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i E.EM THART—RABRE T AR S R AINSE Y (PFASs) K 3R & do ik b PFASs K A F 4
BB E, AiE AERAXTEER#F—BREEOABFATFR S L (n=67) 8138 5K RMEE-ZFTWHEAMF
JR# (UPLC-TQ/MS) B Al AL & 5 8 i 7 12 A+ PFASs 3R JE, R R 5 A XM @3 54 77 koA — M A v F 4
Fadn i PFASs R E 69 2B R KR T —AFLF P 12 FF PFASs 89 -F 39k EARF 4 11.60 ng/mL, 4
RFIRBRBR AL % £ (PFOS) An o R FBR A KL 3 £ (PFOA) W) TT#K B8 K, 5 A1 A 45.03% 4= 31.86% , F AR h
& ¥ PFOS.PFOA 4 A T A #8: (PFHxS) . &R L8 (PFNA) X £ 2O W Kk E S T XK, L B (95% T R
) % %1 A 0.708(0.313,1.104) .0. 518(0. 069,0. 967) 0. 724 (0. 388 ,1.059) #= 0. 684 (0. 399,0.968) , F B, & I
Ao & P PFOS,PFHxS . PFNA R E A= b 2 E AR K, L B1E (95% T4 R [ ) % %) # 0.062(0.042,0.081) ,0.035
(0.019,0.052) #= 0.030(0.016,0.045) , Z5it WA Fo S5 d 2t o 75 F PFASs iR E A % v, £ 847 A4k PFASs & 5%
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Concentration of perfluoroalkyl and polyfluoroalkyl substances
in serum and their influencing factors in general
population in Wuhan, China
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Abstract: Objective To investigate the concentration of perfluoroalkyl and polyfluoroalkyl substances (PFASs) in the
serum of the general population in Wuhan, and to discover the influencing factors of the concentrations of PFASs in serum.
Methods Total of 67 people who had physical examination in a certain hospital in Wuhan was selected as the study
object. The concentration of 12 kinds of PFASs in peripheral serum were determined by ultra performance liquid
chromatography-triple quadrupole tandem mass spectrometry ( UPLC-TQ/MS ). The correlation between general
demographic characteristics and PFASs concentration in serum was discovered by multiple linear regression analysis.
Results The average concentration of the 12 kinds of PFASs in the serum of the general population in Wuhan was 11. 60
ng/mL, which was lower than those in previous studies. Perfluorooctane sulphonate (PFOS) and perfluoro octanoic acid
(PFOA) were the main contributors, accounting for 45.03% and 31.86% respectively. The concentration of main
compounds including PFOS, PFOA, perfluorohexanesulfonic acid (PFHxS) , and perfluorononanoic acid (PFNA) in the
serum of male population was significantly higher than that of female population, with the 8 value and 95% confidence
interval (95%Cl) of 0.708 (0.313, 1.104), 0.518 (0.069, 0.967), 0.724 (0.388, 1.059) and 0.684 (0.399,
0.968) respectively. At the same time, PFOS, PFHxS and PFNA in serum were positively correlated with age, with the 8
value and 95% Cl of 0.062 (0.042, 0.081), 0.035 (0.019, 0.052) and 0.030 (0.016, 0.045) respectively.
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Conclusion Gender and age have influence on PFASs concentration in serum, and these factors should be taken into

account for human exposure assessment of PFASs.

