg/day. A significant increase in protein levels of
phospho-INK was found in all PFNA-treated rats. Phospho-p38 was significantly enhanced in 1 and 3 mg PFNA/kg/day groups,
whereas phospho-lkappaBalpha remained consistent in al ratsstudied. Together, these data suggested that apart from the
activation of PPARS, PFNA exposure in rals lead to the alteration of serum cylokines, which subsequently activated mitogen-
activated protein kinase signaling pathways and potentially modulated the immune system. Additionally, increased serum
cortisol and decreased expression of Bel-2 in thymus likely contributed to the PFNA-induced thymocyte apoptosis.
611 ®EE% (f Integrated proteomic and miRNA  Perfluoroalkyl chemicals (PFASS) are a class of highly stable man-made compounds, and their toxicological impacts are 2015 Wang, Jianshe; ) Proteome Res. 25181679 PFNA  i(BALB/cY PFNA  97% &0 Ga 148 0,02 1 5mg/kg/E 02 me/ke/ BULL : FRMAEX ERO R OLiE 00:f FEEEEESR 00: : PEFPTS A A
) transcriptional analysis reveals the  currently of worldwide concern. of acid (PFNA), a acid (PFCA) with a nine Yan, Shengmin; | 2015 Jan EES ) 02, 1 mg/ke/B ¢ FFRHTG - 3L R 70— L &R = Y Y - EET02, 1,5 me/Kg & IR, JHE082 FIIRI—Sfinverted U shapel %> Tl B, HH5me/KgDBBERHS LTHY, 5BYR
hepatotoxicity mechanis of PFNA. carbon backbane, resulted in dose-dependent hepatomegaly in mice (0, 0.2, 1, and 5 mg/kg body weight, once a day for 14 Zhang, Wei;  214(1):330-41. 1 me/ke/ BSLE SR OBUED 7 57 ROKH (41054 (5 ) L WD) | (miR-34a% & UmiR-18a T . miR-342-3p 1) FLIHTAHEE VS £ Y ERFBIEC SV ECETERRL LT~ FOTMEMAS B, 0291 mg/KgTELTIS,
exposure in mice, days) and an increase in hepatic trglycerides (TG) and total cholesterol (TCHO) in the median dose group as well as serum Zhang, Hongxia;  doi: 5 mg/kg/B < RE(ET. MATG - BALRT O LBEND, MBAST - ALTHA, FmiRNAGEE (miR-2000 J GmiR-96 1. miR-338-3p 1) PETBRERHBID S,
ransaminases in the high dose group. Using isobaric tags for relative and absolute quantitation (ITRAQ), we identified 108 (80 Dai, Jiayin 10.1021/pr50064 * BFAROMRNARY ¢ IR ORALSE OB S £ 03 L 27 A— L BB L M EF 0 B AR
up-regulated, 28 down-regulated) and 342 hepatic proteins (179 up-regulated, 163 down-regulated) that exhibited statistically 1b. Epub 2014 - FRTERAUSINLI3105 > 37 0% C (EPPAR @ £ SREBPSHBRT OMIRET T 5. ML /57055, PPARGIE (Acoxl# & UCypdal0) 4k USREBPSIRE) (Aclsl, Hmycs2, & & 0
significant changes (at least a 1.2-fold alteration and P < 0.05) in the 1 and 5 mg/kg/d PFNA treatment groups, respectively. Sep 24, MED) MEFEIREHD I EORMR, (PRI & T bMETRIMIARDE N1
Sixty-six proteins (54 up-regulated, 12 down-regulated) significantly changed in bath of the two treatment groups. Among these . [C R 2
54 up-regulated proteins, most were proteins related to the lipid metabolism process (31 proteins). The MRNA analysis results
further suggested that PFNA exposure not only resulted in a fatty acid oxidation effect but also activated mouse liver gones
involved in fatty acid and cholesteral synthesis. Additionally, three (2 down-regulated, 1 up-regulated) and 30 (14 down-
regulated, 16 up-rogulated) microRNAS (MIRNAS) exhibited at least a 2-fold alteration (P < 0.05) in the 1 and 5 me/ke/d PFNA
treatment groups, respectively, Three miRNAS (up-regulated: miR-34a; down-regulated: miR-362-3p and miR-338-3p)
significantly changed in bothof the two treatment groups. The repression effect of miR-34a on fucosyltransferase 8 (Fute) and
lactate dehydrogenase (Loha) was confirmed by luciferase activity assay and Western blot analysis. The results implied that
PFNA exerted a hepatic effect, at least partiall, by miRNAS mediated post-translational protein repression.
625 | ®BE (£ Reproductive and Potassium (K(+PFHXS) luated for toxicity in CD-1 mice. Upto 2018 Chang, Sue;  Reprod Toxicol. 29694846 (6%)  WEEECD-1 PFHXS (7 989%  #0 (8 |1 SRREBMERE (300, 03, 1 3mg/ke/B DERGESE OLiF 1% NOEL=03mg/kg/B. 00: : (PFHSI RS EEEN GAOL 55 %) A A
BRESH)  toxicity of potassium 3me/kg-d K(+)PFHS was administered (= 30/sex/group) before mating, for at least 42days in F(0) males, and for F(0) Butenhoff, John 2018 Jun;78:150- PR w92 UL ) /B C FOME : R4 FORE (1 : 4204, i : WH228) NOAEL (RSitres% = Y Y %5 (NOEL/NOAE! LU, 30 me/ke/BREFOFREE (HAMETE - MRAZRL, ALPEEEN) GESEEL
perfluorohexanesulfonate in CD-1  females, through gestation and lactation. F(1) pups were directly dosed with K(+)PFHXS for 14fays after weaning. There was L Parker, George 168, doi: B 5ia2ERLLE, FO 03 me/ke/ELLE ¢ IE1E : FROBBES (EREOT Y 47 AHEL, ISP DU ERIEX e/ ERREER) =10 AL SRR AL,
mice. ‘an equivocal decrease in livelitter size at 1 and 3mg/kg-d, but the pup-born-to-implant ratio was unaffocted. Adaptive A Coder, Pragati 10.1016/j.reproto B EEUE D HRE - 1.0 me/kg/ BLLE © s 8 . o N Ho TR (RREREE LW mg/kg/E. NOAEL (R - BECENLLPFOSOBM AT, FMEOSEATS A CHOLEESNTINS, FHRTE, FREEWRESREBLLEHR >R
hepatocellular hypertrophy was observed, and in 3mg/kg-d F(0) males, it was accompanied by concoritent decreased serum s: Zitzow, 201804007, S B THE2IE 30me/kg/E D MEILAFO— - BEYAE - MR, i %) =30 mg/ke/B 5.
cholesterol and increased alkaline phosphatase. There were no other toxicologically significant findings on reproductive Jeromiah D;  Epub 2018 Apr <. FLREN : 24228 30 me/kg/ BEOFRIC 51 5HEWMETRE (MRNA L FOME 1 428, F1H | SHIRIBE, FLEME  i%36H) <axvbs
parameters, pathology/TSH, effects, or There were no Krisko, Ryan M; | 22. GA) #5UEMESH LS + (KIPFHxs IZHSADLHEETH Y. WXAT NOEL/NOAEL KK IR ERLT L ¢AK, EBITIE, NOEL B4HY E4oT0BLS
effects on postnatal survival, development, or onset of preputial separation o vaginal opening in F(1) mice. Consistent with Bjork, James A; EABRTRS, 03mg/kg/BLLE : i (<. WE D NOEL/NOAEL AHINITE 5 43 (S TLE T (EMOEY TRLEELET) , FO OFRAOREEERPEEFRTL
previous studies, our data suggest that the potency of PFHXS is much lower than PFOS in rodents. Wallace, Kendall 2 bEYIXETAIR 3mg/kg/ B ¢ B TR BRI (k215 5 UI68) | i : IR RSN (£368) 555 TiBY E A, Iiter size IEBORAB Y, T AEHBLOTTH, BbiT
8 Seed, Jonnifer BB (2R O @ brvaRETIRT—4 HELLITTOT, ZOBOALENT, TORBAD R 30 mg/kg/day # THERRESHAELEHLONE LBOET,
g FHEE B4R S B - FORTARS S miEs it F0030 me/ke/ BEDHER iouEs e, FFRRERIAE TILHE T D FRE LTl NS (. SEIRERABAHSATT A SEHBTRELBUET (MAPORRIERE L RERIGELT R
(AP, SE/te/ B 1z LTuEd) .
W . @ xR CFLITUMEN GHRISE) | %40, BLEOLTRORATLBRIFNCOES L CITREREORIAS SN, RAY (£§210) RUEEIE0NHRUFREREICHERL . 218593 FLEBISHT 5 RT-PCR £ Fu 7 tokicokinetics DBIHE, &3 BET <&M HITEMAET,
MRS ®288 ACHIBEORITAA S, EIEC B L B RATRAR TR E N,
. b : 4B HA @ FRONETES :
B SHRHIM (ER1SE T + FOMi# X UF1EIE | PPARGIEHER (Acoxl. Ehadhds £ UiCypdal0) . CARWEHEAL (Cyp2b10) . FERNEEAMBIE (CDI6% £) . FOMS X UFIHIE : PXREHA (Cypdall)
£B) (R Tm/E
)
626 | ®EE (£ Effects of perfluorobutyrate Perfluorobutyrate (PFBA) is a perfluoroalkyl acid (PFAA) found in the environment. Previous studies have indicated 2008 Das, Kaberi P; | Toxicol Sci. 2008 18511431 PFBA  KERICD-1 PFBA (7> >98% @0 G& #4I~178 0. 35, 175, 350 aut OLiE 01 NOEL (SEM) =35 00:HHH 1: RMEH 11 HEED 1:3MNE <9 ROMMACPIBA (C4) EECHLEER, HThGEBERES ML OO, C-BOPFOAL & UPFOSTAIICHE LARELRE |HBGVE HBGVE
FREBH)  exposure during prognancy in the  developmental toxiity of PFAAS (perfluorooctane sulfonate [PFOS] and perfluoraoctanoate [PFOAL); the current study Grey, Brian € Sep;105(1)173- AEEEEETA ) mg/kg/E (PFOA®O, 175 mg/kghl k © FFIRNEFS/BR BRI,  (FIRHPFBARIZ RIAHRE £ )51 (FRISEMLI L) vs PFOS, PFOAL R%5) mg/kg/E. LOEL (28 = Y »Y e kT E 4o 7o, PRBAIEC < EYRRMORL RN RN
mouse. ‘examines that of PFBA. PFBA/NHA(+) was given to timed-pregnant CD-1 mice by oral gavage daily from gestational day (GD) 1 Zehr, Robert D; 81, doi: " 1. 5. 10 me/ke/ BOH 350 me/kg | ST IO EHEEN ) =35 mg/ke/B PRAASE B LT SRICHREIHIE N5 T & EMHAEL T & TRBATIRL XL 5NB.
1017 at 35, 175, or 350 mg/kg (chosen to approximate the developmentally toxic doses of PFOA); controls received water. At GD Wood, Carmen R 10.1093/toxsci/kf HRIAEL) In summary, results from the current study suggest that exposure to the C-4 chemical PFBA during pregnancy in the mouse did not
18, serum levels of PFBA were 3.8, 4.4, and 2.5 microg/ml, respectively,in the three treated groups. PFBA did not significantly Butenhoff, John  n099. Epub 2008 L] recapitulete the profound adverse developmental effects previously reported with the C-8 chemicals PFOA and PFOS (neonatal morbidity
affect maternal weight gain, number of implantations, fetal viability, fetus welght, or incidence of fetal malformations. Incidence hang, Shu-  May 28. 35 mg/kgbLL : WRABOEE and mortalty, and postnatal growth deficits), although some subtler offects were stildotectable
of full-litter oss was significantly greater in the 350 mg/kg group, and maternal iver weights were sigrificantly increased in the Ching; 175 me/kghl & CHEIBTHE. MOBTEAEENR) . BEOEMORE (£12) The milder responses of PFBA are likely accounted for by the rapid elimination of the chemical as well as its lower potency compared with
175 and 350 me/kg groups. In contrast to PFOA and PFOS, PFBA exposure during pregnancy did not adversely affect noonatal Ehresman, David 350 me/kg : DEAMBBOME (L) the PFAAS with longer carbon chains.
surdival or postatal growth. Liver enlargement was detected in the PFBA-exposed pups on postnatal day (PD) 1, but not by PD J: Tan, Yu-Mei; <axvbs
10. Expression of selected hepatic genes in PFBA-exposed pups at PD 1 did not reveal any significant changes from controls. A Lau, Christopher «PFBA ® 0, 35, 175, 350 mg/kg/day £HEHE CO-1 mice |25 LTL & 745, 350mg/ke/day @ GD18 s PFBA lovel A5 H B &
significant delay in eye-opening in offspring was detected in allthree PFBA groups, and slight delays in the onset of puberty YIE< o TUB (FBTE) A 3Some/kg BET full-ltter loss AREISERLTLS (206% £ TER) MARICHY £14, BAMIER
were noted in the 175 and 350 mg/kg groups. These data suggest that exposure to PFBA during pregnancy in the mouse did not EHLRTUELE I TT,
produce developmental toxicity comparable to that observed with PFOA, in part, due to rapid elimination of the chemical. EERTERBRR, EHO. QEHMKLOBEARS SNTUETH, EEEATS LSRR LLTT,
Co DA C8 kY PBARINC E12 & 91400 PFAS & DBRBEDRUAEAAL > 0 ADME OF = #1055 L BUET A, £RRESR
BE LTIk CFY A S NEEERRREL BNET,
#re EMOBELMEGDEBOET,
628 | ®EEM (£ Atwo-generation oral gavage Perfluorobutanesulfonate (PFBS) is a surfactant and degradation product of substences based on perfluorobutanesulfonyl 2009 Lieder, Paul H; | Toxicology. 2000 10428041 PFBS  I$86SD7 PFBS (hU 97.90% &0 (8 |P: ZET0RA 5 0. 30, 100, 300, 1,000 &ty NOAEL (REII25% 00: &% 1:fDEa 11 MMED PRBS® 3 FEMULAAHETRSC S BEMBESEARC LT, —RBERB L LTRPH & UFLEC ISR (FEREX, BRY HBGVER HBGVE
TEREBH)  reproduction study with potassium  fluoride. A two-generation reproductive rat study has been conducted with potassium PFBS (K(+)PFBS). Parental-generation York, Raymond  May 2:259(1- 3 7138 ) ERTRET, BEE  mg/hy/B 300 me/ke/ BSLE : PIf e ABRFERIGH, FHRIA (B~EE) | BARLES L CRME/REOETAM, P | BLFLES L CRAE/BEOBTA, MSEELITE, FUL: FHREA (¢ ) :PRUFLEE : = y m [GEEITEY ) ~ORWHI00 me/ke/ BELETHBR, 1000 meg/ke/ BOFUEI RRIEE BRI ERE
perfluorobutanesulfonate (K-+PFBS) (P) rats were dosed orally by gavage with 0, 30, 100, 300 and 1000mg K(+)PFBS/ke/day for 10 weeks prior o and through G; Hakes, Daniel 2):33-45. do' ARERTFIRANE T, BEURE) | BRELES S CREE/MEORTR. FUE  BARLES S CREE/MEORTR, RAEEARTE 100 mg/ke/ B DIEES D SN, P EUFIIC 300 me/ke/ BSLE [GEETS S /e . ’
in Sprague Dawiloy rats, mating (males and females), as well as during gostation and lactation (females only). First generation (F1) pups were dosed C; Chang, Shu  10.1016/}.10x.200 Fl:Ra (D28) 1,000 mg/kg/F : F1E : SURHIRISEEEE, FRIGHEREN, RAEFLRET NOAEL (Rsitnins ) pHSNIA, FREERES A1, HE, PHEUFIOMIE: LNOAEL (REMISSSH) (1100 mg/ke/A & & Atz
similarly, beginning at weaning. Second generation (F2) pups were not directly dosed but potentially exposed to PFBS thraugh Ching; Butenhoff, 9.01.027. Epub SUERERRTRE T, I st ) PRUFIEE : PHIUFUSIE bR, HHAE ST A~ R ICHBLEIERS SNT. NOAEL (£RBH) 121,000 mg/ke/H & I 4
placental transfer and nursing, and the study was terminated 3 weeks after their birth. Endpoints evaluated included body. John L 2009 Feb 11 R, e ETFIRL 1,000 mg/kg/ : F1ig Fhb > 1000 me/ke/ - REMIORE/RESECBI LTI, FI01,000 me/ke/ BR5 DEHBAL sh.
weight, food consumption, clinical signs, estrus cycling, sperm quality, pregnancy, natural defivery, ltter outcomes, and w22 #¢ B NOAEL (i2th) 1FINTI2300 me/ke/ B, FUBRUF2UE1EI1,000 me/ke/ BA & $I 2 4
landmarks. The effect dose lovel (NOAEL) in the parental generations (P and F1) was NOAEL (RoRis - PRBS( RSS2 B > 151000 me/ke/ B £ TOMBIHLTHS HALMREREERE S RAN L, %, 1,000
100mg/kg/day. In the 300 and 1000me/kg/day dose group rats, there were (1) increased lver weight (absolute or relative) and ) :FIE 300 m/kg me/kg/ BREBOF USRI ERMEIE (RHMTI) HTEE AL, CE-PFASDPFOS, PFOAL LT, ANEOLHRELED
corresponding increased incidence of adaptive hepatocellular hypertrophy (male only) and (2) increased incidence of minimal to B, FUERUF2LIE : > HT Y LRENT ERRE N,
mild microscopic findings in the medulla and papilla of the kidneys (male and female). There were no K(+)PFBS treatment- 1,000 mg/ke/ B <axvbs
related effects on fertiity or reproduction among the P or the F1 rats. There were no microscapic changes in male or female < K-PFBS @ 0, 30, 100, 300, 1,000 me/kg/day %HE4R SD rats (SRECIELS L= WASA - £TMRABRABT, BECRANLTLE
reproductive organs, and no biologically relevant effects on sperm parameters, mating, estrous cycles, pregnancy, and natural T
delivery n the P- orF1-genorations. There were no K(+)PFBS treatment-related effects on survval of pups in the two- O EMO R CREL L E BV ET,
‘generation study. Litter size and average pup birth weight per ltter were not statistically significantly different from controls in i# P 1000mg/kg 58 KET. BRSRTOET AL HT (R WA R
‘any dose group. In the F1-generation, terminal body weight was reduced in males at 1000mg/ke/day. Preputial separation was BLEITT, ThEEHT, P FlERICPFES DEBREBIE AL EFLONDEBNET,
