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Abstract  Organic pollutants are ubiquitous in the environment with varied physicochemical
properties. Prolonged exposure to various organic pollutants could pose potential health risks to
humans. Hair, as a non-invasive biomonitoring matrix, has the advantages of non-invasive sampling,
convenient transportation and storage, reflecting long-term exposure levels in the human body, and
providing comprehensive information on pollutant exposure. However, few studies have been
conducted to assess human exposure to multiple groups of organic pollutants in hair and to
comprehensively analyze their sources. In this study, hair samples were collected from 30 residents in
Guangzhou, and the levels of 64 organic pollutants were examined, including 10 phosphorus flame
retardants (PFRs), 13 bisphenols (BPs), 18 per- and poly-fluoroalkyl substances (PFASs), 14
phthalate esters (PAEs), and 9 alternative plasticizers (APs). The correlation among organic
pollutants and the possible sources and contribution of individual organic pollutants in hair of the
general population were preliminary explored. The results showed that various chemicals were
widely detected in the general population’s hair, indicating their ubiquitous in the environment, and
may pose a potential risk for the population exposure to these chemicals. Source analysis of multiple
organic pollutants in the hair of the general population was performed by the principal component
analysis model and positive matrix factorization model, which corroborated with each other, and the
results showed that the use of construction materials, plastic products, and personal care products
contributed relatively high to multiple organic pollutants in the hair of the general population,
suggesting that attention should be paid to the risk of exposure to organic pollutants in daily life.
Furthermore, significant differences in the levels of chemicals in hair were found among people in
different age and gender groups, generally showing a trend of higher levels in old-aged groups and
females compared to those in young-aged groups and males, which may be related to the living habits
of different populations, and the hydrophobic lipophilicity and adsorption capacity of individual
chemicals.

Keywords organic pollutants, hair, exposure characterization, exposure assessment, source

analysis.
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H T PR 38 38 OC T 5958 15 e ) 60 45 PR 58 N 43 T 44 (endocrine disrupting chemicals, EDCs)
5 ANMEF HLTE YL W) (persistent organic pollutants , POPs) . Fl47; A4 2 550 19 7 L8k FH 42 7 ( phosphorus
flame retardants, PFRs) /A& G BRI A 2 A0 i, LA 7= 5 A FH S0 AR 38, W B X A S {5 i hl
Mgt R AR, BUESF AR RN &5 L5 Y (per- and polyfluoroalkyl
substances, PFASs) & — 35 G WA DAL= i, PR BERRUE 1 C—F St DARE M 1, H B A 80wt %
PERETE | MK H BEIESE A R L 0 2645 ) (bisphenols, BPs), 14 X A(bisphenol A, BPA)
KA, RT3 2ok 5 0 A AR 1 TN 53 b R 496 T AR RN R BRI UL 4 2R — W R K (phthalate esters,
PAEs) Fl15 {28 ¥ 4k 57 (alternative plasticizers, APs) F A3t i fiff FH 038 $8 5], X 5 & 0+ MBS AR 1L
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FHT M ARG L ek TR B ke . K E A AP AR H R L, TR AR AR
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7 R X6 B A R R A T AR, R EURAE R AR A SR a3 AT IR, DN AT B % T L . T A A
T3 (positive matrix factorization, PMF ) #4) 3 Hi A i 0 B4 I 38 3 i /N — 3 vk ff o 32 B2 1 R U )
TTHRARCSL SR, B AT AR K 2 e B — A WIS P s B LA LTS G, Xt 2R/ a LTS e i 4 7
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A [ 4 1 AR Sk v A AL TS G W e B2 1 52 ), 8 FH Spearman #K AH 5G40 #fr . PCA A Bl PMF 45
Y, R N ARG LTS e e 85 7KV Z [ A DGV, Ik — 2038 s 8 Bk 2 i A LS 2y
AR TR B BTk R, 2 f 0 ) A Sk & A AL Y ) TS ok IR, W GTAE R v o AR
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1 #MRLE5 7 (Materials and methods)

