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Abstract: Per- and polyfluoroalkyl substances (PFASs), a class of man-made organic chemicals containing at least one C-F bond, have
been produced and widely used for more than 70 years due to their unique physicochemical properties. Their environmental pollution
problems are of great concern in consideration of their bioaccumulation, toxicity, and long-distance transport potential. Numerous studies
have shown that PFASs are ubiquitous in different environmental matrices around the world. The environmental behavior of PFASs in
aquatic systems has been extensively studied. Limited studies of PFASs in the atmosphere showed that atmospheric environment, as an
important medium for the transport and transformation of PFASs, has an important impact on the long-distance transport and
environmental risks of PFASs. This paper summarized the literature on the existence, sources, and distribution of PFASs in the
atmospheric environment and human exposure to PFASs through indoor and outdoor air and dust in order to provide a reference for the
environmental behavior and risk assessment of PFASs in the atmosphere. Additionally, the future perspective of related research was also
discussed. It was found that the relevant studies have mostly focused on emission characteristics of PFASs from the point sources
associated with their production, use and disposal, and the impact on the surrounding environment. Ionic PFASs (i-PFASs) were usually
the main compounds in the atmospheric particulate phase, while neutral PFASs (n-PFASs) were predominant in the gas phase. N-PFASs
were generally dominated by fluorotelomer alcohols (FTOHs). The contamination of i-PFASs varied by different sites and regions. In
recent years, the contribution of short-chain PFASs to the total concentrations of PFASs in the atmosphere was gradually increased. PFASs
in the atmosphere could be removed via wet and dry deposition, with wet deposition accounting for a larger proportion. Compared with
dietary intake, the intake via dust ingestion and inhalation contributed less for non-occupational population exposure to PFASs.
Nevertheless, the higher risks of PFAS exposure via dust ingestion for children and via inhalation for some occupational populations
deserve further attention.
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Table 1 Name, abbreviation, molecular formula and CAS number of PFASs
U AEy VN TR g3 Fa CASH5

=9 LR (Trifluoroacetic acid) TFA CF3COOH 76-05-1
45 T R (Perfluorobutanoic acid) PFBA C3F7COOH 375-22-4
429882 (Perfluoropentanoic acid) PFPeA C4F9COOH 2706-90-3
2 FC R (Perfluorohexanoic acid) PFHxA CsF11COOH 307-24-4
4 J JE R (Perfluoroheptanioc acid) PFHpA C¢F13COOH 375-85-9
4JRF R (Perfluorooctanoic acid) PFOA C7F15COOH 335-67-1
49 F-F& (Perfluorononanoic acid) PFNA CgF17COOH 375-95-1
43 B R (Perfluorodecanoic acid) PFDA CyF19COOH 335-76-2
49T LA ER (Perfluorobutane sulfonate) PFBS C4F9K O3S 29420-49-3
435 O LA R (Perfluorohexane sulfonate) PFHxS CgF13Na03S 82382-12-5
IR R (Perfluorooctane sulfonate) PFOS CgF17Na0O3S 4021-47-0
4 T-FEA# 2 (Perfluoronontane sulfonate) PFNS CoF19NaO3S 68259-12-1
6: 291 JHI 2R (6 : 2 Fluorotelomer alcohol) 6:2 FTOH CgF13H40H 647-42-7
8 : 290 % 2% (8 : 2 Fluorotelomer alcohol) 8:2 FTOH C1oF17H4OH 678-39-7
10: 29 1% 2 5(10: 2 Fluorotelomer alcohol) 10:2 FTOH C1,F,1H40H 865-86-1
A SR HER B (Perfluorooctane sulfonamide) FOSA CgHaF17NO2S 754-91-6
N-F 5L 4 G~ LA PR AL (N-Methyl perfluorooctane sulfonamide) MeFOSA CoH4F14NO,S 31506-32-8
N-Z 34> 553 LA R (N-Ethylperfluorooctanesulfonamide) EtFOSA C1oHgF17NO2S 4151-50-2
N- 34 G FLAH b % £ B (N-Methyl perfluorooctanesulfonamidoethanol) MeFOSE C1HgF17NO3S 24448-09-7
N-Z TR SRR RY 2.5 (N-Ethyl perfluorooctane sulfonamidoethanol) EtFOSE Ci12H0F17NOS 4151-50-2
6 : 295 BRI WL (6 : 2 Polyfluoroalkyl phosphoric acid diester) 6:2 diPAP C16HgF26NaO4P 407582-79-0
8 : 2 FFL I ZE WA WL (8 : 2 Polyfluoroalkyl phosphoric acid diester) 8:2 diPAP CooHgF34NaO4P —