slightly delayed (approximately 2 days) at this dose, a finding cansistent with the body weight reduction. Essentially no effects ZOMRTY Fl O ERCEBAETIE LS TTA, REATIOBRT 3 60RO Y £,
were observed in the F1 females. F2 pups had normal body weights. The reproductive NOAEL was >1000m/kg/day in bath LTI E, SRTEA b LohLLTEY, RRICARLRL TS EBLET,
generations
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629 |®E8% (= Evaluation of Maternal, Embryo, and BACKGROUND: Perfluorooctanaic acid (PFOA) s a poly- and perfluoraalkyl substance (PFAS) assoclated with adverse 2020 Blake,B.E;  |[Envionmental 32074450 HFPO-DA IESCD-1 |PFOA (7 |GenX.  #0 (8 |BREMIL5 £ 01758 PFOA: L 5mg/kg/B L HFPO-DA (GenX) oriE oo:m |- 00: B 0 AL | RE~ORBCRE LARRED AL, B A
RREHH)  Placental Effects in CD-1 Mice  pregnancy outcomes in mice and humans, but litle is known regarding one of ts replacements, hexafluoropropylene oxide Cope, H. A Hall, Health GenX) | TOR  YEZUL PFOALE ) (ENSELVENS)  GenX:2, 10me/ke/B S84 : - PROANBRORLEI RE TR DL TO A H = XARTHTHBH, ELTiEbRTLS, URiE
following Gestational Exposure to  dimer acid (HFPO-DA, referred to here as GenX), both of which have been reported as contaminants in drinking S.MiKeys R Perspectives ® i ZREOBRBDEE "€ 2meg/kg/BELE | FROIH/MBRERSI (RREEILSS EUI750) | BEORE (EC5EY ¥ 20 CEETHY. P CHCBENA DG,
Acid (PFOA) or compared the toxicity of PFOA and GenX in pregnant mice and their developing embryo-placenta units, D Mahler, B. W.; 128(2):027006. GenX 05 EER, 10 me/kg/B : SEMNE (E05~E 115) OAEASN, BROES/ENERSN (HEAH11LSS LU1758) | REEROS (€ 1756, 155 mg) . ME/MEERILORNS, BETHRZORM, KR
Hexafluoropropylen Oxide Dimer  with a specific focus on the placenta as a hypothesized target METHODS: Pregnant CD-1 mice were exposed daily to PFOA (0, Mecord, J; Scott, doi:10.1289/EHP (HFPO-DA) DFE (RM74 7Y VR EITSTUREOL VEBORERFEIHS 17%) <axvb>
Acid (HFPO-DA or GenX) 1,01) o GenX (0, 2,or ) via oral gavage from embryonic day (E) 15 to 11.5 or 17.5 to evaluate exposure effects on the dam and B.; Staploton, H. 6233 (rrE= « Abst TIRREETE Ao TA, PFOA b GenX BRSHE LT2BMBEENTLS, AL, RERETHA S, Il (=55 15,
embryo-placenta unit. Gestational weight gain (GWG), maternal clinical chemistry, maternal liver histopathology, placental M. Stiynar, M. 944 2.PFOA 115, 175 B0 3ERS.
histopathology, embryo weight, placental weight, internal chemical dosimetry, and placental thyroid hormone levels were J; Elmore, S. A 1 mg/kg/BSLE | FROMF/BRERSN (RAHILSE) . FRGIERORN (KREH1758) MEFETE A" & L1A, "B THRLAS LAKL (REEER '8 LLTLEDT, ZOREME, ORLESEH > THEN S
determined RESULTS: Exposure to GenX or PFOA resulted in increased GWG, with increase in weight most prominent and of Fenton, 5. E. 5 me/ke/B: HEMIE (E05~E115) OREAMN, FRENERMN (RREMIZSE) | RERROMI €1758, 2mg) . BE/MEERLONS, BROFE (ECT7ELUY 2030, E175 3) . AL, GenX DEBRESMRBIES AL LD THEL, BE~ODRERILTUBATHATAS S (BEH target tisve T
shortest latency with GenX exposure. Embryo weight was significantly lower after exposure to PFOA (9.4% decrease relative to TR RROL BRI ERECHD (32%) BERSTUBESTHE),
controls). Effect sizes were similar for higher doses ( PFOA and GenX) andlower doses ( PFOA and GenX), including higher
maternal iver weights, changes i liver histopathology, higher placental weights and embryo-placenta weight ratios, and greater 3 W OIRA
incidence of placental abnormalities relative to controls. Histopathological features in placentas suggested that PFOA and GenX + GenX £ PFOADRTRIA OB BIC I3 A 13 5L BE~ORMIRINAGS L5 Th5, BEMOREOREA R Y (FAREIHLT, GenXid s €Y ¥ R0ER (BARAS) ARSI vs PFOATIES
may exhibit divergent mechanisms of toxcity n the embryo-placenta unit, whereas PFOA- and GenX-exposed livers shared a EUYROS S AR A 5NB) | GonX RN H1) 5 TAORIN S b
similar constellation of adverse pathological features.CONCLUSIONS: Gestational exposure to GenX recapitulated many - GenXIZPFOAL Y K HIBAELNS 6 b > T, PROATHE SNTL BB R b, 1L, BE~OBEIRES L5 ThE.
‘documented effects of PFOA in CD-1 mice, regardiess of its much shorter reported half-life; however, adverse effects toward
the placenta appear to have signatures.
630 mmEm (£ oxide-dimer oxide dimer acid (HFPO-DA or GenX) is an indusirial replacement for the straight-chain perfluoroalkyl 2021 Conley, Justin M; Environ Int. 2021 33126064 HFPO-DA #ifHt5 7 GenX  GenX &0 (& DIRSE~EH (M#) DO, 10, 30, 625. O GDS-PND2ASHE : o:E 0:E - 00: HEE 1 FILER 1 RED 1 3WLLE - No TR HEL T, ST, WAL AH~ORE (WAL ZOEFEFTY A 8
FREHM)  acid (HFPO-DA or GenX)alters  substance (PFAS), perfluorooctanoic acid (PFOA). Previously we reported maternal, fetal, and postnatal effects from gestation Lambright,  Jan;146:106204, Genx)  + (HFPO-DA) |100% #) 28 125, 250 mg/kg/E @B : 10 mg/kg/ BALE ¢ 30 mg/ke/ BALE ¢ 625 ma/ke/BSLE | MIERT3 - BTAOW, 125 me/kg/BALE © 85 £ UHERNBOMR @ Y By A= OWD) HFRBSNTHY, ENBRECHS T EARENG, FEROIFRCHRN - BHLFOMETRRLD IS SNEL L
maternal and fetal glucose andlipid day (6D) 14-18 oral dosing in Sprague-Dawley rats. Here, we further evaluated the perinatal toxicity of HFPO-DA by orally Christy ; Evans, doi (rrE= @RITA~HRAR (@0, 1 3. 10, 30, 4. MATGHM, 250 me/ke/E : MAALBOFS BmELTUS,
metabolism and produces neonatal dosing rat dams with 1-125 ma/kg/d (n = 4 ltters per dose) from GD16-20 and with 10-250 mg/ke/d (n = 5) from GDS - Nicola; McCord, 10,1016/} envint. 944 625, 125 mg/ke/E kIR (CHE2ETER 10 me/kg/BULE : ARV EROMN. §77Y 37 > EROKD, 30 me/kg/ AL © WABEOWD, MEASTORI (PND2), 625 me/kg/BLLE : £FFOET, WE/W
mortality, low birthweight, and postnatal day (PND) 2. Effects of GD16-20 dosing were similar to those previously reported for GD14-18 dosing and included James; Strynar,  2020.106204. A= A0 (PNDO), 62,54 & U250 me/ke/ B : MIBALBDIES (PNDO), 125 mg/kg/ BELE * Mif = b 27 2 — LA (PNDO, PND2), TGH (PNDO). #v3—ZoiE (PND2)
hepatomegaly in the Sprague-  increased maternal liver weight, altered maternal serum lipid and thyroid hormone concentrations, and altered expression of Mark J; Hill,  Epub 2020 Oct @ GDIT-GD2AR S
Dawley rat. peroxisome proliferator-activated receptor (PPAR) pathway genes in maternal and fetal livers. Dosing from GD8-PND2 Donna; Medlock- 27. BT 3 mg/kg/ B} MAALBILY, 10 mg/kg/BLLLE © MATGH, 30 me/kg/ BIALE © M3 LR 7 B — Vi, 625 me/ke/ BLE | FRBHEROMIL, MARTS - T4 - ALBOED, 125 me/kg/8 : 38
produced similer effects as well as dose-responsive decreased pup birth weight &30 mg/kg), increased neonatal mortaity (= Kakaley, MEEEL
62.5 mg/kg), and increased pup liver weight (=10 mg/kg). Histopathological evaluation of newborn pup livers indicated a Elizabeth; IR 125 me/ke/ B £ TREE L
marked reduction in glycogen stores and pups were hypoglycemic at birth, Quantitative gene expression analyses of FL livers Wilson, Vickie ; @ FROMEFRARTAT A0
revealed significant alterations in genes related to glucose metabolism at birth and on GD20. Maternal serum and liver HFPO- Gray, L Earl Jr - @S (GD21) . BR (GD21) & UL (PNDO) OFFIIC & () 5 METFREERT- g PRI THNT:,
DA concentrations were similar between dosing intervals, indicating rapid clearance, however dams dosed GDS - PND2 had “ B (GD21) OFFRT/L 3~ AMMICEIEL5HIET (Pekl 1, Pdkd 1, Ugn2 |, Glpc T, Pdp2 1) ORBEBERBNT: (Gopc: = Img/kg/B. 20ofe s = 10 me/ke/B) . ZOf, PPARY 74 Ihizig
greater liver weight and gestational weight gain effects at lower doses than GD16-20 dosing, indicating the importance of BERETRMETFOLHETSLA, KT (N0, 631) OCDL SO SRE (4> 5=/ ANR) DRIGEETFTH 1z
neonatal curves between HFPO-DA and previously published R (PNDD) OFFRETIE 2L - ARHIHIEL A RRER LA IINET L RRET LAISREFEREL, 55 ILAGFALREN (= Img/kg/B) TR SIA (BEHTE D : Pk 1, Uge?
perfluorooctane sulfonate (PFOS) data indicated that, based on serum concentration, the potency of these two PFAS are similar 1 Pcki=, Gépe—) . ZOft, BAMREREFOLH . BELFR, PPARY 7+ L ERERRETIOUT, RELAIAET £ RRETORET £E0L,
in the rat. Overall, HFPO-DA s & developmental toxicant in the rat and the spectrum of adverse effects is consistent with prior - @EH (GD21) OFETI, MREMIC, EETHR (No.631) MGDI £ 5> NIPPARS SRREREDME. 55, THIET (Acoxl, Enhadh, Fabpl,
PFAS toxicity evaluations, such as PFOS and PFOA. Fabp3, Hmges2, Rurg, SIc22a5) GD18% Y b HEICAE ARELRHESNE (25— LHE) o
@ M5 £ UFRPGenXRE |
- GD17-GD21< K5 L s bk P R e LT = 2 A T, ok, B
GenXEECE(EGL, SO R, ECRBRARC 5T L HRERICANDE L EATRE NG,
—h. BEBOORSMMII OV TR-FRTI, BE 3 . 5 3 B, TEDL, H<BEM
DRBENTEE NS,
631 ®EE (£ Adverse Materal, Fetel, and BACKGROUND: Hexalfluoropropylene oxide dimer acid [(HFPO-DA), GenX] is a member of the per- and polyfluoroalkyl 2019 Conley, Justin M; Environ Health 30920876 HFPO-DA SMl5» GenX  GenX:  #0 (8 O~O: S14~188  ©: 0 625 125, Linviodiiietsis oiE o0:E - 00 L HIREER 10 3BESLE - GenX DM C BIC £ T, PFOS. PFOA%: TRONEEBE A B
FERESH)  Postnatal Effects of substances (PFAS) chemical class, and elevated levels of HFPO-DA have been dotected in surface water, air and treated Lambright,  Perspect, 2019 G+ (HFPO-DA) |100% ) 250, S00mg/ke/B @ EX
Hexafluoropropylene Oxide Dimer  drinking water in the United States and Europe. OBJECTIVES: We aimed to characterize the potential maternal and postnatal Christy S; Evans, Mar;127(3):3700 (rvE= @ @: 0.1 310, 30 mg/ky/ BLLE  MATIHS <axvbs
Acid (GenX) from Oral Gestational _ toxicties of oral HFPO-DA in rats during sexual differentiation. Given that some PFAS activate peroxisome prolferator-activated Nicola; Strynar, 8. doi 718 30 me/ke/B 625 mg/kg/ALLE © FRERE - No. 630 & FI—H##, ERREBHIRE LTHIITH > L BBTH S,
Exposure in Sprague-Dawley Rats.  receptors (PPARS), we sought to assess whether HFPO-DA affects androgen-dependent development or interferes with Mark J; McCord, |10.1289/EHP437 REOD~@EHHET 125 mg/ke/ BLLE : META, LDLOM: REBESCRESATOSA, SHIME n UAD4<, REEMOEDTHS, STRCIRCEAERYTETHY, SERRBTE
estrogen, androgen, or glucocarticold receptor activity. METHODS: Steroid receptor activity was assessed with a suite of i vitrg James; Melntyre, 2. - # ORATENToF2, 250 mg/kg/FSLE  RESIOHL MIT LR R, HDLOHD ERBLTHEHCAY TS THEN, AMRESEABEIOLO L LTORMAR B’ £ BHRCEMEEL,
ansactivation assays, and Sprague-Dawley rats were used to assess maternal,fetal, and postnatal effects of HFPO-DA Barry S; Travlos, 500 ma/ke/B M b U 7YY KD
‘exposure. Dams were dosed daily via oral gavage during male reproductive development (gestation days 14-18). We evaluated Gregory S; BRESALARETRELS | SHGRET UBISHAN (Acas2, Acad, Acadm, Acoxl, Acsi3, Cotlb, Cpt2, Ehhadh, Fads?, Fabpl, Hmges2,# £ UiScdl), BSfh&AL(EC]). PPAREREIT (Rurg). PPARY
fetel testes, materal and fetal livers, maternal serum clinical cheristry, and reproductive development of F1 animals. Cardon, Mary C: HY K b5 R A= 2~ (SIc225,Skc2T2)]
RESULTS: HFPO-DA exposure resulted in negligible in vitro receptor activity and did not impact testosterane production or Medlock- 2055, WEF (Echl) Wt SEOFRTORETRRO LR L <LBRORETFREL LY Eh o1,
expression of genes key to male reproductive development in the fetal testis; however, in vivo exposure during gestation Kakaley, R
resulted i higher maternal liver weights ([Formula: sce textl), lower maternal serum thyroid hormone and lipid profiles Elizabeth; Hartig, 1 me/ke/BSLE : BRFFORETRR LR (EISRAHIEE: Acorl, Cptb, BEERHERE: Angoti4)
([Formula: see text]), and up-regulated gene expression related to PPAR signaling pathways in maternal and fetal lvers Phillp C; Wilson, ~FEAR : PPARY 73 VTSR L A TR TBMETARRER, 3 HIGHET (LX) ABEHHEHE
([Formula: see text). Further, the pilot postnatal study indicated lower femalebody weight and lower weights of male Vickie S; Gray, L - EEMRK, B/MRRR, BEEE, BMEOKKCHIETA AT A B AEEL
reproductive tissues in F1 animals. CONCLUSIONS: HFPO-DA exposure produced multple effects that were similar to prior Earl It e
toxicity evaluations on PFAS, such as perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA), but seen as the . BALHL LA, F RO
result of higher oral doses. The mean dam serum concentration from the lowest dose group was 4-fold greater than the © RIBE £ 125 mg/kg/ BRSRC LT, WAL Y DERRE, D CUHRBE L, RENOME MR, B (SEIRE, A
maximum serum concentration detected in a worker in an HFPO-DA manufacturing facilty. Research is needed to examine the HE R UM EBEROBENASNE (5 EUEER—2) 4. BISREERE DS,
mechanisms and downstream events linked to the adverse effects of PFAS as are mixture-based studies evaluating multiple 2. InVitOBRERBES R :
PFAS. https://doi.org/10.1289/EHPA372. cxabAYzy ER) M (FAZAbTYETZRR) CHEAL (100 pM-10uM)
S7YERYEY (AR) . ZLAANFAA FERE GR) TH=R MR BB L (100pM-1004M) . BEGGRT ¥ & T2 HE - EEOART > % =2 1M (1004M : BREREE (300
HM) SEW)
632 |®EE# (= Developmental toicity of Perfluorononanaic acid (PFNA) is a ubiguitous and persistent taminant. Although is levels in the Das, KaberiP;  Reprod Toxicol. 25543169 PFNA | KH4RMECD-1 PFNA 97% &0 (e ERI~178 0.1 3 5 W0mg/ky/ B OLiE  01iF  RABMDLBLD 00: S SES L HEED LWL RO RERUARHETRS GHRL~1TE) K& 3RESHRRICHLT. BHNTIIS my/key/ BREH TRRKAFNAITIROR HBGVE HBGVI
RRESH)  perfluorononanoic acid in mice. and in humans are lower than those sulfonate (PFOS) id (PFOA), a steady trend of Groy, Brian € 2015 Jan:51:133- AEES ) 8 13, Sme/ke/B © Gl SRR, WEIETE) BIMDLS : 0.2445 £ U = Y EX SABSEREI, 10 mg/k/B sz, 5 mg/ke/BL R, HRICRRIEC, BRRL £ RN ERM
increases in the general population in recent years has drawn considerable interest and concern. Previous studies with PFOS Rosen, Mitchell 42, doi: 10 me/kg/B ¢ SEAME), B (7/7) TREEE 019 me/kg (HER: £ BRE. BRBECEAEA SRRk (BEONIR. BRERETLREGL) . A 10 mg/ke/ BRSHOBHN TS (7/77) 1o
‘and PFOA have indicated developmental toxicity in laboratory rodent models. The current study extends the evaluation of these 8; Wood, Carmen 10.1016/j reproto. #EOFRIEHERD SEBIATY b i
adverse outcomes to PFNA in mice. PFNA was given to timed-pregnant CD-1 mice by oral gavage daily on gestational day 1-17 R: Tatum-Gibbs, x.2014.12.012. B s10) - 1~5 ma/kg 78 Boont, SO
t1,3,5 or 10mg/kg; controls received water vehicle. Dams given 10me/kg PFNA could not carry their pregnancy successfuly Katoria R; Zehr,  Epub 2014 Dec 1.3 Sme/ke/B ¢ (heox1%¥) ORRER BRCELTS 3 RULA, RAI HATL AR o, 1, REHOR
and effects of this dose group were not followed. Similar to PFOS and PFOA, PFNA at 5mg/kg or lower doses produced R Daniel; 2. i Ebi E (Aooxl#s ) ORBER GRS SN