1.1 XA S5k

{X#%: AB SCIEX API 6500 — T PU AT Fi 4% (AB SCIEX, 3 [H); Agilent 1260 JAH (4 1%4%; S AH
i - = T PUM AT 53 BX BT 4% (gas chromatography-tandem mass spectrometry, GC-MS/MS) ; DB-SHT E 41 %
F£ (15 m x 0.25 mm, 0.10 um) , DB-5MS B 4145 (30 m x 0.25 mm, 0.25 pm) (ZHE{E, F2H ) ; Kinetex
Biphenyl 100 A {44} (2.1 mmx100 mm, 2.6 um) ( Phenomenex, 3& [# ) ; 7K ¥ 5 R0 20 BT A 28 il 38, |
1) s AL (Organomation, 35 [H ) ; i e 1% #% (Scientific Industries, & [ ) ; ¥ 1% T4 4L (SP Scientific, &
[ )5 ¥ R IR A BRI MM400(RETSCH, 7% [ ) ; DL 6000B % 34 25 .0 AL (RIS B AL 2548 BR 2 7], o
)s AT KA (L= AR, L) s KQ-500DE RUBCHES R 75 I 15 v # (B 1L i 4 75 AU AR A R D,
HE ) Milli-Q #2l7K 2 Gt (Merck, fE[E ).

7 10 mL A1 15 mL %55 58 o 2504 (H AT, H A ; B 720 4 (WitegLabortechnik GmbH,
B PR gl (A AR, P ED; 1.5 mL Af @ FERRR (B LS iR H, i) . ok ol F iz
(MeOH) . 74t (1SO) . 1IEC HE(HEX) . &M L (DCM) . L (ACN) . TR L 1is (EtAC) F N B
(ACE); 714t 30% i AL A (H,0,), ik 18(C18), LKL M (NaySO,) M H _F &g S ik ().
1.2 RdEsh

PFRs. BPs, PFASs. PAEs. APs HArfb& WHnifEdh (299% LA )3 A 56 [F AccuStandard 23 75 H
PG W B EEAAE B SAER T SR A0S B LR 1.

R 1 HEEEY L NbRERES (R

Table 1 The information on target chemicals and internal standards

S & P& (LS CASZ VN oy
Full name in Chinese Full name in English Abbreviation CAS No.  Molecular formula  Molecular weight
AHBEPHARF] (Phosphorus flame retardants, PFRs)

IR =2 Triphenyl phosphate TPHP 115-86-6 CigH;5s04P 326

WhERR = H 2R PG Tricresyl phosphate TCP 1330-78-5 C,,H,,0,P 1105

Wil = HR Triethyl phosphate TEP 78-40-0 Ce¢H,s0,4P 182

TEIR =T 1 Tributyl phosphate TNBP 126-73-8 Cy,H,;0,4P 266

BERR = (2- TR &3 g Tris(2-butoxyethyl) phosphate TBOEP 78-51-3 C,gH300,P 398
Wiz = (2-2 30 5 ) g Tris-(2-ethylhexyl) phosphate TEHP 78-42-2 CyyHs 0,4P 435