6: 28N L HBLEIARR(6: 2 Chlorinated polyfluorinated ether sulfonic acid) 6:2 CI-PFESA CgCIF6KO4S 73606-19-6
8 : 250 fC Z B (8 : 2 Chlorinated polyfluorinated ether sulfonic acid) 8:2 CI-PFESA C10CIF20K04S 83329-89-9
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14 Ff i-PFASs™, LI TFAL H 3 {8 & (1204£80) pg/m’)
R, TR USSR PR, B TFA A1, i-PFASs i i3
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R AR TR Y L9 (819%£32%) 1 TS HRTTT R 4 LL 5],
PO T IR & RS rh PFASs % 3 b 22 19 S 7%
117 9% [ 4 2 R 4 X 5 % PR, 6 Fh PFASs 1L
Rof 308 S L T R 3 R A 2,896, Ul W B LR A
PFASs /545 H A B H Z A TR R 12

VRIS 15 Yo A ) R AL 2 A0 B 1) E 22 0o
SRR G KA . BRI 2R IR 1) 207
3, AT LA W 4 TR A0, PFASs B9 40 A 135 Y HE ik
FRAIE. T K W] A 4 il S Y PEASS, Jt I 0 B
TERURL AR (%) PFASS, 25 S0 B2 55 5 I SR H PFASs
AT DA S e o A R T T BR S, Miiller 2565 31,
K% TR i 0 7K PFASs & B BH & 38 i, X 3m] 7K
PFASs Bk B 1 5Tk % R 109%~50%. 75 [ b5 R 7K
Kt 17 # PFASs, LA PFOA #11 PFBA & 3, i PFASs
(A5 W 8 2%y 2~91 ng/(m’-d)"". [ T 90 91 % K= rp
PFASs H5 BRECE i, fied] 1 mm BERN 1 PFASs ¥
JEE A5, Bt 5 R NN A B4k PRASS ¥ 72 I (%A, 1l
3 mm AR AT TE R 2 75% (1) PFASs™.

KA PFASs o] 3 o B 55 05 =L B, B
PFASs 2 A AR AT 5 24 3 K3 PFASs 75 44 RRAIE.
R R PG 2R 2K TR R MR FE 1Y) PFASs (R A E R
15.41 ng/L) W] RE TR T T 1) PFASS™. Bt K<
FIFE S 1 PFASs 7L FTOHs S 3%, &% Y FTOHs
e M 140 pg/L, 5 & PFASs HJE Y 67%. I LTy
T TP R AH A SURLAE T PFASS ¥R BE 4301 4 18.7~
188 il 7.06~44.1 ng/L", X PFOS 1 PFOA Jy 32, 5
PR A AE 156 B H: = R T BB, SRR ],
R 25 PFASs YRR 28 RN 3 25 7 0 3 3k Hb T )5 A2 T
VG R AR RS A A A ST Ak, i T
A R B W [ 5 S B R AU H PRASs 1940 A 1 O, i
FHE AR T K H PFASs B9 A ME Rk 4k 27 2
i, {5588 4~7 d RS PFOA il PENA 5 2 1 g 1
i, 156 5 /0K 2 10 n-PFASs 28 4k 2% 2 0 5% 4k A i
i-PFASs.

3.2 PFASs H9H /BRI AR 23 Bie

15 YL W SR A L AR B (K, A e R i
TR EESEL, nl s e KA AR A
v B 0 BT R A, RIS, 25 R s e i <
Koy Be sz BRI, R PP AR SR R 52
FRPR R 52, P & e T WIAH A3 B A A8 T HOR A
SYBCAT RPN . SRS L A HLTS e AR,
PFASs AMUAELE T RKASAE A, 023 W% B 7 UKL AH.
PFASSs [/ K53 Bt i R % FL 4 BR Ao A A B 25
5T 1A EE . H R W] A9 & PFASs HLA 26K