hepatomegaly in the pregnant dams, but did ot affect the number of implantations, fetal viability, o fetal weight. Mouse pups Stiynar, Mark J; R - RSB0 W RIS mg/kg/ BB CEROTCSMIATES Sh., EEIELUBI0R £ TITCASRL, BALE TEE LEBNIR20% B
were born alive and postnatal survival in the 1 and 3ma/kg PFNA groups was not different from that in controls, In contrast, Lindstrom, 13 5 mg/kg/B ¢ TN BRI, FROPPAR @SR LEBAGT (Acoxl%s) ORMER (PNDL2E T, —HPNDIOTHRELR) Fritrote, £1. 1~5 ma/ke/ BB 3 KOS me/ke/B . BREM. R (2EH - EHO) BE0
although most of the pups were also born alive in the 5mg/kg PFNA group, 80% of these neonates died in the first 10 days of Andrew B; Lau, 3. Sme/ke/B : MESMMH (PND1-24) . BIRR - SEHEOME (RRMKEN, 265K USH) . BADEE (RRKEN, 35 LUTA) SEHRS bh, ERRTHEEORAMLCHBREN S SN, & 51, 1 me/ky/ BR A SFRPPAR G EHABERET (Acoxl s
life. The pattern of PFNA-induced neonatal death differed somewhat from those elicited by PFOS or PFOA. A majority of the Christopher 5mg/ke/H ¢ EETECTRIN (0%, EEI0ELH) £) ORRERNBALEQAEE THENCH bR
PFNA-exposed pups survived a few days longer after birth than those exposed to PFOS or PFOA, which typically died within the 10 me/kg/B : ERGL - B R, HEROLThLRERROL me/kg/E . RRAERIEERLE N OhORIREOL TS F
first 2 days of postnatal lfe. Surviving neonates exposed to PFNA exhibited dose-dependent delays in eye opening and onset of =2 F—XRUFAITO N, BMDLRUBMDLSAHH S N, B9, B, i ROLTH b ITRER(CHT 2BMDLEN—BLTRY(E
puberty. In addition, increasediiver weight seen in PFNA-exposed offspring persisted into adulthood and was likely related to WEETRL A, FUE (PENA:C9) 077 RBABUIRGRIEESHRCRIELLPFOA, PFOS (CB-PFAS) MER ( [55] .
the persistence of the chemical n the tissue. Evaluation of gene expression infetal and neonatal livers revealed robust [60] ) EIBILTHY. ThoORBPFASTEIAICRCRETS D EFRESENECRRTZERLEL DN,
activation of peroxisome proliferator-activated receptor-alpha (PPAR a) targot genes by PFNA that resembled the responses of
PFOA. Our results indicate that developmentl toxicity of PFNA in mice is comparable to that of PFOS and PFOA, and that <axvbs
these adverse effects are likely common to perfluoroalkyl acids that persistin the body. PFNA®. 0. 1. 3. 5. 10 mg/kg/day &HEAE CD-1 mice OIEIR 1-17 BIHIIfS L AR SIEHE, SRMHUHRER Z >
63 |£EE% (£ Evaluation of potential reproductive This study evaluates the potential reproductive and developmental toxiciy of perfluorohexanesulionate (PFHXS), a surfactant 2009 Butenoff LL, Reproductive 19420404 PFHcS  BMSD7 v PFHxS (7 99.98% B0 G i : ZEUE#A 5342~ 0. 03, 1 3. 10 Fomsi O1iE  O1:A  NOAEL (2EM) P 00:HEE 1 <axvrs A A
FREHE)  and developmental toxicity of found in sera of the general population. In & madified OECD 422 guideline-based design, 15 rats per sex and treatment group ChangS.-C.  Toxicology 27 pp r PEIR) ) 4B, i ZRUE me/ke/E 03me/kg/ELLE : i PTOIER (1 mg/ke/ESIAE) . MFAL AT A—LHD i1 mg/kg/B ® PFHXS 05y FALEERRESIEFRBTSH Y, OECD 422 A4 FOEAIERLT L5, ARENMBEEHTS AR, n=15/group T
potassium perfluorohexanesulfonate (control, 0.3, 1, 3, and 10me/kg-c) were dosed by gavage with potassium PFHS (K(+)PFHXS) or vehicle (0.5% Ehresman D. ), 331-341 SFlOER2AE T, iz 1mg/kg/FLLE © D TR E YRR, FR/MAPFHSREIOM 1) . Pl £ UFLAEE FHCFELS SEMRAESEHBTHE,
in Sorague Dawley rats. carboxymethylcellulose) 14 days prior to cohabitation, during cohabitation, and until the dey before sacrifice (21 days of lactation YorkRG: ERRE2SEET (A 3mg/kg/BELE ¢ i BRI ER RROMIN. FOREHD, ~7 b2 HEGD, N DEFTRRER ). EEAR 10 mg/kg/ B BECLHE L5 BEEBHOTAORSET L GRS ATUALENTE (RERRY CHAEERINHEED 000K,
or presumed gestation day 25 (f not pregnant) for females and minimum of 42 days of treatment for males). Offspring were not ) 10 me/kg/ B ¢ MEAKEMIOEIN, K707 T2 - A/GE: - TGRS, MIABUN - #0574 - ALPEEHERN, B $EOEE (MA8S X U158) NOAEL (Rt
‘dosed by gavae but were exposed by placental transfer in utero and potentially exposed via milk. Evaluations were made for FLESH ) 10 mg/ke/B
reproductive success, clinical signs, body weight, food consumption, estrous cycling, neurobehavioral ffects, gross and ~10 me/kg/ B ¢ B5 ISR L B L
microscopic anatormy of selected organs, sperm, hematology, clnical pathology, and concentration of PFHS in serum and liver.
Additional three rats por sex per group were added to obtain sera and liver samples for PFHXS concentration doterminations
during the study. No reproductive or developmental effects were observed. There were no treatment-related effects in dams or
offspring. K(+)PFHxS-induced effects noted in parental males included: (1) atall doses, reductions in serum total cholosteral;
(2) at 03,3, and 10mg/kg-d, decreased prothrombin time; (3) at 3 and 10me/kg-d, increased liver-to-body weight and liver-to-
brain weight ratios, centrilabular hepatocellular hypertrophy, hyperplasia of thyroid follicular cells, and decreased hematocrit; (4)
at 10ma/kg-d, decreased triglycerides and increased albumin, BUN, ALP, Ca(2+), and A/G ratio. Serum and liver concentrations
of PFHXS are reported for parents, fetuses, and pups. PFHAS was not a reproductive or developmental toxicant under study
conditions.
647 =EE% (% Toxicological evaluation of Sequential 28-day and 90-day oral toxicity studies were performed in male and female rats with ammonium perfluorobutyrate 2012 Butenhoff, John | Reprod Toxicol. 21878386 PFBA | 11D 7 PFBA (7> PFBA: 3% @0 G&  28BM 0.6, 30, 150 me/kg/ 6 ma/kghll : i 1 FRMIEHEREI. T4 - HETADHD Ol O1:iA  NOAEL:i:6mg/ke/ 00 HEE 1 - PFBAG28E M EC K5 B T1a 150 mg/kg/day & TH 7 k(A E ah ot . RO HBGVE HBGVE
@ESHH)  ammonium perfluorobutyrate in | (NH(4)(+)PFBA) at doses up to 150 and 30ma/ke-d, respectively. Ammonium perfluorooctanaate was used as a comparator at & Li Bjork, James | 2012 + N ] 8 30 mg/kgbLE © B : FFAEA/IH BRI, NFLDL AT A LET. BRI 2 . (Acox. CypaAL) = B B > 150 me/ke/ @® y »y sk LRFA-LOHDS, METAOHS (TSHOZEMHDEL) FTHo%, FRER. MEEL. DFILRTA-A0 BRI BEE
rats: twenty-oight-day and ninety-  dose of 30mg/kg-d in the 28-day study. Female rats were unaffected by NH(4)(+)PFBA. Effects in males included: increased A Chang, Shu- Jul33(4):513- ) (T (UgtlAD) R B P EERT Bl 52PPARG (Acox, CypéAl) . CAR
day oral gavage studies. liver weight, slight to minimal hepatocellular hypertrophy; decreased serum total cholesterol; and reduced serum thyroxin with Ching; 530. doi: funE W 150 mg/ke : it OB EHORA, FEREA, PRESHEEENOLONS ORE GFIE) (Cyo2B2 : PFOADS) & RUARERIE (UgIA) OmRNAGIIANS £ UCyp1AL (ANRBINE) ORBHSH . ThooBE:
no change in serum thyrotropin. During recovery, liver weight, histological, and cholesterol effects were resolved. Results of RT- Ehresman, David 10.1016/j.reproto PFOA (7 PFOS PFOA®30 me/kg/ B 5B THRS Sht,
‘GPCR were consistent with increased transcriptional expressian of the xenosensor nuclear receptors PPARa and CAR as well J; Parker, George x.2011.08.004. L 97.99% PFOA (30 me/kg/day) : IS : FHE%S, FRMEN/ IS ERAN, FEREA (£10/10. $3/10) | MEALTEEORN, PPARaBERET (Acor, CypdAl) mRNADMIN (CypdAlEHOH) . CARE + PFOA 30 me/ke/ BRSBITIRISIEL & ISFTREROMA. ALTEROMIN. FHAEA, FROPPAR  BEAETF OmRNADSRENH
s the thyroid receptor, and decreased expression of Cyp1A1 (Ah receptor-regulated). No abservable adverse effect levels A Das, Kaberi;  Epub 2011 Aug SRET (Cyp282) MANAGHN (0%, BIZRAWAR) | 16 : ERANH, FORED, TALEARHOEN, NHALP - BUNOR, FREESEESBRIEA/BTA, TSH- K4 - ERTIOR D, SNCESHEOAIAE DA —ERES S, BEHETEITN, MHAALPEE ORI, FRIPE (SRLEHR
(NOAELS) were 6 and >150mg/kg-d for male and female rats in the 28-day study and 6 and >30mg/kg-d in the 90-dat study, Lau, Christopher; 19. B EBROLOR S OF(E, PRESFHEEEREFIRNA (UgAD 05 RSN RSB TADHLHE) | 5
respoctively. Lieder, Paul H; - PROAI e~ T . i b WEMTEL
van Otterdifk, GEBESENB, PROARIATRFBADS ¥ 51 3 RBOIRNAAHEANL, PREAGEMBIENITES 2 U T 5 ¥ % L EABENI &
Frangois M; YELHNOTADRKRE LS EHLONE (PFBAOHEI DL TIRTIER) |
Wallace, Kendall
3
647 | ®EE1% (= Toxicological evaluation of Sequential 28-day and 90-day oral toxicity studies were performed in male and female rats with ammonium perfluorobutyrate 2012 Butenhoff, John | Reprod Toxicol. 21878386 PFBA | I£1SD  PFBA (7> PFBA: 5% 0 G&  90BM 0,12 6. 30 mg/ke/B 6 mg/kgslt | 6§ RTAOWD o OL:if  NOAEL: i :6ma/ke/ 00: IR 1 MBS 15 WSE - PFBAGNBMRERORSHRTE, RHMEOI0 me/ke/day% THEF ¥ i £ HBGVE  HBGVE
RSHH)  ammonium perfluorobutyrate in | (NH(4)(+)PFBA) at doses up to 150 and 30me/kg-d, respectively. Ammonium perfluorooctanoate was used as a comparator at a L Bjork, James 2012 3 LEEIN 30 me/kg : it - WARSOLT AL (4:7/39 (18%) vs HIME2/A0 (5%) . ECAMIE) | FHES/RAE/BHEOBERETRRES L. FRIEN/BIEREN. FRREA MRAL B. 5> 30 mg/ke/B = y »Y 0. REOFMREA, MARILR70- 408D, MATIOND ( EhEL) FTHL, RGE EEN ERE
ats: twenty-elght-day and ninety-  dose of 30ma/kg-d in the 28-day study. Female rats were unaffected by NH(4)(+)PFBA. Effects in males included: increased A;Chang, Shu-  Jul;33(4):513- " . RIS 3 EEBIBA/BTURL. PPARBHERET (Acor, CypdAl) mRNAGHNL. CARBIEMEF (Cyp2B2) mRNADIN, PRESFHEEMETFNRNA (URAY ORFEI SEOENERTHEPPAR (Acox, CypdAl) . CAR (Cyp2B2: PFOADH) & FRIRERE (URIAD OmRNADRBMNS &0
day oral gavage studis. liver weight, slight to minimal hepatocellular hypertrophy; decreased serum total cholesterol; and reduced serum thyroxin with Ching; 530. doi: N CypIAL (ANRMIEIR) DRRHLHRE AL
o change in serum thyratropin. During recovery, iver weight, histological, and cholesteral effects were resolved. Results of RT- Ehresman, David 10,1016/} reproto. . FRC AR T BT, i 200 . BOBEH
‘GPCR were consistent with increased transcriptional expression of the xenosensor nuclear recoptors PPARa and CAR as well J Parker, George x2011.08.004 HEL D —BEPFBADHER > OHAEE A BOAIUEL Y 6K E LT 12k & RAS AT S(Chang S. et al Toxicol Sci
s the thyroid receptor, and decreased expression of Cyp1A1 (Ah receptor-regulated). No abservable adverse effect levels A Das, Kaberl;  Epub 2011 Aug 1104:40-53) = ¥ LY GETHEY EVER (Table3) 5 bERE NS,
(NOAELS) were 6 and >150mg/kg-d for male and female rats in the 28-day study and 6 and >30mg/kg-d in the 90-dat study, Lau, Christopher; 19.
respectively. Lieder, Paul H;
van Otterdijk,
Frangois M;
Wallace, Kendall
B
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645 |®BE1Y (% A90-day repcated dose oral Possible toxic effects of perfluorohexanoic acid (PFHxA) were evaluated when administered orally by gavage Lo rats at levels ug2009 _ Chengels, Reprod Toxicol. 19420405 (%)  |WEMESD7 7 PFHXS (7 |985%  |#O0 (8 |90BH 0,10, 50, 200 mg/kg/ 10 me/kg/ FILLE © B : ARH B RN OLi@  01:% | NOAEL: f:50 mg/kg/ 00: &% - A -
RSB (gavage) toxicity study of to 200mg/kg/day for 90 days. Lower body weight gains were noted in the 10, 50 and 200me/kg/day group males (not dose- Chiistopher P; 2009 Jun;27(3- PFHXS  F oL ) 8 50 mg/kg/BELE £ M T MIADLRT A= - ALY LR, B BRI EREM 8. i 200 mg/kg/ B
perfluorohexanoic acid (PFHxA) in  responsive) throughout dosing. Other changes included lower red blaod cell parameters, higher reticulocyte counts and lower Kirkpatrick,  4):342-351. dof: 200 ma/kg/ B ¢ M RMREHD, MHEOTY VHD, B ATIACY AT R Yy RS BRRARE - BRUREEORN (ERRE  DERRE2TEE) . MAALPE - ALTEES, (FROERRNS £ U
vats (with functional observational  globulin n the 200me/kg/day group males and females, higher liver enzymes in males at 50 and 200me/kg/day, lower total Jeannie B; 10.1016/jreproto RS 5o (EHEE : 18200 mg/ke/ B: AL AT O - A OB, EOROFREETEE) | FRBYERS, FRIBERIEN (S8 © H18200 mg/ke/B: BRIGSERSNGH ERELIETCO
battery and motor activity protein and higher albumin/globulin ratio, and lower cholesterol, calcium in males at 200mg/ks/day. Miniml centrilobular Radovsky, Ann;  x.2009.01.006. #) L AEBOEIRREA RREARIIOHE) | FROSLAE Y -4 BREROMN (SE8 : FROZEE)
determinations). hepatocellular hypertrophy was present in 200me/kg/day group males and correlated with higher lver weights and slightly Shinohara,  Epub 2009 Jan
higher peroxisome beta oxidation actiity at the end of the dosing period. Based on liver histopathology and liver weight Motoki 21
changes, the ovel (NOAEL) for oral was and
for females.
609 ®EE% (¢ Evaluation of the chronic toxicity  Perfluorohexanoic acid (PFHxA), a 6-carbon perfluoraalkyl (C6; CAS # 307-24-4), has been proposed as a replacement for the 2015 Klaunig, James | Toxical Pathol. 25377447 PFHAA  WIESD7» PFHxA  98.1% 801 (& 267 (104:8F) M0 25 15100 100me/ke/B (i) : RoHOMET (26 528) 1B BESR 00 A BUE - AREORS TRIEL A, CITF o P T TN HBGVE  HEG
ate) and carcinogencity of commony used 8-carbon id and sulfonate. PFHxA s not currently a € Shinohara, 2015 3 ) mg/kg/EL B 0. 5. 200mg/ke/A () 1R (Kb, RELRSEEOLVECHERA) OET. FREN/FILESE 060 . BROBGTL (BAFME. REE0ZE) NOAEL (1) : 100 . @ BUREHERA L1:5 by M THaon, BREE (FAREE. REELE) £OBSEr BRI TRI
perfluorohexanoic acid (PFHxA) in  commercial product but rather the ultimate degradation product of C6 fluorotelomer used to make C6 fluorotelomer acrylate Motoki; wal,  Febi43(2):209- 0. 200mg/kg/E FeAAk L CREARE TR ST, me/ke/El. NOAEL HRoNE LALGHS, CORRMFESCARTAS,
Sprague-Dawey rats polymers. It can be expected that, to a greater or lesser extent, the environmental Ioading of PFHxA willincrease, as C6 Hiroyuki; 20. do ) < not - 0200 mg/kg/ BE CREREDET (RREM. FLEET) . H0100 mg/ke/ BEORPHOIE T ANEES CHE L 1 BRIEOE
fluorotelomer acrylate treatments are used and waste is generated. This artcle reports on a chranic study (duration 104 weeks) Chengelis, 10.1177/0192623 determined. LOAEL e aintz,
that was performed to evaluate the possible toxicologic and carcinogenic effects of PFHAA in gavage (daily gavage, 7 days por Christophor P; 314530532, Epub (1) 200 mg/kg/ B - ABEOFMIEORS 12 & 5T HHTI00 me/kg/ AL HT200 me/ke/ BT ORBTE, LFNOMEL: LEBORERIA ST, &
week) treated male and female Sprague-Dawley (SD) rats. In the current study, dosage levels of 0, 25, 15, and 100 mg/kg/day Kirkpatrick, 2014 May 28. HRTERAAMTRD SN,
of PFHxA (males) and 5, 30, and 200 me/kg/day of PFHxA (females) were selected based on a previous subchronic Jeannie B; Wang, < PFOA GEFF. 300 ppm) 08, OPPARGT T=X b & IR 3 DOMAN (FRIE. 4 7> ¢ @RI, MMBFERES) 72
investigation. No effects on body weights, food consumption, a functional observational battery, or motor activity were observed Zemin; Bruner, B, AMERSOFA, PPARCEILI L SIBREB (TR, FIE, W5 177 LR OLTRI GBS IESEEL