Key words: Perfluoroalkyl and polyfluoroalkyl substances; general population; age; gender; influencing factors

H 20 22 50 4R LR, &8 Kk 2 Wbk A
Y1 (PFASs) B9 A= 7= 9F T 2 8 Tolk F s % v,
AN Z) b R 0 O B U RE AR MR RE ORGSR Atk
di 24 R R | LR R R 2 T e R A
O W58 0 PFASs A PR # 1E wi e it
FETEME B M E Z AR #2014 4F | PFASs
I 4 R e i TR M L3 25 (PFOS) F 4 9 R S
HALJ (PFOA) W HI A “ X THReATEA VLT I
(POPs) FY 37 8 AF JR EE A 2971 B B B9 POPs,,
2 [ BRI 5= K S I i E TR 0 A A R
PLFLIE PFOS Fl PFOA Ay A 7 Al . i 3 B AR
R E G, A Tk A 7 R AR ik T Bl A
PFASs, H ™= 8% &, 78 2006—2011 4F 8] , PFOS 1
AETEEE R 200 ~ 250 t, Hr ) 2 — 2 LR Py 2R R i
ML, =T B oD, sk E N RR§ PFASs i F /Y
H AR HE R E 1 A 6

Tk A= 7= 3 3 Hh 4 B PFASs RO R 45 8, A
Xt PFASs (152 55 T2 )% th it 2 54 n' B4 wF o™
2R U TR R RO R A9 1078 bR A Thos: ) PFASs LA
PFOS ,PFOA Fl4 5 O B 6 iR ( PFHxS ) 2 ., Hofr,
PFOS Y K % 18 100% , HF 35 % & 35 5 12.5 ~
52.7 ng/mL, LT AE7E Tolk Ak A 7 5 K &
PFASs B35 45 5 3 FLAE EOCTT 8 7K -t A6
BT —EWE R PFOA(18.12~119.31 ng/L) """, 41
AT R BTk 0 3l Mk A B 3
PFOS 4 i &5 35 10 400 ng/mL, {H#K %= HHT, A X
RO E A R YE P A PRASs BFGT /b, b AR
F 5 LA IUT 14387 3 T N AF 28 6 42, BF 58 s T
— M NFERY PFASs 1 faf K FlT5 YL RRAE , I 43 B 3L
EJRRFERT G AR PR ) B B R J5T A 4 %X ( BMI) Z [
1 S ERE

1 MRE5F*
1.1 Fk
111 WFRX%

AHIEZE LA R I T R G 0 A A N RE Sl BIF 5 X
%3k 67 £ A WE X R TR BRI A E N R
B, PR E—RAE Bk A T ANl sk, G454
ARSI IR NS = g T
1.1.2 bRASREE

T R 25 W R AR R A R K AL 5 mL; iy B
Y IMFET 4 °C 4 000 r/min 5.0 10 min( 8.0 248
20 cm) A B, 0 MLTE T - 40 C R AF, 140 i &

-80 CIRAF, HREE 67 17,
1.1.3 FEZAUE 5

ACQUITY A /= R0 AH £ 3% - — 55 D A T o 3% 16k
FHAY (UPLC-TQ/MS, 3% [ Waters) , N-EVAPTM112
TR E WAL, #8742, H2050R ¥4 % & i B 0 L, #
ali K AL (18 E Merck) ,XH-B IRIEIR 5 %% .

TR AN (4> M &), DU T JE 4 R S0 %% (TBA) , H
BE NG TR S RUT SE T (MTBE) 2 0k 43
%% RS E Y T (SRM1958 , 25 [# NIST) , 4> f IR R
KM I AL &Y (PFAC) IR bR WM PFAC [A]
12 (MPFAC) N B8 1R A br I W3 18 A in & X
Wellington , ¥ FE #4724 2 000 ng/mL, £ 40 5 B0 TR0
MWL,
1.2 ik
1.2.1 FES BT

SR P YR A A BB F o 9k 1k R 0 A R ECRT
Hib, B 0.5 mL MIEFA T 15 mL RGO E
FOBA 10 wL 100 ng/mL 5 B BRI, 1 mL
0.5 mol/L TBA i 7| Fl 2 mL 0.25 mol/L % iR 4l 2%
W, TR AL A 5 mL MTBE, #8 7 I 7 3%
30 min,0 °C 4 000 r/min &> 10 min ( B L 212
20 cm) . YBE BVEWR TS 2 AEOE R S 1A
BTN 5 mL MTBE, #E4745 2 IR HL, 0 C
4 000 r/min B0 10 min( .04 20 em) 5, 591
2B I M A A R T, A 1 mL K-
(1:1,V/V)SEZR,H 0.2 wm JE R IEE T I8 5, LA
HERE /N, B 5
1.2.2 AURs &0