SRR, DRI A% 8 1) P AH 3 B ASE B O AN 58 42 3 ]
T PFASs “URE 73 BC AN, X 7R — @ 22 B3 hn 1
AT RIMERE . 53 5h, X F i-PFASs, —J5 i i T2%
FEDT 2RI BR, FERAF AL R vh UM TP Y i-PFASs 23
TR PR S BUWUR AR 1 i-PFASs W4 i A, DE i 5%
Wi K, {ELAYAERA P 55— 0 T S URLAH & K AR
FEIRPETR I i-PFASs At U ) E ABURLA , 520000k
HERA P AL S PR Ay O AT . AHEL Z T, 48 R PEsR 1Y)
n-PFASs A 38 o B AMFF 58 sl IS BIRIPEAL 3015 K, (H,
41 : Wang %5 R Fi 2 804 M A B G R AR
(pp-LFER) fUBR & S 14 502 B P AH 23 B A B 18 2 13
DY P8 [ AR IR 2 25 S0 n-PFASs 1SR 53 T R 4R,
O 5 20 25 SR S — 34 Ahrens 4™ IR & T AT A
AL AR LAY PFASs 19S5 BEAT R, 45 5 2 3
KLAHHY PEASs 1Y i L Bl B 57 1< 32 55 im i 4 i, K<
pH FIL A pK, (X PFASs AR ML A — 5%
i) ; Paragot 4 A5 A AL 4538, A FF FOSAs
55 n-PFASs 7 LI &5, PFOS W = B A7 76 T 0k AH.
3.3 BERIUR S PFASs BYFRIEAT N
PRSI R 2 WS A B2 T H, AT 4
SEAUKAIRG, AL BA B 10 5 A s,
XAEIEAE R REDFFE SN S e R & 3E 1Y
BRI Ty 2] LU B AM7 g0 UL e B L, fif
WIS W AT SR | 3 W PR ORI 5. 25 BT i A A
TE T FRITREXT PFASs [X 5k i5 Y 52 0 J 1 HL A
SR, HAETOC T PFASs BB 9Y £ 2 Hr /2
PFOA J% H i 144, Chen 45" 7] FH s 76 8 57 ik bR 45
JHT (potential source contribution function, PSCF) 15t
T BT 7 9 25 JRL A K Hh PFASSs TS ZE R TR, & PH Y
Hif K AR]85 K PFASs R TR AEAE — 8 RO L IX 22
S, Hh C4~ C7 19 PFCAs F= ZERIE T B0 EE AR L
d AL R IH 2R B 48, 107 C8 ~ C10 4 PFCAs U 3
BLZ R A K BB AU PR, C11 ~ C12 /Y
PFCAs 7] g 5 E[J B2 Jb # F1 L 6 0y 1 g i ik A 5K
D'ambro 2" [ FH 22 R 25 S i e A (community
multiscale air quality modeling system, CMAQ) iff 57 T
Sk T JEi 26 Fh PFASs (9 1E 88 R A 4, & B
PFASs H A7 W] i 19 4 BF 85 1 B8 R AE, X 5% 1Y &
PFASs YLBUE T.) 150 km Py, 4% 0 Bl i a6 31 53
By IX 3k, i 37 AERMOD (american meteorological
society/environmental protection agency regulatory
model) 5% A #5541, Barton 55 & i T B 5% X 35 Y
PFOA fig ¥ JBE H IR (7 8, T30 -5 S B i 45 64 30
W) &, BB AERMOD 58 3 X 48 B 358 25 <
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PFOA 15 447K - HAT — 2 il Sk
4 PFASs AMARE