after exposure to PFHAA. While no difference in survival rates in males was scen, a dose-dependent docrease in survval in Richard H G LROEHS
PFHxA-treated female rats was observed. Hematology and serum chemistry were unaffected by PFHA. PFHxA-related
histologic changes were noted in the kidneys of the 200-mg/kg/day group fomales. Finally, there was no evidence that PFHIA
was tumorigenic in male o female SD rats at any of the dosage levels examined.
650 ®EE% (5 Systemic toxicity induced by topical 1d (PFBA) is a synthetic chemical belonging to the per- and polyfluoroalkyl substances (PFAS) group that 2021 Weatherly, Lisa Food Chem 34474067 PFBA  WB6CIFL< PFBA  98% B (HE 28BM (375 75%E) . 0, 375 75, 16%  375%LLE: 5 - SHENEROBN, AFILATA—L - TAURAT 74— CEEORI, B Y s DOCDILHBROBNNS £ CKEORN. T >/ B0 BEREIOMAC I 0RKHRE 01 - 00 HE 11 MOER 1 HHD - MEPFASOPFBAL WBVE AT LT S NTLB . BREDREREIE BT RMAROMEL FEEE3 2L T, A -
RSB application of includes over ted into numerous products. PFBA is a short-chain PFAS (C4) labeled as a safer M; Shane, Hillary Toxicol. 2021 EES ) BEAR (15%8) Xt kB, THIRLLS S & ). i 7=y ARET, —SCFRROSRETE - S MR = Y - st i 5 4 o
acid (PFBA) in amurine model.  altemative to legacy PFAS which have been linked to numerous health effects. Despite the high potential for dermal exposure, LiLukomska,  Oct156:112528, 158 (MRS ) | EARMAE B £ L BUTRARBAE (P U2/ T7R7 7 =) - R/ - AL - REHTE) HOHLAFRCEERTOE LTS, EEOTRETH,
occupationally and environmentally, dermal exposure studies are lacking. Using a murine model,this study analyzed serum EwaiBawr, doi 3754 £T15% : MK S 3~ RO
chemistries, histology, immune phenotyping, and gene expression to evaluate the systemic toxicity of sub-chronic dermal PFBA Rachel; 101016/ fct.202 T5%5LE | EAEM U > HIOCDA - CDBHE. MHRIIH. o, . CD4% £ UCD8 NKHBS & O
15-day (15% u/y or 375 me/kg/dose) or 28-day (3.75-7.6% v/ or 93.8-187.5 mg/ke/dose) exposures. PFBA exposure produced Anderson, Stacey 1.112528. Epub 1% L EAh Y K BHEOR,
significant increases in liver and kidney weights and altered serum chemistries (all exposure levels). Immune-cell phenotyping 3 2021 Aug 30. (5B £ < 3513 2 MEF R
identified significant increases in draining lymph node B-cells (15%) and CD11b + cells (3.75-15%) and skin T-cells (3.75-15%) < FFRICH0 BRBEETMET (CA36, LpILY, T5%LLETRIBES) : 5 > (Abcdd, Abce2, Abce3 1), BSBAZE (CA36, Fasn, Lpl, Scdl 1), U »JSEfL (Fabpl, Hpn, Lss 1), FFE1& (Aldoa, Apoxl, Big2,
and neutrophils (7.5-15%). Histopathological and gene expression changes were bserved In both the liver and skin after dermal Cengl, Gadddse, Gelc, Gsr, KNt1, Krt8, Naol 1), JEM iz HEAF S5t (Aldoa, Apex, Big2, Cengl, Kits, Krt18 1), $#7E (Coldal, Ipod, Osmr, Serpinel 1), JRE4R, (Lol 1), BRASBEFCAIPIp, Scdl 1), FREHE
PFBA exposure. The findings indicate PFBA induces live toxicity and alterations of PPAR target genes, suggesting a role of a (Lol 1), 4 £ UPPAR U 3> i (Cd36, Fabps 1)
PPAR pathway. These results expostre to PFBA ind and raise - EMOWETRR (S100a7a (B75%) bV, TS%LETIRRER) | RERTA LA > (L18,1L-61), T2RIEADE YA hA ¥ (Tslp 1), 54— VBE4F/52 — ¥ (51007, S1008a 1), H5E.
concerns of short-chain PFAS being promoted as safer alternatives. (Serpine 1), PPARa |, €44 ¥ (Oxell, Cxei2 1),
651 | ®EE1% (2 Toxicological evaluation of sodium  Sodium [NaPFHx, ] was evaluated in acute, 90-day subchronic, one- 2009 Loveless, Scott  Toxicology. 2009 19632293 PFHxA  ISD7 b |PFHXA (F 100% &0 Ga  EE 175, 550, 1,750, 5000 500 ma/kgslT | FECHI L SRBEORAMER 00 FHE 11 ROER 04 L i 0 RATRE : 500 mg/kg HBGVE  HBGVE
) perfluorohexanoate generation reproduction, and in vitro genotic In reproduction E: Slezak, Brian; Oct 1,264(1- LA ) me/kg 1,750 m/kg : 1/4515E 500 me/kg = »Y - BRESEORARBBERM R R
study, four groups of young adult male and female CrI:CD(SD) rats were administered NaPFHx dally for approximately 90 days Serex, Tessa;  2):32-44. doi 1) . CAS 5000 me/kg : 3/
by gavage at dosages of 0, 20, 100, or 500 me/kg. Selected groups of rats were evaluated after 1- and 3-month recovery periods. Lewis, Joseph; ' 10.1016/j.10x200. 2923-26-4 BEER  RRST, BAE. BREEED. O- B0 >ERRKOORE, BEOTREL LA, T BHEA, WE
Rats selected for were dosed for 70 days prior on, through gestation and Mukerji, 9.07.011. Epub
lactation, for a total of about 4 months. The subchronic toxicity no abserved adverse effect lovel (NOAEL) was 20me/(kg day), Pushkor; 2009 Jul 24,
based on nasal lesions observed at 100 and 500 mg/ (kg day). No effects were observed for neurobehavioral endpoints. NaPFHx OConnor, John
was a moderate inducer of hepatic peroxisomal beta-oxidation with a no observed effect lovel (NOEL) of 20 (mae rats) and C: Donner, E
100m/(kg day) (female rats). Elevated hepatic beta-oxidation levels were observed following L-month recovery in male and Maria; Frame,
female rats at 500 mg/(kg day). No NaPFHirelated effocts were observed on any reproductive parameters. The P(1) adult rat Steven R;
NOAEL was 20mg/(kg day), based on reduced body weight parameters, whereas the NOAEL for reproductive toxicity was 100 Korzeniowski,
m/(kg day), based on effects limited to reduced F(1) pup weights. n the developmental study, female rats were dosed via Stephen H; Buck,
gavage on gestation day (GD) 6-20 with the same doses of NaPFHx administered In the subchronic study. The maternal and Robert C
developmental toxicity NOAEL was 100 me/ (kg day), based on maternal and fetalbody weight effects at 500 me/(ke day),
NaPFHx is therefore concluded not to present a reproductive or developmental hazard. NaPFHx genotoxicity studies showed no
mutations in the bacterial reverse mutation (Ames) assay or chromosome aberrations in human lymphocytes treated with
NaPFHx in vitro, The lowest NOAEL from all of the studies was 20mg/ (ke day) in the subchronic study based on nasal lesions.
Benchmark doses (BMDL10) for nasal lesions were 13 and 21 mg/ (kg day) for male and female rats, respectively. The relevance
of the nasal lesions to humans is not known,
651 | ®BE1% (= Toxicological evaluation of sodium  Sodium [NaPFHx, ] was evaluated in acute, 90-day subchronic, one- 2009 Loveless, Scott  Toxicology. 2009 19632293 PFHxA  IS15D7 - |PFHXA (F 100% &0 Ga  o0mm 0. 20, 100, 500 100 m/kg/BSUE © Hill © BER EROKNE/ER, @ RS L CBREROMMEERCHT 3 HEOBE, F 0t s /—LSRILAROTE (ODMEEBHE L TERE | FREA OLif 1A NOAEL:Z0mg/kg/ 0% FEE B 1 B | S0BMRERORS SEMRONOAEL : 20 mg/ke/B. LOAEL : 100 mg/ke/B (REDHAEE : Mit) HBGVi HBGVEX
EREEH)  perflvorohexanoate. generation reproduction, and in vitro genotic In reproduction E: Slezak, Brian; Oct 1,264(1- 3 FUTL ) mg/ke/E 500 me/ke/ B ¢ Mt} FIRE - ~EFREY - AT RS Yy FORD, WEFUKEEORN, NMTREORD, BRAOKY, FRERME, FHIEABEROBES, 1  SERO. I FRS £. LOAEL : 100 EX < ABIH (NaPHFY) 1212 (moderate) OFF L4 %5 — L B-TLEHETL, NOELIRIES ¥ hT20 me/kg/B, M7 hTI00  EIRKL iR
study, four groups of young adult male and female CrI:CD(SD) rats were administered NaPFHx daily for approximately 90 days Serex, Tessa;  2):32-44. doi ) . CAS £ TBRFOBE (HiEs BERTHEVETOBTIRES) . Falt®s /-4 BRILEEOLE (ORMEERIE S HERE | FamEx me/ke/E (MR me/kg/BTH L
by gavage at dosages of 0, 20, 100, or 500 me/kg. Selected groups of rats were evaluated after 1- and 3-month recovery periods. Lewis, Joseph; ' 10.1016/j.10x200. 2923-26-4 D
Ras selected for were dosed for 70 days prior itation, through gestation and Mukerji, 9.07.011. Epub
lactation, or a total of about 4 months. The subchronic toxicity no abserved adverse effect lovel (NOAEL) was 20me/(kg day), Pushkor; 2009 Jul 24,
based on nasal lesions observed at 100 and 500 mg/ (kg day). No effects were observed for neurobehavioral endpoints. NaPFHx OConnor, John
was a moderate inducer of hepatic peroxisomal beta-oxidation with a no observed effect lovel (NOEL) of 20 (male rats) and C: Donner, E
100m/ (kg day) (female rats). Elevated hepatic beta-oxidation levels were observed following L-month recovery in male and Maria; Frame,
female rats at 500 me/(kg day). No NaPFHi-related effocts were observed on any reproductive parameters. The P(1) adult rat Steven R;
NOAEL was 20ma/(kg day), based on reduced body weight parameters, whereas the NOAEL for reproductive toxicity was 100 Korzeniowski,
me/ (kg day), based on effects limited to reduced F(1) pup weights. n the developmental study, female rats were dosed via Stephen H; Buck,
gavage on gestation day (GD) 6-20 with the same doses of NaPFHx administered In the subchronic study. The maternal and Robert C
developmental toxicity NOAEL was 100 me/ (kg day), based on maternal and fetalbody weight effects at 500 me/(ke day),
NaPFHx is therefore concluded not to present a reproductive or developmental hazard. NaPFHx genotoxicity studies showed no
mutations in the bacterial reverse mutation (Ames) assay or chromosome aberrations in human lymphocytes treated with
NaPFHx in vitro. The lowest NOAEL from all of the studies was 20mg/ (ke day) in the subchronic study based on nasal lesions.
Benchmark doses (BMDL10) for nasal lesions were 13 and 21 mg/ (kg day) for male and female rats, respectively. The relevance
of the nasal lesions to humans is not known,
651 | ®BE1 (£ Toxicological evaluation of sodium  Sodium [NaPFHx, ] was evaluated in acute, 90-day subchronic, one- 2000 Loveless, Scott  Toxicology. 2009 19632293 PFHxA  IS15D7  |PFHXA (F 100% B0 (8 PUE: REKTOBHA S 0, 20, 100, 500 PLREY OLif  OlifNOAEL (PLEEN®):20 00: % DILLE -7y PEMOCANEORSC S SRR EBESR T, MIERSNCHTRINN. BN - BEOEANASN S REMROS0 HBGVE HBGVE
RRESH)  porfluorohexanoate. generation reproduction, and in vitro genotic In reproduction E: Slezak, Brian; Oct 1,264(1- 3 LA ) S WEBMELBHG  me/ke/E 100 mg/ke/BSLE | i © ESIBEOISHE mg/ke/E. LOAEL me/ke/ B & THTEA ORERE AT >N - ERM RN
study, four groups of young adult male and female CrI:CD(SD) rats were administered NaPFHx daily for approximately 90 days Serex, Tessa; 2):32-44. doi 1) . CAS 1268, PLE : 8118 500 me/kg/ B ¢ Mk L I ¢ @ ) | ERREST A REEEL 100 mg/ke/B (53¢ - PRSI (500 ma/ke/ B SBTIEHE (LE0~218) Ao hisUhcies - ELBERDSALN T,
by gavage at dosages of 0, 20, 100, or 500 me/kg. Selected groups of rats were evaluated after 1- and 3-month recovery periods. Lewis, Joseph;  10.1016/}.10x.200 2923-26-4 . FLRLERS TS FLESH 2 A= s o)
Rats selected for were dosed for 70 days prior itation, through gestation and Mukerii 9.07.011. Epub . 500 me/ke/ B ¢ (S (£i0~21E) . RAMISHIE £ L (K1) NOAEL (4585t %
lactation, for a total of about 4 months. The subchronic toxicity no abserved adverse effect level (NOAEL) was 20me/(kg day), Pushkor; 2009 Jul 24 ) £ 100 mg/ke/ B,
based on nasal lesions observed at 100 and 500 mg/ (kg day). No effects were observed for neurobehavioral endpoints. NaPFHx O'Connor, John LOAEL : 500 me/ke/E
was a moderate inducer of hepatic peroxisomal beta-oxidation with a no observed effect lovel (NOEL) of 20 (mae rats) and C: Donner, E (RSB R © F1
100mg/(kg day) (female rats). Elevated hepatic beta-oxidation levels were observed following L-month recovery in male and Maria; Frame, OEHE)
female rats at 500 mg/(kg day). No NaPFHicrelated effocts were observed on any reproductive parameters. The P(1) adult rat Steven R; PLRS I DRSS
NOAEL was 20ma/(kg day), based on reduced body weight parameters, whereas the NOAEL for reproductive toxicity was 100 Korzeniowski, A= HERERD S
me/(kg day), based on effects limited to reduced F(1) pup weights. n the developmental study, female rats were dosed via Stephen H; Buck, n.
gavage on gestation day (GD) 6-20 with the same doses of NaPFHx administered In the subchronic study. The maternal and Robert C
developmental toxicity NOAEL was 100 me/ (kg day), based on maternal and fetalbody weight effects at 500 me/(ke day),
NaPFHx is therefore cancluded not to present a reproductive or developmental hazard. NaPFHx genotoxicity studies showed no
mutations in the bacterial reverse mutation (Ames) assay or chromosome aberrations in human lymphocytes treated with
NaPFHx in vitro. The lowest NOAEL from all of the studies was 20mg/ (kg day) in the subchronic study based on nasal lesions.
Benchmark doses (BMDL10) for nasal lesions were 13 and 21 mg/ (kg day) for male and female rats, respectively. The relevance
of the nasal lesions to humans is not known
651 |=EEI% (£ Toxicological evaluation of sodium  Sodium [NaPFHx, ] was ovaluated in acute, 90-day subchronic, one- 2009 Loveless, Scott  Toxicology. 2009 19632293 PFHxA  AEIRIESD  PFHXA (7 100% B0 & ER6~208 0,20, 100, 500 e OLiE  (01:H | NOAEL (BEM%  00:AWE |1:SIMEH 1: ) Z SRTIZ, BEYI 51172500 mg/ke/ BT, BRI P HBGVE HBGVER
FREHM)  perfluorohexanoate. generation reproduction, developmental and in itro genetic toxicity studies. In the subchronic/ane-generation reproduction E; Slezak, Brian; Oct 1:264(1- EETERIYEIN #) me/ke/E 500 mg/kg/ B : (EMNBOH S ) : 100 me/ke/E. @ y e ERI B
study, four groups of young adult male and female Cr.CO(SD) rats were administered NaPFHx daly for approximately 90 days Serex, Tessa;  2):32-44. doi 1) . CAS R LOAEL : 500 me/ke/ B
by gavage at dosages of 0, 20, 100, or 500 mg/k. Selected groups of rats were evaluated after 1- and 3-month recovery periods. Lewis, Joseph; ' 10.1016/j.0x200. 2923-26-4 500 me/kg/ B : (5% (~10%) (s EREIE)
Rats selected for were dosed for 70 days prior . thiough gestation and Mukerji, 9.07.011. Epub NOAEL (R1R) : 100
lactation, for a total of about 4 months. The subehronic toxicity no observed adverse effect level (NOAEL) was 20mg/(kg dey), Pushkor; 2009 Jul 24, me/ke/E. LOAEL :
based on nasal lesions obsorved at 100 and 500 mg/ (kg day). No effects were observed for neurobehavioral endpoints. NaPFHx OConnor, John 500 me/ke/E (b
was a moderate inducer of hepatic peroxisomal beta-oxidation with a no observed effect level (NOEL) of 20 (male rats) and G Donner, E EAE)
100me/ (kg day) (female rats). Elevated hepatic beta-oxidation levels were observed following 1-month recovery in male and Maria; Frame,
female rats 2t 500 mg/ (ke day). No NaPFHx-related effects were abserved on any reproductive parameters. The P(1) adult rat Steven R;