3%, {5 3% H ACQUITY UPLC BEH-C
(2.1 mmx50 mm, 1.7 pm); H .40 C; ik 0. 4
mL/min;ﬁﬁéM:ﬂ:{:lO ML;%HUFE A:2 mmoL/L fif
T2 Bl K VS L5 A AILAR B . P BE s 0 FE R AR 7 L 36 2

Jg . B T S OR O WE 55 fh B R R A
(ESI) ; BHIE HLIE 0.5 kV; B FIREE . 150 C;
JIR v TR £ 550 °C 5 HEFL AU iE 50 L/h B 7K
JiEE 21 000 L/hs Al A< A, 8 AR 22 I
7 DU ( MRM ) AR =X JH Al B 3% 2 B WL 3K 3,
1.2.3  Ji e 3 il

B —HEARAS (20 fy 2247 ) 76 Ak B3k 72 Ao A PR
323 AR A (MALL-Q 47K ) | — 3 BT ¥ HE dh (B tfE 2
% ) B SRM1958 ), — Jf i 47 Hi A& 2R W E
SRM 1958 114 4 kA 45 S 2 76 FRAEYE L Py . [l B,
A SR E S R R, MR ER
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F 1 12 Bl PFASs HR ME U W B 95 bn HE R 1
Table 1 12 kinds of PFASs standard solutions and quantitative internal standard standard solutions

& 4 Fr HE eI AFR e T B
EHE R PFHxA perfluorohexanoic acid 6
13C2—ﬁ§ﬁa i3 MPFHxA perfluoro-n-[ 1 ,2—13C2 Jhexanoic acid 6
£ N PFHpA perfluoroheptanoic acid 7
R PFOA perfluorooctanoic acid 8
Pe, R MPFOA perfluoro-n-[ 1,2,3,4-"C, Joctanoic acid 8
LR PFNA perfluorononanoic acid 9
laCs-éff\I‘M MPFNA perfluoro-n-[ 1 ,2,3,4,513C5Jn0nan0ic acid 9
LTI R PFDA perfluorodecanoic acid 10
13C2»¢ﬁ§§@§ MPFDA perfluoro-n-[ 1 ,2—13C2]decanoic acid 10
Rt —m] PFUdA perfluoroundecanoic acid 11
BCZ-%ﬁﬂ‘*M MPFUdA perfluoro-n-[ 1 ,2—]3(:2 Jundecanoic acid 11
£ W i 7y PFDoA perfluorododecanoic acid 12
13C2—ﬁ§$\+:@§ MPFDoA perfluoro-n-[ 1 ,2—]3(]2 Jdodecanoic acid 12
oy e 7 PFTrDA perfluorotridecanoic acid 13
A R PFTeDA perfluorotetradecanoic acid 14
21N PFHxDA perfluoropalmitic acid 16
2 PO B R PFHxS perfluorohexanesulfonate 6
‘goz-é’ﬁtd%ﬁ;ﬁm MPFHxS sodium perfluoro-1-hexane[ IS(,)2 ] sulfonate 6
4 5 ot T T PFOS perfluorooctanesulfonate 8
13C4»¢ﬁ$ﬁﬁﬁ@ MPFOS sodium perfluoro-1-[ 1 ,2,3,4—13C4] Octanesulfonate 8