NN B 53 BB 5 Y R e B R B B R Y
i, BATTS e AR 2 88 A O i 2 2R iR
FIEMPATI AL, g N Tk A8 T IR AR A o
FREENTT (B 7K 28 SRR 55 s Yk B
S TR WA RN [B) Ak 5 A R R AR i 14 s AT
2 U285 0L 35 /000 VRN AR TR) A R R A T (i 25 <
JRAY K FNE W) s e vk B AT OGIR, PE A — 4
A R EE BN IS Y N 2 BR KT TR, BT
PFASs JUH J& i-PFASs 19 A {4 2 #2 0F 5% H i & B
HEE IR, IF H 250058 R 058 B 2 # PFASs
(1) BRI E AR K, (HZE A2 SRl
s Nl PFASs 1Y 2L, AT 0] 3 o v g A
IR N BB R A% fih 25 J7 X H& A PFASs. 5% i 7
PFASs A IILTE e B 5 % 9 25 S PFASs B APk
JE S IR AR DG R, I 2 P 2 P & MR AR X
N PFASs % 85 K VAT — 5 DUk, 3@ P . K2R i
B IR i 255 SR A PFASs XA [RI4E % B A\ 52 55
() ST HRAIE 9 & B0 L P T 7 M BE 1 Ie AT ok e 2 i) 4%
AL IR, @i KA HEA PFASs B 5Tk AL =, 1M
AN TR O R B N R T M A T ARG T k. £
Shoeib %1 % B, ALAE A fih PFASs i 3 2k 12 2
IFIEHEA (50.7 ng/d), 1M JL3E F 25 i KL HEA (24.6
ng/d); Egeghy 45" %75 2% LA b= A I8 A& & BH, L
i MR A PFASs 193 (0.027 ng/(kg-d) (LA i i
1)) B TR A2 (0.019 ng/(kg-d)(LAR T H31)),
I HLl By b 85 A PFASs (15 2 A1 5 4%, (X
THEHR A BT 5, kK2R 2 Py 25 S A PFASS
(R A0 ) o R AR 3% i1 2967, B 5B
FVER FH K AR Eb, 76 A2 48 A IR X6 A 5% 55 114 S iR AR
XA

(EAR R R, 53 0 A A H, SR Se i A B
(gl Ak T 53 ORI B D1 56 ) 88 3k WA R g i 4 f
ZhH% PFASs [ XB 3, ol RE 2 A A PFASs 1) =
BLEAR. BN FEE TN ILYE HH A 5 10 70 ) 32 B A
/¥ C8 5 C10 4 CI-PFESAs #¢ & A8 B A W) T 5
B AN, X — 25 RN HEE e TR E s A
R 2 B8R kB fih B 552 i 4217, A T B 1 R mK K,
TH B 53 23 38 15 WA I A2 R 55 1) 7 X 2 i T 3 vk
JEHY PFASs, BF 58 & B, T 1F £ 45 19 7 B 61 1M 75
PFASs f & i L@ AR 6~10 £3°Y, PFHXS Fl PFOA
A LT 3 B 55 9 B R TARARE BR A DG, TR 20 45
()3 b7 53 1A H PFOS H o7 vk B i 80 ng/mL, I 3%

TR T B 534k, 15 e e 2 b AL R il B
TR TR AR 458, B N BEXT PFASs KA 75 4 K&
TRAARFIN 35875 YL 1 S B ) AT — i 22 57, V5 e N
ilam I KA S PFASs 15 7] fE S IROK B
i, H S WA AR 527, 1974—1990 4, #3523 5 ir s
FEAL T AR MY B 30 Fog: R ) I8 A PFASs 1Y 51 ik B

i, (RS A LA A2 35 Yl 8 1T 7K A 7K IR AR FH 7K 0 7

i NHERR A PFASs [ FE 2812, KI5 e ™ B 55

GLHE R DX A 5 R I ok RSB A PFASS

P49 JRUSE R X A 5

5 H#RS5RE

a) KA AR FBURL AR o PFASSs 4351 A n-PFASs
F11-PFASs 4 3, n-PFASs — % X ) FTOHs & &, Tfij
i-PFASs 175 GL4REAE I PR 37 | b DX A5 % 25 2 1 A o
AN], KAHP PFHXA 4545 5% PFASs & it 2 i THAY
e B LRI T KB PFASs B 45 100 Stk (1)
ROR.

b) BRI P, = 2SS PFASs e — i
TEINKRAIRE, KL= NI AT B2 = 4R KR
PFASs I EZRIEZ —, P AMRSE . HBBESEZ5 41,5
AIRE R N2 R PFASs 1 FZR K.

c) T2 ARESE A PFASs B 3B ik 4%, {H i 1
KA B R EE BRI ANTE ZA, JEHIE K 7R
PFASs 5175 e I8 th i HROL A 2 % PFASs 19 51 ik
JER I .

d) % T KRB R G 5 IME R0 5 A2 1k
A RAH G I B 22 G ] S A 2875 ek F A
BRAERR AR, JF RS EETE PFASs K IE
BAE Y DR

e) % B KB PFASs {5 4 iy iz 1, %
G N AR W 0 X G X B 458 45 LRI N B £ B XL
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