NOAEL was 20me/(ke day), based on reduced body weight parameters, whereas the NOAEL for reproductive toxicity was 100
me/(kg day), based on effects limited to reduced F(1) pup weights. In the developmental study, female rats were dosed via
gavage on gestation day (GD) 6-20 with the same doses of NaPFHx administered in the subchronic study. The maternal and
developmental toxicity NOAEL was 100 mg/ (kg day), based on maternal and fetalbody weight effects at 500 m/ (ke day).
NaPFHx s therefore concluded not to present a reproductive or developmental hazard. NaPF Hx genotoxicity studies showed o
mutations in the bacterial reverse mutation (Ames) assay or chromosome aberrations in human lymphocytes treated with
NaPFHx in vitro. The lowest NOAEL from all of the studies was 20me/(kg day) in the subchronic study based on nasal lesions.
Benchmark doses (BMDL10) for nasal lesions were 13 and 21 mg/(kg day) for male and female rats, respectively. The relevance
of the nasal lesions to humans is not known,
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tested, 3 ppm. Telomer B ammonium sulfate and WG-lil also produced liver weight increases but at higher feeding levels. The
striking increase in liver weight following relatively short-term exposures in mice makes this a useful screening test for
comparing the liver-enlarging capacity of ammonium perfluorooctanoate and related fluorochemicals.
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652  EERE)¥ (K Toxicological evaluation of Perfluorobutanesulfonate (PFBS) is a surfactant and degradation product of substances synthesized using. 2009 Lieder, Paul H;  Toxicology. 2009 18992301 PFBS HELESDF v PFBS (H 1) 98.2% #0 (8 90EM 0. 60, 200, 600 200 mg/kg/EBLE (i HERT, ~ETQEY AT U Y FES o01:# o1:f NOAEL : i: 60 mg/kg/ 00 : FF% RS 10 3BRLE - A -
EREBY)  potassium A 90-day rat oral gavage study has been conducted with potassium PFBS (K+PFBS). Rats Chang, Shu- Jan 8;255(1- L3 T LiE) ) mg/kg/B 600 mg/ke/ B : MM W (BEE & & CRLTRME £ E A , N . HERORF. 2 L UA B, f#: 600 mg/ke/B »HY
2 90-day oral gavege study with  were dosed with K+PFBS at doses of 60, 200, and y weight. The following endp evaluated: cinical Ghing; York, | 2):45-52. do Al BEE) 0 ik, FOREAD, SRS D LTS (EEEET
Sprogue-Dawley rats. observations, food consumption, body weight, gross and micrascopic pathology, cinical chemistry, and hematology. In addition, Raymond G;  10.1016/}.10x.200 RGNS i HEICEE K .
functional observation battery and motor actiity assessments were made. Histological examination included tissues in control Butenhoff, John 8.10.002. Epub CEELTHLT, BB LTRICHE S S BORRI S S SRR DTN B S,
and 600 me/kg-day groups. Additonal histological examinations were performed on nasa cavties and turbinates, stomachs, L 2008 Oct 17,
nd kidneys i the 60 and 200 me/ke-day groups. No treatment-related mortalit, body weight,or neurological effects were
noted. Chromorhinorthea (perioral) and urine-stained abdominal fur were observed in males at 600me/ke-day. Red blood cell
counts, hemoglobin, and hematocrit values were reduced in males receiving 200 and 600mg/k-day; howeer, there were no
adverse histopathological findings in bone marow. Total protein and albumin were lower in females at 600me/ke-day. There
were no significant changes in clinical chemistry n either sex. Al rts appeared normal at sacrfice. Microscopic changes were
observed only at the highest dose in the stomach. These changes consisted of hyperplasia with some necrosis of the mucosa
with some squamous metaplasia. These effects ikely were due to a cumulative direct iritation effect resulting from oral dosing
with K+PFBS. Histopatholoical changes werealso observed in the Kidneys. The changes observed were minimal-to-mild
hyperplasia o the epithelial cels of the medullary and papillay tubules and the ducts In the inner medullary region. There were
o carresponding changes in kidney weights. Ciinical chemistry parameters related to kidney function were unchanged. These
Kidney findings are likely due to a response to high concentration of K+PFBS in tubules and ducts and represent a minimal-to-
imild effect. Micrascopic changes of an equivocal and uncertain nature were observed in the nasal mucosa and were likely
attributable to the route of dosing (oral gavage). The NOAEL for the female rat i this study was 600 mg/kg-day (nighest dose of
study). The NOAEL for the male rat was 60 m/kg-day based on hematological efects.
653  EERE)¥ (& Evaluation of chronic toxicity and  Ammonium 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)-propanoate, developed for use as a polymerization processing aid in the | 2015 Caverly Rae, J M; Toxicol Rep. 2015 28962433 GenX HELESDZ v Ammonium  84% 0 (8 26R9 (i 10480, i 80 01 1. 50 1Bt B/ R AHERER o1: o1:f NOAEL : ff: >1- <50 00: k% RS 10 3MLE - RTHROGeXDEMBESFEHRIC SV T, FRICHTSPPAR 7 I= X MEREER L. IR GEESIE/ERIERE) | BR A -
RSEBH)  carcinogenicity of ammonium  manufacture of fluoropolymers, was tested for s potential chronic toxicity and carcinogenicity n a 2-year oral dosing study i Craig, Lisa; Jun 30:2:939-949. * 2333 ) 101:8m) ma/kg/B. B0, 1 1me/ke/E ;15 MRALBSA (12 7) - A/GLORA (4 mHA) me/ke/B. B 50 - < 5y HOBREHERPPARG TR RIS L STREAHR 5N, LA L, PPARGIC & SFRORIRE L) > HERENTE bl
2,3,33-tetrafluoro-2- Sprague-Dawley rats. Male rats were given daily doses of either 0, 0.1, 1 or 50 mg/kg; females were given either 0, 1, 50 or 500 Slone, Theodore  do: tetrafluoro- 50, 500 mg/kg/E 50 mg/kg/ B : 1 | FOEE - AESAEY A2 U Y MED (3, 62 8) . MBALPOMI (3, 64 8) . MEALBOMMN - GLOMD + A/GE DM (M ABEM) | MBMBRMEY - RUBE (125 500 mg/ke/B LTRESHVEEILATVS,
(heptafluoropropoxy)-propancate in mg/ke. Body weights, food consumption and clinical signs were monitored daily; clinical pathology was conducted at designated W; Frame, 10.1016/j.toxrep. 2- A) . (45 R) . (ESEAE] REBFEMEORE: BOBEE (5/70,p<0.05) . HR7 A ¥y cHIRES (REREMEORE/ EOR - FHBTESEELS L SNLRBIPFOA (7Y EZ7LIE  APFO) ORPAMHBTESIZH o RBEL —BT 5,
Sprague-Dawley rats. intervals and animals were given a complete pathological evaluation after 12 months and 24 months of dosing. Normal survival Steven R; 2015.06.001. (heptafluoro| BEOEMIRE, HARLOERTRHELMMIZA L, Esmlﬂm@m@ﬁ*manfn\ L#L. PPARa7I=Z MEBARTZMHETHE Z L5, T O Ridequivocal s BBOGER & ¥IKT = N,
‘'was seen in all groups, no abnormal clinical signs were seen, and body weight gain was reduced only in female rats at 500 Buxton, L eCollection 2015. propoxy)- EAEMTEREVA, PPARa & OB T RELFERTELL) | 2 MHALP - ALT - SDHOKEM (12 A) . MAGLODES (65 A) - A/GIOMM (s mHH) . B
m@/kg. Both sexes at the high dose had mild decreases in red cell mass which were somewhat more pronounced in females. Willam; propanoate RIGIEREM (125 3)
Clinical pathology indicative of liver injury was present in males that received 50 mg/kg and correlated with histomorphological Kennedy, Gerald (cAs 500 mg/ke/ B : U : (FEIEINIDH] (S2HET) | FMIRE - ~AESOEY - AT F S Uy bES - BRBEMKOMWN (3, 6, 120 A) . MMALBOWEN - GLOFL - A/GR DM (R4 LB A) | AR (RE
liver changes that included both hypertrophic and lesions. Similar feal lesions were seen In L 62037-80-3) - BURET:. 124) . FROMI/SHERAN (2. 258) . [ANBERR) DRRLEFREES BEKIESE (CP: 1245) . FROASSM. BR/SH. SRZTONE (b
the livers of females at 500 mg/kg. Previous shorter term toxicity studies have identified this chemical as a PPARa agonist and (GenX) A) . - R - BMIHSE (245 A) . BR (REELE - BLTETE - BIOBT LEATN - REERK(L - BILTEEE - CPN (245
the finding of benign tumors of the liver, pancreas and/or testes in males at 50 mg/kg and females at 500 mg/kg s consistent A . WERTLRERROBLR - EOBS/BEAE (24 A) . WRERKE BSROUICESTRETLOTREIE, 205 8) . BSHE) FERRE (11/70,p<005) . FERE o/,
‘with the rat response to peroxisome proliferators and is of questionable human relevance. Changes in the kidney, tongue, and p<0.05) (241 A, FMEOEY - @5t L OBENH SN, 5L 2HREHMENL)
stomach were observed only at the highest dose of 500 mg/kg in females. The no-observed-adverse-effect-level n this study
lies between 1 and50 mg/kg for males and between 50 and 500 mg/kg for females.
D1159 ®EEY Evaluation of Transcriptomic HFPO-DA (ammonium 2,3,3,3-tetrafluoro-2- (heptafluoropropoxy)-propanoate; CASRN 62037-80-3) is a component of the GenX 2022 Heintz, MM; Front. Toxicol. 35832492 GenX. 1EL¥ICR= 7 HFPO-DA T #O (G FOM : REEITORM, ZE 0. 01, 05, 5 (BEABRRR) o1 URES NOEL (MEMEMZ(L)= 00: L * HFPO-DA (ammonium 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)-propanoate; CASRN 62037-80-3) A A
(PPAR)  Responses in Livers of Mice technology platiorm used as a fon aid in the some types The liver is the primary Chappell, GA; 2022 = £ MEL4ER, FBI~85E  merka/day FOREI : 05 me/ke/daySLE © M 1 SFRRMIN, FRMIR, fbORERELIY 01 mg/ky/B Y Y + KEG: Kyoto Encyclopedia of Genes and Genomes
Exposed to the Short-Chain PFAS  target of toxicity for HFPO-DA in rodents and previous examination of hepatic transcriptomic responses inmice following oral Thompson, CM;  Jun:4:937168. CriCo1(CR M, Folt : REEHA S FLREM 5 me/ke/day © Bl © HEBIEE NOEL (Bf=F2:8)= < CTVREMOEARED b 7Y A7 Y T b - LRIRRCETE, £
Compound HFPO-DA ‘exposure to HFPO-DA for 90 days showed induction of peroxisome proliferator-activated receptor signaling pathways, Haws, LC doi: ) WE20ER21BET, & YRI VT b — L) 0.1 mg/ke/B mg/kg/ B # £ 10.000003 mg/ke/B & EE L (US EPA, 2021).
predominantly by PPAR alpha, as well as increased gene expression of both peroxisomal and mitochondrial fatty 10.3389/ftox.202 53~60Rfiil < BEFEY FTv Yy F A B (GSEA: gene set enrichment analysis) # & UBRFIS MRS & BERI2. Chappell etal. (2020) KRENABRE—HLTL S, HIMIEE b (2055 LTS mg/kgd - DI60DEE & &b CEE DRV ADFFHR 2 b,k HERICEY & CETNDEY: 0
‘acidmetabolism. To further investigate of liver toxicity, lic analysis ducted on liver tissue 2.937168. HFPO-DATR & HEICAMEF £ v MIciz, BEEEEE,. PPARY 74 LEE (T4hb, "KEGG PPARY /' MEIE™5 L U“WP PPARY 73 LER") « HEUI P2y FUTE~AFF2 Y — LD REVEEEERBCHFEMEEERET S LB THVEERLTV S,
frommice orally exposed o 0, 0.1, 05 or HFPO-DAna tonicity study. Hepatic 8B LT (up-regulation) KIHET B BET € v b, % bUICHEE MEH RS — K O FHEHIS (down-rogulation) BT 3 BEF£  bABENT:,
gene expression changes demonstrated activation of the PPAR alpha signaling pathway. Peroxisomal and mitochondrial fatty © 2BHLPPARY 7 LEEREF £y MEROTEC LRHBENIBETF LY F THo A HPFO-DAIC & SPPARa BRAGMET £ Y ML, aT4 V74 —LICHRAT, OPPARTA Y 74— L4
‘acid beta-oxidation gene sets were enriched at lower HFPO-DA concentrations, and complement cascade, cell cycle and BEOTBREFOEORBLAATERELEVRREDBET DEGs)H'EE N,
apoptosis related gene sets were enriched at higher HFPO-DA concentrations. These results support the reported «PPARa ¥ 744 7 ICHRGMET £ v b d, HFPO-DA 00.55 & U5 me/kg THEOT 5 THEIS %, PPARY ¥ /F MEEMETF € Y bE, WTROBRICELTH, WIhOEHTHRECHE
histopathological findings in livers of mice from this study and indicate that the effects of HFPO-DA are mediated through ATt
rodent-specific PPAR alpha signaling mechanisms regardless of reproductive status in mice. * PPARa AMERRELIIOWT, ~¥F2— 7 MRFHTIC £ 5BMDLE & UBMDOBIMEIR" LA ¥ ¥ —LOBEKM BLUI ba> FU T OMRNES B RGO 70y FASHEARTHS Z LATEA
. PPARa @ 7'+ Az -DATIRAAAF Y - LBELUI AV FUT DT%KB BLMETF 2y FAER, HFPO-DADE®R
BETEREART - F, BREAHELUTH - & v bR BB ADFR & BELEBIT, HFPC TR
DERERCHDDOT, > @EMROLPPARG ¥ 7+ ) » T OBFENT 5 T LAY
(29 AFRTES LLPPARBEF € v b (2 a iR/ y 5RO
1. General PPAR/Peroxisomal Signaling: 0.1 mg/kg/dayll £ : i : KEGG Peroxisome I . KEGG PPAR Signaling 1 0.5 mg/kg/daysl & : i : REACTOME Peroxisomal Lipid Metabolism 1. WP PPAR
Signaling T, # : KEGG Peroxisome T, KEGG PPAR Signaling T
2.PPARa Signaling:
0.1 mg/kg/dayb E : i : WP PPARa Pathway 1 0.5 mg/kg/dayll E © #fi# : BIOCARTA PPARa Pathway T, i : REACTOME Regulation of Lipid Metabolism by PPARa 1. i : WP PPARa Pathway 1
5 mg/ke/day : I : REACTOME Regulation of Lipid Metabolism by PPARa |
3.PPARY signaling:
“HREVMEF £ b (BIOCARTA PPAR Y Pathway, WP HIFLa and PPAR y Regulation of Giycolysis) 1-&8h% L
D1160 EEE)% (5 Assessment of the mode of action  HFPO-DA (; 3, is a short-chain alkyl substance 2023 Heintz, MM; Toxicol. Sci. 2023 36629480 GenX \foW | HFPO-DA | — - - - © B OMOPFASE [k, HFPO-DAZ AL A BEHRIC ST, RORSERO > EHETRFRASHOTLBNTH S - LHRENL, - - - - - - REOTROEH N SUTOZ EAELS, v9RFRICH HFPO-DASSIEMIZPPARa M LEMOADR R TH 2. ThonfFAE A A
) underlying development of liver (PFAS) used in the manufacture of some types of fluorinated polymers. Like many PFAS, toxicity studies with HFPO-DA Mar:192(1):15- - PFASOMEIR ST H B0, [ LIRAYAEN) LTHPFASIZ & > THEABIF (MOA) H' B4 2 MM A %5, HFPO-DAK BEOIFIRICE 29 FHRGE L URERBMSORGEH >, PPARa (R WAL VIRRCELTE P L OMBEERENTHS LE<HASNATLS (Corton et al, 2018; Felter et al, 2018) , FFlA, HLU
lesions in mice following oral indicate the liver is the primary target of toxicity in redents following oral exposure. Due to the structural diversity of PFAS, the 29. doi: - i ) B RS =213 HBH, FEHICH LT, HFPO-DALKH K BE N7 7 AR~ OEEH O RHE & %4 HMOA if- BATH, PPARa £7 & BHBERBRTIIEL LEILND