2 PFASs B BEUE MR P
Table 2 PFASs gradient elution program

B ]/ min A/ % B/ %
0 80 20
0.5 80 20
5 10 90
5.5 100
6.5 0 100
7.5 80 20
9 80 20

# 3 PFASs BJRIG RES

Table 3 Mass spectrum acquisition parameters of PFASs

&Y BT (m/z) FET(m/z) HARE/V RfEfER/ eV
PFHxA 313 269 30 10
MPFHxA 315 270 30 8
PFHpA 363 319 30 12
PFHxS 399 80 55 33
MPFHxS 403 84 55 31
PFOA 413 369 30 8
M-PFOA 417 372 20 10
PFNA 463 219 20 17
MPFNA 468 169 20 19
PFOS 499 80 35 40
MPFOS 503 80 35 40
PFDA 513 469 35 8
MPFDA 515 470 20 10
PFUdA 563 519 20 10
MPFUdA 565 520 20 10
PFDoA 613 569 18 10
MPFDoA 615 570 18 10
PFTrDA 663 619 18 10
PFTeDA 713 669 18 10
PFHxDA 813 769 18 10

25 FARE i BE A6 TG AL R X i Ak B 5k R AT B A R
7 MTBE I it ik A 08 A A R 0 5 482 B A B

B0 4 08 3R DN 0 b B 5 T R S R IR A SR SR
W S0 % oG Gt 5 X SE IR B T A O 5 0 R AT
R 235 R 0 AT HE
1.3 Zil%a0r

R Y5 F EmpowerStats (B il & i 84 ) 5
R IEAT G 0 B . WERENS G — MR AE 45 R G2 1t
R BB AR E 22 (x2s) 3R, ML A PFASs W 52
TRAS 53X, M35 Hh PEASs ¥R 3 H 8K 6 S0 17 % e
VIE T 500t . R 22 504 [R5 23 BT 1L Hh PFASs
WeRE 5 N B GE i 5 FRAE 9 DS BE P, K R K UE o =
0. 05( XM ), P<0.05 257 A1 Geit =i X,

2 H#R
2.1 WFIEX 5 —eRRAE

RX LI 67 2, B 5 62.69% (42/67) , 4
14 (30.06+9. 13) %, B & K (168.28£8.15) cm,
K HE M (64.93+11.23) kg, BMI Jy 22. 83+3. 05,
2.2 AR PFASs ¥ K OF Je K %

ARG XS LT 67 1y — M A HE MG h 12 Fh
PFASs #EATHRI , FEF- 5 4k B2 K SF- R 11,60 ng/mL,
& KRAE N 31.79 ng/mL,%/l\ﬁjﬂ 1. 46 ng/mL, W3
4, FTA MWEFRA T PFOS . PFNA PFUdA 1 PFHxS
B H R 24 100. 00% , PFOA B %K 98.51%
(66/67) , PFASs Ho—AbA W75 4 KV (A 50
B KM PFOS . PFOA |, PENA, ¥ Ji 43 31
4.17.2.95.0.68 ng/mL, PFOS Fl PFOA J& PFASs
B 3 A A, 4> W 45.03% 1 31.86% , Hi Rk A
PFNA(7.34%) PFHxS(6.70%) .PFDA(4.54%)
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F4 RITT—BABILIE T PFASs W AR R (n=67)
Table 4 Concentration level and detection rate of PFASs

in the serum of the general population in Wuhan

e G B 5 W BEKF/ (ng/mL)
(BhR/%)  FHME pif wAE  &®AME
PFOA 66 (98.51) 3.06 2.95 6.4 <LOD
PFHpA 55 (82.09) 0.03 0.02 0.11  <LOD
PFNA 67 (100.00)  0.79 0. 68 2,25  0.08
PFDA 66 (98.51) 0.53 0.42 1.69  <LOD
PFUdA 67 (100.00)  0.45 0.37 1.59  0.06
PFTDA 58 (86.56) 0. 05 0.03 0.14  <LOD
PFHxS 67 (100.00)  0.83 0.62 7.62  0.03
PFOS 67 (100.00)  5.86 417 23.11 0.24
PFASs — 11.60 9.26  31.79 1. 46

1 : PFTeDA #1 PFHxDA K #5 1 , PFHxA Hl PFDoA # H %53 %, Bk
i KT H 1 4t B (LOD ) BT, 84 o 76 26 10 81 14— 26 7% 1% TR
it
2.3 — B AL H PFASs iYW B
A5 b Y G BE 1