exposure to HFPO-DA and mode of action (MOA) can differ between PFAS for the same target tissue. There is significant evidence for involvement of 10.1093/toxsci/kf [SeIRh N PPARI:éﬁilbﬂ?aﬁ%ﬁﬂﬂf—)ﬁﬁﬁ%ﬂ‘}vMOAfD7v L7 =7 TRASNIKEs (F—LhBA <Y FOmh biFHaht, (Hall etal, 2012) , %, FHEOT—H—LHFXAONTELLOHORBIPPARQ N LEHETHY, BT LLFSHETTLOT
relevance to humans peroxisome proliferator-activated receptor alpha (PPAR alpha) activation based on molecular and histopathological responses in Thompson, CM  ad004. + KE1I~KE3® 3 DOKEs i (KE1), (KE2), (KE3)) 1221 Tid, HFPO-DAD AF AL vitro/in vivol A O F — 2 0o, WA DEHIC £ > TH BV ENTF—EhOREND, LA >T, HFPO-DAEK B#O T I R(CH I B FROELE. & bOREY 22 HECEEN TS
the liver following HFPO-DA exposure, but other MOAs have also been hypothesized based on limited evidence. The MOA HahTwa, —A, MBS, PPARy, HLU°I Fay FU TRERELSUREMOAR—RICHEXMTER S ATIRLEL, L
underlying the liver effects in mice exposed to HFPO-DA was assessed in the context of the Key Events (KEs) outlined in the © RYRICHFHHFPO-DAR A LA FFRA~OEH I, £ FTRELAVEEIONE, A¥A5, KEIOPPARGERLOA N EEBATHHENTVENLTH S, £ FHIFHPPARaZAL HEF R
MOA framework for PPAR alpha activator-induced rodent hepatocarcinogenesis. The first 3 KEs (ie, PPAR alpha activation, B >EFTRRENLRTO—E (FubLEREMER) LAELEL, 20ks, - EROFRTRRENAASFAG E F OREY 2755 ZHFPO-DADSHEDRME T ETEEL,
alteration of cell growth pathways, and perturbation of cell growth/survival) are supported by several lines of evidence from iR BA5, v RRICH T HHFPO-DARSIEMIZPPARa 2N LAMOADRRTH S, Th oMM E L5 K SWTE b e m&iﬁ(}ﬂ(ﬁm‘rﬁﬂ
both in vitra and in vivo data available for HFPO-DA. In contrast, alternate MOAS, including cy'otoxicity, PAR gamma and LIECER BT (Cortonetal, 201:Feltr ot 1, 2018)  Fk. 54 TAf ~GROFIRBA S OTMEICAH 5 0 . PPARG 2 & BEBRSETREL
mitochondrial dysfunction are generally not supported by the scientific literature. HFPO-DA-mediated liver effects in mice are EZohs (Halletal,2012) . fEk, FEEOT—A—EXLNTELVOHOEFIIPPARa ENLAEETH Y, LT L FBEUERTLOTREV I EAF - oREND, LT, HFPO-
ot expected in humans s only KE 1, PPAR alpha activation,is shared across species. PPAR alpha-mediated gene expression DA< B0y RIS H SFROELI, € hOREY R 2 FEHENTIEL,
in humans produces only a subset (ie, lipid modulating effects) of the responses observed in redents. As such, the adverse
effects observed i rodent livers should ot be used as the basis of toxicity values for HFPO-DA for purposes of human health
D169 =Ei®  Exposure to low-dose Objective: Perfluoroalkyl substances (PFAS) are with propertios. 2022 Atiema,B; Mol Metab. 2022 36115532 GenX  HCS7BL/6) PFOA  PFOA: @O (f 208m PFOA:0, 005, 03 - kM : ARMERSHEE (BAT7L) 15 LT, PFOA 03 mg/ke/BREIC K ) B, PPARG /-39 ATHEEMIIHER L7z, GenX 0.3 ma/kg/ AR EH CHELLT Y A0S THESMIIA 01 0: & 00: #EL 0:MEHY 1:HNEHS 0 AL R PFOADEMEAOW Bz, BELE LUPPAR-/-77 % FUZY A A
(PPAR) perfluorooctanoic acid promotes. Exposure to perfluorooctanoic acid (PFOA) has been linked to disturbed metabolism via the liver, although the exact mechanism Janssen, AWF;  Dec:66:101602. TR B GenX 95% &) mg/kg/B (BER, Hioh, EOREEPFOA 0.3 mg/kg/ BREHL YBETH 12, £y Y EUFBLFALRATA—ALEFDEES (FU 7Y+ Y FIZPPARG I TH > 7 « PFOALGenX|2PPARa t&%m Sii LINFORS
hepatic steatosis and disrupts the i not clear. Moreover,information on the metaboic effects of the new PFAS alternative GenX i limited. We examined whether Rijkers, D; van dof ERELY GenX : 979% *EHaBRE PPARG -/ %) < SN AT, 3B E LN TPROAS £ UGenX 003 me/ke/ BB THIEIRORA A0 b, PPARG RIETTATI2, PFOA, GenXe b ISHRIEALI S Ao o U FERIE U, RNAS =7 5> 7T, FROBEFRRCRITT GonX OREAELN (99%) PPARGISHAFLTLEDIH L,
hepatic transcriptome in mice exposure to low-dose PFOA and GenX induces metabolic disturbances in mice, including NAFLD, dyslipidemia, and glucose Schothorst, EM; | 10.1016/j.molmet PPARa-/- @ GenX : 0, 03 mg/kg/B - (hAERAR : FIIARE & L~ TPFOAS & UGenX 0.3 mg/ke/ BESM TRISEHROTBAMO HH SN, REHRTEEIAS T PFOADZ$IZPPARA (88%) f&AFLTLY; 2 . PXR# EPPARa
tolerance, and studied the involvement of PPARa.Methods: Male C57BL/6) wildtype and PPARa-/- mice were given 0.05 or 0.3 Hooiveld, GJEJ; .2022.101602. IR ($4£%, PPARa-/-7 - FFIiENER : §4%, PPARaRBT 7R L L, PFOADO3 me/ke/ BREBH THEEL BRI H L OL, HLEEETHSZ LARENT,
mg/kg body weight/day PFOA, or 0.3 mg/kg body weight/day GenX while being fed a high-fat diet for 20 weeks. Glucose and Kersten, S 9R) - TMERE. A R v ERE PPARaAh’WZ‘Uﬂ‘]iQi}t*\i TS LU ¥ 2 U VEAMORNA S SN, BEE, PPARa RIE L ICPFOADEMRE THMES £ U4 2 Y v BREHRE HiR 2 LT, PFOAS L UGenX~ D RMAEMRIECBIZ, 27 AOFEERMEN CALTH T LETLTL S, PFOADZIRIFE
insulin tolerance tests were performed after 18 and 19 weeks. Plasma metabolite evels were measured next to a detailod Dbt i ORI DEMBBRIC L > TRAENSOIH L, GonXDHRIPPARG I & > TREIHAE N, BEHOF— 51t PRASHEROS 77 i
assessment of the liver phenotype, including lipid content and RNA sequencing.Results: Exposure to high-dose PFOA decreased © MEPRER/ST A~ PPARG RIAT Y R THBER & AT, MBPTG, NEFA}::D‘?"Utuf/qumz7/v:\ ADFDIHHSNT, PFOAGARM TRBLR TORPTCEETL . PPARa- EREETLEED I LIS Y RED AT BAMMERCTRT S,
body weight and increased lver weight in wildtype and PPARa-/~ mice. High-dose but not low-dose PFOA reduced plasma BT STz, PRONSREBTRIBGI L AT O A bETFE LA, OBIEPPARG-/-77 ATHERL Y KE A o7, PRONSREETRIBENEFAL 7Y €0 — LA bETE €1
triglycerides and cholesterol, which for triglycerides was dependent on PPARa. PFOA and GenX increased hepatic triglycerides. . ThIFBER, PPARa-/-BEbICHSNT, PFOAEMRE, GenXBEMEBETHCEMRE (. DBPREL~LETLELED o1,
in a PPARa-dependent manner. RNA sequencing showed that the effects of GenX on hepatic gene expression were entirely < FRIEL LYY S0 2, PPARG AT Y ATHERL Y I T, PROADISS £ URMBB CHEER, PPARG--EOVNTALESY =4 LA EET &7, FTGHEERLY
'dependent on PPARa, while the effects of PFOA were mostly dependent on PPAR. In the absence of PPARa, the involvement PPARa-/-B THNAH 5Tz, PFOAS & UGenX S H TIZEM L FFTGL ~ L2 ET & ¢4:4° PPARa-/- BT ZOfFMRELLY: (PPARAIZPFOA L GenX DI TGHNHBEUNTE) .
of PXR and CAR became more prominent Conclusion: Overall, we show that long:term and low-dose exposure to PFOA and - FROPRIGEHR | PPARa -/ ETHEERE Y BRAOERABEITH AL, PFOAS X UGenX 5B THIREEROBERMINA A > N1, PPARG-/-ITH T DAMITSHENS: (PFOAL
(GenX disrupts hepatic lipid metabolism in mice. Whereas the effects of PFOA are mediated by multiple nuclear receptors, the GenX(IPPAR a fifF it i FTARAR I B2 18I0 )
effects of GenX are entirely mediated by PPARa. Our data underscore the potential of PFAS to disrupt metabolism by altering - B0 2 IEHBIENET R | PFOARARE TI2PPAR a DIRMllET D Cd36, Cypdald, Ehhadhis & ULpl mRNADRBREINA % S hth', ERME TIXCypdald D ABIHH Dz, GenXEEH T
signaling pathways in the liver. (c) 2022 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC b, FF#®Cd36, Cypdald, Ehhadhis & Ulpl i1, endocrine factor Bz, PFOALGenXi 51 & 5PPARa IER)NETF
BY license (htip://creativecommons.org/licensesby/4.0/). DRRSIMAREPPARa RIAT Y A THAKL L,
CHFR R TR YT b LR REFRRT -2 TR, & . RV TGenX, a3 Bht, PFOADEF \=PPARa
ENLEEE THH Q/TLY HE (F99%) THoteo
CALERDAOBREF £y MCBVWTECRCBHTLEAREFOE— b2y Thd, BERTIRLY LPPARa R Y RAOHAPFOAI & BMA ML Z EATEND, ThoDREFOS UL, -l
ERENETL ST UXEEEPXRIT IR O LS4/ 0v16a-Hk. Y A(PCN)(GSE136667). 7 5 Ui MMM T >~ K02 & > BEMA(CAR) 7 T=2 + HTCPOBOP(GSE186654)(= & T, ENdA
PXRE & Epas HLTWD, SR 12PXR; RN L 7 ¥4 B LTRSS,
D1312 E#i%) (% Envionmental explanation of  Perfluorinated compounds (PFCs) are man-made chemicals used in the manufacture of many products with water and dirt 2023 Wei, Y; He, HB;  Ecotox. Environ. | 37499384 PFNA | FISZbtA | FAEFA - - - - <877 REABPFODIE B ARRURE, FRRAA, ANARTT 471 7 EMERER LS < OREE ORENERENT S, LA L. PFCHRTRAA OB ERET 57 E > DAHTEH |~ - - - - - AV IA YT 5= ARREPFCHAEF A2 U = 7 : Comparative Toxicogenomics Database (CTD) &Gene Expression A -
HALE) prostate cancer progression based  repellent properties. Many diseases have been proved to be related to the exposure of PFCs, including breast fibroadenoma, Han, T; Wang, B; Safe. 2023 PFBS. 5% RS E L) %. FBH T, Comparative Toxicogenomics Database (CTD) & Gene Expression Omnibus (GEO) database, The Cancer Genome Atlas (TCGA) database# FL 1= 8IER %/ <4 A4 > 7 # 25 4 7 ARsT Omnibus (GEO) database, The Cancer Genome Atlas (TCGA) database% L T, 5 2DPFASs& S & OERMEEOREFER 2 U
on the comprehensive analysis of  hepatocellular carcinoma, breast cancer and leydig cell adenoma. However, whether the PFCs promote the progression of Ji, Py Wu, X, Sep:263:115267. invitro® H Sk Y, HIIBAA LS5DODPFCSOBIEM £ IS h I LTz, ks
perfluorinated compounds prostate cancer remains unclear. In ths work, through analysis, the carrelation Qian, J Shao, PF dot B MR PENA, x N TERAABEOFIZOL T 525D EARENL BENHIRIABEOTED U 22 WELRLT 51 110K SLPFASHESR 87 REAMCELT, EFBAET L HEROS SRENSENTNT O e X, BEESSEUHTREORS | GO (Gene
between the prostate cancer and five PFCs using Comparative Toxicogenomics Database (CTD), Gene Expression Omnibus 10.1016/} ecoen: HAME PFOS. EENBETH 1, EMIRAABEIEUTOY 2RI TEEHY STH:, Ontorogy: MEF4 >+ 8%~) £KEGG (Kyoto Encyclopeda of Genes and Genomes) ) % £ ¥ BRI & #1ff,
(GEO) and The Cancer Genome Atlas (TCGA) da-tabases. In addition, further analysis showed that several PFCs-related genes 2023.115267. (pc3, PFOA. risk score = ACADL * (~0.1701) + ALDH3A2 * (—0.2631) + EPHX2 * (~0.2747) + ESR1 * 0.2645 + LDLR * (—0.2998) + LPL * 0.1594 + POR * 0.4815 + PPARA * (—0.4095) + PSMBS * 0.4802 + RELA * © B8y =S WERR (PPI) 7y b7 —2 : PFCs& 2 A MOMERM® 5 2 WIEFR OB ORI : STRING & Cytoscape 3.7.2
‘demonstrated strong prognostic value for prostate cancer patients. The survival analysis and receiver operating characteristic LNCap) PFBS, 0.7579 + NFE2L2 * (-0.2397) ERWTPPIZ Y b7~ 2 £ RRARAL, Cytohubbal= & U, hubgene% EliE,
(ROC) curves revealed that PFCs-related genes based prognostic model held great predictive value for the prognosis of prostate PFDA CEADYRIHEMECL Y, NEBRASAOFRISOVTEY R7BEEY R BOBCH T EFERITET > 1. MAEFLR (disease-free survival) 2L L-EFHEMBRTIZ, BUZ/Z2ATHOSE « Cancer Genome Atlas (TCGA) — i SLER R (Prostate adenocarcinoma: PRAD) 75— b (495 AW ILERAA B4) O2ERAFRELH
cancer, which could potentially serve as an independent risk factor in the future.In vitro experiments verified the promotive role in vitros FOABEBL (o< 000]) EFEETT S EHTNE N BRI HELMLTE) R WO ETHEEHUIRC EEROED o1, 2515, WHEROCHRTTAIIEETPALCHIFR0T, 35 5 1 TCOAS KUGEOF— 5 <=, GEOF— 54y > M, BURAH L BERRIOT (A7~ 5 £ b, 7)Y Y AITLETER
‘of perfluoroactanoic acid (PFOA) and perfluorononanoic acid (PFNA) in the growth of prostate cancer cells. This study provided B #0724, 5H®0T2BELY, Zhi L EE— EERT. CoL5 R LETFBETAN ﬁﬁl?ﬂ‘hﬂ‘ﬂ{k’u“{}( &4 TRME (ROCHMTESR | AUC) EH#HT HOBESRRTA7 (AT 2428 (7)Y YZAATH(RAT>NEEAIATH(RAT=T) Chi, WELRREHWET (DEGs)
novel insights into understanding the role of PFCs in prostate cancer and brought attention to the environmental association PFOA. BIETENS,
with cancer risks and progression. PFNA CFEURZRIT, FUYYRIT BEORE) . FB. DAPSAL <L, EHR . cHE. PETHEFATRBUAUCE (0739) #%5 N, C5BBIREL FROBMETET 570, REXRIFHHE (R0S) ARERRL, SIILER AUO) ZXD
LH, BIILERA AR CET LAY RIEFE LTE 3C = o ROSHERIZHIIRA A BE DEEBEFHR (PFS)IZETLTHE, AUC < 0.80% FRBHHE & ¥IK,
* PFASH'HI SLERA A DR (] @575‘]%%”\»’)\.\’( PFOA & PFNAZ i 1R A* A #A8 (PC-: thD‘LNCap‘Mﬂ) L BEOBAEFELEMBE Lizin vitoRRTEH L1, - WIZBRA AR OB T A ¢ HRETFE & SRR £ Cell Count Kit-8 (CCK8) 7 v 424, EdU (5-ethynyl-2' -deoxyuridine) BGA T
A, BLUAN=-FET v &1 TAE,
D1330 ®EE% (2 Increase in mouse liver weight The weight of the mouse liver following feeding of ammonium perfluorooctanoate, ammonium perfluorononanoate, Telomer B 1987 Kennedy GL Jr.  Toxicol Lett. 1987 3686556 PFNA I#4#CD-1  PFOA (7> $~T99% &0 (B @ APFOOHI4EM (@D APFO: 0, 30, 300, 1 APFN (PFNADT > E=JLIE) D&5E L FIFREE o1 00: 8 - 00: L 1 - PENAT > £ =7 LEOF EREIFAIRPFOAT » E= Y LI L FIFRRIC3 ppm TRIET 3, A -
) following feeding of ammonium ‘ammonium sulfate, and WG-IIl was increased in a dose-dependent manner. Dietary levels of 3 ppm or greater ammonium Dec;39(2-3):295- IR EZ L ) @ amyE2186 3,000 ppm < APFN : 3 ppmbl £300 ppm# T, AFRROER - 15 8 & % F R k7960 ® Y »HY © BIEETIPFOAT ¥ £= 743 (300 ppm T & L 2FIPEL) (CH LT, PFNATIZIZIFI00 ppmE THA B2 EATE L, BHESHE
and related for either 14 or 21 days produced a significant elevation in liver weight both on an absolute and on an 300. doi: APFO) @4mE: 0, 0.01, - APFN 300 ppm# : fKERED, I1/501FETC, MIRFECHLEL, LTOESMIZPFOAL Y LPFNADA AL,
fluorochemicals ‘organ/body weight ratio basis. Similarly, ammonium perfluorononanoate produced significant increases at the lowest level 10.1016/0378- PFNA (7> 003, 1. 3. 10. 30 + APFN 3,000 ppm# : £HIFET S iEOFY 7y EAEYTIREAFRMERORENIZ0 ppmblE (vs APFN 3 ppm) TH 51, 3,000 ppm TORLTELPFNAT ¥ E= I LIED

100% 128 L. 10~20%T, SHS2AEMEPFNAT > TZTLELY b, & HIBHESRIRENT EHRENL,
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D1331 EE®¥ (K Toxicity studies of perfluoroalkyl  Widespread exposure to several per/polyfluorinated alkyl substances (PFAS) is associated with a wide array of toxicities. The 2019 National Toxic Rep Ser. 33533753 PFHxA  HEEESDZ v PFHxA > 99% 62.6 mg/kg/ BELE : Ml © MEBPPFHADFREKFFAIEM, FTHCyp2b] - Cyp2b2igMN, I : HMIMM - ~ESOEY « AT b2 Uy MEDHD (AR . DL RFA—AMD, T3 T4 BRETAHD, §F 01: F 00: % PFAS)E OFHOHE 00 : FFY B i i 1 ¥ B
EHEHH)  carboxylates administered by National Toxicology Program (NTP) conducted 28-day toxicity studies in male and female Sprague Dawley (Hsd:Sprague Toxicology 2019 L3 WCypdalighn BT, EN9Eo il 3 T
gavage to Sprague Dawley Dawley SD) rats (r 0/dose; five doses) to compare the toxicities of seven PFAS chemicals (three sulfonic acids or salt: Program. Aug;(97):NTP- 125 mg/kg/BLLE © B : $K2 /52 « ALB - GLOWY NOAELZER#H 2 HNT [PFASABE RS E & 0]
(Hsd:Sprague Dawley SD) rats sulfonic acid, potassium salt, and sulfonic acid; and four TOX-97. doi: 250 mg/keg/ELLE : Mtk © BMEEE NS 5 N . A/GELHEMD, (- WAN, ff - RO - ~AESOEY - AT EESNRBTRY - PFHxA (C6), PFOA (C8), PFNA (C9), PFDA (C10)#5 £ U'WY (Wyeth 14,643) O5$9BOLFh & £EMAAET 5 REMM LML L
(revised) carboxylates: acid [PFHxA], id [PFOA], acid [PFNA], and 10.22427/NTP- b2 Uy MEOHD (ARG 3 ROGRET RRINA DD SN,
perfluorodecanoic acid [PFDA]) via gavage in deionized water with 2% Tween 80. This report describes the studies of the four TOX-97. 500 me/ke/ BLLUE < Mt FFRRAEN B RGO, . AST - ALTHgA0, N i L MRS, . M TR - PFASHIH I 3tiff N EF3 @10, Acyl CoA# (- Bh
carboxylates (PFHxA, PFOA, PFNA, and PFDA); a companion report (NTP Toxicity Study Report 96) describes the studies of the AR ERISI, AP, MEE LR ORE/ LR
three PFAS sulfonates. Doses were 0 to 1,000 mg/ke/day for PFHxA, 0 to 10 mg/kg/day for PFOA males, 0 to 100 me/kg/day 1,000 mg/kg/ B - HElE : & NN, M SIMIEEOGE, SDHEM, WA EEREWNTHEL, BEWEEOAE/LR, i FRES/ARDEREN, RSN, 5 /50 - ALBEIY - A/GHE - EREEALSHEE T FERM %R (AST, ALP ALT, SDH) &2 0, 707 ) Y $LUALAF - L0, BIEHME L UERE ) LEY
for PFOA females, 0 to 10 mg/kg/day for PFNA males, 0 to 25 mg/kg/day for PFNA females, and 0 to 2.5 mg/kg/day for PFDA. . FFARAMMRANEIE(L/BA. REOMABMTE, BIEETIEEE (CPN) BEOHENG EORETPFASRECBB LA BARN Sht, PFHAZES LT v P TRENK AT A — 20Xl (FORHE, ~~
(Abstract Abridged). ET/OQEYELVAT I Uy FOED, THETIFHh. SR b,
#1, PFASDS < £ TS & U =
- 1L EDPFASTH 5 L . FFIR (FFMRAAEA. . FFHIESGE) | BEE (REmoOEE,
AR . BH (BREENS) | MR (ER) . MR (ERLRoXE MERER WTHR) | WELE (EEEEMRRE) Tho
IS
- PFHXAZ 5 L1 HERES » b 5 2 . PFDAZ < B L1 Z AT, SENCREMEOABETESS 1,
- PEAS SEOBIC4 5 M1 BEOU > EPPARE 7 =% b Olyeth 14643 bk s, L L. FREUADIEIA D Wyoth
14643 TRHSNT, 146435 K2V AIE BT ENTEEIND,
- PFHxA, PFNA, PFDA : AmesitBTIEHE, in vivoMZHERTREE, PFOA : Amesii® Tequivocal, in vivoMEHBRICE LTS v F T
BERTHBRAMREEOBERMAH S N1z,
D1331 ®EE% (R Toxicity studies of perfluoroalkyl ~ Widespread exposure to several per/polyfluorinated alkyl substances (PFAS) is associated with a wide array of toxicities. The 2019 National Toxic Rep Ser. 33533753 PFNA HE4#SDZ » PFNA > 98% ® o:E 00: 8 PFASAIE SO 00 : FFL 1: SINER 1: WEES 1:38E AL
EEEHM)  carboxylates administered by National Toxicology Program (NTP) conducted 28-day toxicity studies in male and female Sprague Dawley (Hsd:Sprague Toxicology 2019 * 0.625 mg/kg/BLLE : Mk ds & (RmAE) | (REaE) . S FFSEOet - B3 E IR (2.5 mg/kg/dayD HET, @HYEO
gavage to Sprague Dawley Dawley SD) rats (n = 10/dose; five doses) to compare the toxicities of seven PFAS chemicals (three sulfonic acids or salt: Program. Augi(97):NTP- M R E), . FRBER - A/GhEL - FEIE . TP - GLO - AL RF 0= (25 mg/kg/dayl2 #H &) - TG - ¥T4 - BRTADED, FFirhAcetyl-CoA % & &/— i, FriRD NOAELE R 2 HMT
(Hsd:Sprague Dawley SD) rats sulfonic acid, potassium salt, and sulfonic acid; and four TOX-97. do: Acox1 + CypdAl + Cyp2B1 - Cyp2B2 mRNAMNN, ATRHBLAHANSE O IE MR ML - ATARABNAEK - BOARESE - AL LN TIRELAEAEAL (~10 me/ke/day) RS hRBTIZN
(revised) carboxylates: acid [PFHxA], acid [PFOA], acid [PFNA], and 10.22427/NTP- 1.25 mg/kg/ Bl L N ERED, BEULEY - EEEUAEY - AST - ALT (250235 E) - ALP (254 ) - SDHHEM - TSHED, AL LGN L
perfluorodecanoic acid [PFDA]) via gavage in deionized water with 2% Tween 80. This report describes the studies of the four TOX-97. FHoED, FREOBMEDL (~2.5 mg/ke/day)