ARMIFGE 2R FH 22 0 2% 0105 I 3 4 B kb s LT —
BN IS T PFASs ¥ BE 5 4R 0% PR BMI Y 1K
VeGSR ILE 5. & PFHpA 1 PFTDA 4b, 55 P ifn 7%
HH A 6 Fl PFASs & i3 & Ttk AR A %t
HE X (P<0.05), B PFOA #il PFHpA 4, Hifth 6 Fif
PFASs & & f4EIS 2 IEAHOC, H2E R A Gl = X
(P<0.05), 8l PFASs &4t 5 BMI 5%,

%5 M AREILTE T PFASs A G 2 19 £ 0 44k

[ 95387 (n=67)

Table 5 Multiple linear regression analysis of PFASs related

K5 R

factors in serum of general population

L&y BmAEE B 95%CI Pt
) 0.708 (0.313,1.104) 0.001
PFOS S 0. 062 (0.042,0.081) 0. 000
BMI -0.017  (-0.082,0.047) 0. 601
50 0.518 (0.069,0.967) 0. 027
PFOA A 0.014 (-0.008,0.037) 0.224
BMI -0.039  (-0.113,0.034) 0.299
9 0.724 (0.388, 1.059) 0. 000
PFHxS A 0. 035 (0.019,0.052) 0. 000
BMI 0.019  (-0.036,0.074) 0. 505
53] 0. 684 (0.399,0.968) 0. 000
PFNA A 0.030 (0.016,0.045) 0. 000
BMI -0.022  (-0.068,0.025) 0. 365
51 0.580 (0.196,0.964) 0. 004
PFDA A 0.038 (0.019,0.058) 0. 000
BMI -0.007  (-0.070,0.056) 0. 827
9 0. 350 (0.013,0.686) 0. 046
PFUdA AR 0. 038 (0.021,0.055) 0. 000
BMI -0.025  (-0.080,0.030) 0.384
9 0.285 (-0.053,0.624) 0.103
PFT:DA AR 0. 037 (0.020,0.054) 0. 000
BMI -0.038  (-0.094,0.017) 0.181
P51 -0.051 (-0.407,0.305) 0.779
PFHpA AE Y 0.004  (-0.014,0.022) 0. 683
BMI 0.017  (-0.041,0.075) 0. 568

TE " X PRASs W EZHEAT T 1 SR B 4 4 9F 5 AT 1) 1k 590 408 D 20
AR AR AR AN BMI A1 g 2 2578 ik iy A 22 70 2k [l I Y

3 itig

FLAS A 58 55 H Al AF 5t o AR ot 3 o
PFASs ¥ B, 30 s I T — M B I %5 1 PFASs
BV BE AT, 5 2011 47 2RI T 35 38 7K F A
I T H A K Z B IT B9 45 R, g PFASs ) &
ZAG Y, DU — B A HE I h PFOA ¥R BE (2. 95
ng/mL) & TR (6.72 ng/mL) LT (7.79
ng/mL) VRIETT (6. 86 ng/mL)m 53 (3.13 ng/
mL) A1 38 B (3.6 ng/mL) B I 57 4% [13'14]3’@{2{;
PFOS ¥ ¥ (4.17 ng/mL) & FIEII T (2.07 ng/
mL) A& TP (15.5 ng/mL) K% (9. 77 ng/
mL) " AT 3 E (10.24 ng/mL) "R R
(25 ng/mL) " Y B SE A R (LR, ZHOU 1 &
P T 3 W vl MO N B (no=39) 1L YE T
PFOS (14 B 4 10 400 ng/mL, B i &5 T A BF 9% 45
TR RAZ A 5T S WO AHE, 8 B R AR i i
PFOS ¥ B 7K B fb e 158 A