carboxylates (PFHxA, PFOA, PENA, and PFDA); a companion report (NTP Toxicity Study Report 96) describes the studies of the,
three PFAS sulfonates. Doses were 0 to 1,000 me/kg/day for PFHxA, 0 to 10 me/kg/day for PFOA males, 0 to 100 mg/kg/day
for PFOA females, 0 to 10 mg/kg/day for PENA males, 0 to 25 me/kg/day for PFNA females, and 0 to 2.5 mg/ke/day for PFOA.
(Abstract Abridged).

25 mg/ke/E : WRIEHERAD, PRIROEH/HERES, MCV - SRR - U > SREOHS, MCHOWAL #L7F=> - Ml - ALB- 7 X b X702, T34, FRIT - REBOMBEE
B T LR OB - TREO R RN - - R PO AETR (~10 me/kg/day), ‘ @5

5me/ke/ B 1 8/10815E

5 mg/ke/BELE | FHRY >/ S/BRIE Y >SI0SR, HEERARFEED . HEEEEROTH F =X

10 me/ke/ B 10/1001FEE, s LRI IS T IEE

3

1.56 mg/kg/ BSLE ¥ (BRAEE) |

Cyp2B1 - Cyp2B2 mRNAKGH, FFOMBEEIEREAL (~12.5 me/ke/day)
312 mg/kg/EIELE ¢ BISBSSTIGE, MIERERED, REEE < ALT- ALP - RESTRCEN, T4 - MHTAHS

6.25 mg/kg/ Bl : MMHEIEE, RRAESERSD, Y0 E> 000, FRIEA (~25 mg/ke/day)

125 mg/kg/ B : 9/1003EE, FHERESE - REMOBRLLY - WHL/IR/ THY >/ SB/BRIY > ABOBR - MR LA
25 mg/kg/B 1 10/10915E, MRS EEOEHE

L TP+ ALB - A/GE - SDH + 72 F A5 0810, GLOH . FFMAcox] + CypdAl +

BlF-3_REREHYM_21/26
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WeEwR
N 2 Pubhed € rats
@8 |zqtr ) RiTE Bk FisthR e £ HEFSA Y Hik PuE R zoM PBPKEF o R MR e
0 RREG R S0 known 33 2019 Thompsan, ) Appl Towca. | 91215065 GenX | REE S BERAIE 5 F 2RO (et a1, 0151 <5 512 <o RERIERE (5. ) EAROMORI LR o BWDREER GM05 27) CEE=e3n O BB AFURARGESAET ¢ | REESBERANED FIARDERA
dose for the pefluorinated (Gen, i processing ad used in the manufactureof flucropolymers. GenX is ne. Chad M it CRAROSKAR  BMDEFu: BUDS 1275 £U30 Masimum BMDa BMDL P-valve HIEGerX DERAABOSHA B (RD) Ok
o Seneca € g, |Sep39(9:1267 ®i0) ozt R contaminan (83 b BRI 513 REAREEE 28 63 058 R (D) £R, EROMEZR oquentstbenchmark dose model &
substances, which tend t have long learance hlt-Ies and are enionmentally Caroline; ish, 1282, do Maximum contaminant | =75 10%exta sk, —EOREBIET KH4 > b THSSextr ik el ool ARELEFEEER 48 2 10 R F Y= 7 BBEFAE A Baysion benchmark dose model (=
persistnt. Genx Vilim; Cullen, |10.1002/iat 3812 level goal (MCGL) O3 | 75 15D wcLe) sEGLSFEREE T8 3 08 PRy FY-sRREFLOE BWDENH
but has b detected in US and nternational water sourcs. There are currently John M;Haws, | Epub 2019 Jun @ B RID DRk BMDS 30 £MLNTEMDIO 5 £0 BMDLI0 9 f KE FAISEE B Brvr mE wou0m FEDLEL), BRROBES
o federa drinking water standards for GenX inthe USA; threfore, we developed LauieC i HERGRIDL RERIRDORY et 2 ws 0w

a non-cancer oral reference dose (RID) for GenX base on avallable repeated
dose studies. T review of the avalable data indicate that Gen is unlikely o be

departure

studies In additon,
The two
in RID values for fver n

22-year bioassay n rats (0.01-0.02 me/ke/day). The probabilstc approach
resulted Inthe lower, e, more conservative YD, The probabilstc RID of 001
me/kg/day results 1n a maximum contaminant level 8oa of 0 ppb. It s

. slong withthe hazard dose-
hould
regulator Interested i seting health-protective drinking water guideline values.

for Genx.

ML & | S (4ED)
HED * (UFAX UFH X UFS X UFD)
RFIERID: Chiu & Slob, 2015; Chiu o ol 20184
The pRID calcultion heren i as fllows:

HD,™ = ADy + (RFaxAFr)

HD, ™ = KDL AR,

BRID = (5th percentle of HD,.™) + UFy

where ADyg s  random variable representing the animal BAI:

BL. UFsEiER

EIVBRENLFECL YWY

HD,;*a random
interest;
HDy,™ a random variabl representing the equipotent dose to the most - senstive 1% of humans; AFBW a random variabla representing the
allometic saling facter:

AP andom the adjustment factor
‘and humans aftr applying allomatsc scaling

AR factor for UFD & non - random uncertainty in the
complatanoss of the database (uniless).
With the exception o the UF, all adjustment ependent al.Gots)

MCLG = (RID x BW x RSC) - drinking water intake

5 BMID/LS for developmental effects; BMD/L10 for all other endpoints.

(Candidate RID values

Endpoint POD (me/ke)
RID (ma/ka/day)
BRGE (57 BUDLS=3 88

BFRFE (15 7 ) BDLI
BFRAE (1£3 7 1) BUDLIO= 64 NA

veLe
MCLG for Genis eaual 0 70 ug/L (10
contibution (RSC) of 20%.

HED (m/ke) UFs.

UF, = 3; UF, = 10; UFy =3 (iotal UF = 100) 009
UF, = 3; UF, = 10; UFy = 3 (total UF = 100) 002
Probablistc approach (see text) UFp =3 001

PPb). This MOGL includes a default relatve saurce

CHIE 1R R (812
SR (001~ 0.02 ma/ke/
Sy

B) LusRRIE
P TRFEE Y, RIDHEC
L. D RSOERRL L

r
SR RID 5001 ma/ke/
DB, BATRBHEL NOB
I T0ppb £ 55,