ABFFEH, PFOS Hl PFOA 2 i I T — f A B
PFASs % 8 1Y E 2 TTBR 5 (45. 03% ,36.85%) , 11 )&
Kt (62.08%, 18.92%) . | ifF T (33.15%,
14.22%) F4%% (67.60% ,15.80%) &L (71.11%,
14.22% ) PFASs %) B3 FE R IR o 11 A% AR 2= b DX )
J& PFOS (63.15%) F1 PFUdA (10.72%) /5 5855,
PFOA {5 7.53%"" 16 B K [A] [ 5 0 i X %t 1%
4t PFASs A= 7= AV B 0 75 SR AN R) 3 B2 28 R R Al
NG

AW I R BT — M AHF IS H 6 F PFASs
(PFOS . PFOA ,PFHxS . PFNA . PFDA il PFUdA) &
MRS Z A M 2 R, R B M v
A& W VR B KT T ot whE g pFs T
T, R Z 805 M i PFASs e = T 2o
H [ A s ST R T O PR I I3 o PFASs (40
PFOS .PFOA PFHxS Fll PFHxA) i & & W ] 8 & T
e E A X B PR Y R PFOA AN
PFOS 7 %2 55 (v BE 0 5 3 it 48 5 /K 3R XY
REEm 2 WA AR PR EB T PFOS /1
BIRRAE , Hob B PROS K8, R B 58 4%
R EARM—8, RS A — B IR A
S B B4 - AL S TR v T B A I R I 2R
T PROS /K6 1 35 25 5 242 L IR 2019 4R HY
— I 5E H L E LTS Y PFOA Al PFOS /K7 G i 3
2% 51200 5 g PR ) PFHpA /K P #5w , T Zo Ve 1
PFHxS /K V-4, HoAth Ak & 9 76 M 51 2 8] G i 35 2%
S mTRES L MR E I A K
ﬂ’ﬁ%%%%ﬂaﬁ,ﬁﬁk%;ﬂl () 3 25 R 28
Wik — B,
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AW HBR PFOA F1 PFHpA 4,6 Fit PFASs 1
HAEREIEM K, PFASs B THRAEAHIT YY),
2Bl B R ZE AR P #5 R 33X I 18 B PFASs 5 4F %
EIEMSEH FERE, EERA I IR PFASs
(14 Vi BE 4 It 5 A 0% 338 Jin i 38, {2 PFASs I Fp 2R
g M A 22 5, HAL R BF s A 2 &3,
WA WFFE Y & I8 PENA . PFDA .PFUJA Wy ¥ ¥ 5
AR SR ARG, FHE A RS R B PFHXS \PFHpS |
PFOS .PFNA PFUdA [P ¥ B 5 4F i 52 1F 4H ¢, BT 4
A X A B 55 0 % B4 M il ¥ o PFOA | PFDA |
PFUnDA [ ¥ B 5 45 % 52 1F AH ¢, 3% =T B 48 A7
55120 % B PFOA . PFNA PFOS [ ¥k J¥ 5 4F i 2
IEAHX,

Ty AN, WA R RE E ) PFASs ¥R EEKOFE 5
BMI #H 3¢, BMI 8 AI% i A BE 4K 9 9 PFOS I PFNA
W K OF- 321K, BMI B & A BE 9 PFOA | PFDA |
PFUdA ¥R BEKF3AKSY WA 52 K & B BMI 5
PFASs Z [A] i AH G 1

Zi bR ®RBUT — AR ME 12 Ff PFASs
()1 X B KPR 11,60 ng/mL, 5 HARWT 5T H#
e B B K, PFOS Al PFOA 2 FE 2R Tk, K
PFHpA F1 PFTrDA 4b, HAl 6 Fl PFASs % & A2 76 1
M2 S, B PFOA 1 PFHpA 4b, Hifth 6 Fff PFASs ¥
JEWE & A G i s . R & B BMI 5 PFASs 2
[E] A AH DG Pk . A BIF 5 O 4 BT 1ED OF 5, HOREAS B2 A
R B R 4510 A R R B FEA A HESET I0IE

S &k
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