2-C B T ORI 2-ethylhexyl diphenyl phosphate ~ EHDPP 1241-94-7 C,oH,70,4P 362
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AR YA fATRR CAS% 713 Vi
Full name in Chinese Full name in English Abbreviation CAS No.  Molecular formula  Molecular weight
WR = (2-5 235 ) ik Tris(2-chloroethyl) phosphate TCEP 115-96-8 CeH,,CL,0,P 285
= (2-GTN ) WEmR T Tris(2-chloropropyl) phosphate TCPP 6145-73-9 CyH,4Cl;0,P 328
= (13-4 -2- L) B Tris(1 ’3'2;;:;’}:;5"’ ropyD) TDCIPP  13674-87-8  CoH,sCli0,P 431
25 4tE % (Per- and polyfluoroalkyl substances, PFASs)
LRIIR Perfluoropentanoic acid PFPeA 2706-90-3 C5HF,0, 264
RO Perfluorohexanoic acid PFHxA 307-24-4 C¢HF{,0, 314
TR Perfluoroheptanoic acid PFHpA 375-85-9 C,HF;0, 364
ERETR Pentadecafluorooctanoic acid PFOA 335-67-1 CgHF 50, 414
TR Perfluorononanoic acid PFNA 375-95-1 CoHF ;,0, 464
TR Perfluorodecanoic acid PFDA 335-76-2 CoHF40, 514
25T —hiR Perfluoroundecanoic acid PFUdJA 2058-94-8 C,,HF,,0, 564
00 T i G 17y Perfluorododecanoic acid PFDoA 307-55-1 C,HF»;0, 614
ARt = kiR Perfluorotridecanoic acid PFTIDA  72629-94-8 C3HF 50, 664
AT Db Perfluorotetradecanoic acid PFTeDA 376-06-7 C4HF,,0, 714
DI Perfluorohexadecanoic acid PFHXDA  67905-19-5 C/HF3,0, 814
AF LR Perfluorooctadecanoic acid PFODA 16517-11-6 CgHF350, 914
AT Rk R e Potassium Nonafluoro-1- PEBS 29420-49-3 C,FoKO;S 338
butanesulfonate
AP 1-CERA R Sodium Perfluoro-1- PFHxS  82382-12-5  C¢F|3NaOsS 422
hexanesulfonate
LR 1SR BTN Sodium Heptadecafluoro-1- PFOS  4021-47-0 CgF|;Na0;S 522
octanesulfonate
IR-1-ZS B R N Sodium Perfluorodecanesulfonate PFDS 2806-15-7 CyoF,NaO5S 622
EFRPERE IR LR Perfluoroheptane sulfonic acid PFHpS 375-92-8 C,HF 5058 450
TR Perfluorooctane sulfonamide PFOSA 754-91-6 CsH,F7NO,S 499
WEALA %) (Bisphenols, BPs)
WA Bisphenol A BPA 80-05-7 Ci5H60, 228
B Bisphenol B BPB 77-40-7 Ci6Hi50, 242
WHE Bisphenol E BPE 2081-08-5 Ci4H140, 214
R Bisphenol F BPF 620-92-8 C3H;,0, 200
AP Bisphenol P BPP 2167-51-3 CayHp60, 347
XS Bisphenol S BPS 80-09-1 CoH;g048 250
WEHZ Bisphenol Z BPZ 843-55-0 Ci3Ha00, 268
XL AF Bisphenol AF BPAF 1478-61-1 Ci5HoF60, 336
LI AP Bisphenol AP BPAP 1571-75-1 CyoH 30, 290
W BP Bisphenol BP BPBP 1844-01-5 C,5H,00, 352
X C Bisphenol C BPC 79-97-0 Cy7Hy0, 256
XM Bisphenol M BPM 13595-25-0 Cy4Hy60, 347
WG Bisphenol G BPG 127-54-8 CyHy50, 312
4B — FHE3KE (Phthalate esters, PAEs)
LR R — W Mg Dimethyl phthalate DMP* 131-11-3 CioH 004 194
AR IR T Diethyl phthalate DEP* 84-66-2 C,H 404 222
SR R R TR Di-iso-butyl phthalate DIBP* 84-69-5 C6Hx0, 278
ARR IR T Mg Di-N-butyl phthalate DNBP/DBP  84-74-2 CiHp04 278
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LI & B fRTAR CASS s F i

Full name in Chinese Full name in English Abbreviation CAS No.  Molecular formula  Molecular weight
AR R 2 Bis(2-methoxyethyl) phthalate DMEI:BMO 117-82-8 C14H,405 282
SRR R —-4-F -2 HEfE  Bis(4-methyl-2-pentyl) phthalate DMPP/BMPP  84-63-9 CyoH304 334
LRI R -2- A FE LI Bis(2-ethoxyethyl) phthalate ~ DEEP/BEEP  605-54-9 C6H,,04 310
AR H R R Dipentyl phthalate DPeP/DPP  131-18-0 C1gH2604 306
AR HIR .ClR Di-n-hexyl phthalate DnHP/DHP  84-75-3 CaoH3004 334
AR TR R Butyl benzyl phthalate BBzP/BBP  85-68-7 C1oH200,4 312
AW —(2-T4A )2 Bis(2-n-butoxyethyl)phthalate DBEP/BBEP  117-83-9 CaoH3005 366
SRR R —(2-2.%) C TR Bis(2-ethylhexyl) phthalate DEHP* 117-81-7 C,4H350, 390
A4 HH R — 2R Diphentyl phthalate DPhP 84-62-8 CoH1404 318
PR R IEE R Di-n-octyl phthalate DnOP/DOP  117-84-0 C,,H350, 391

BRI IEFH] (Alternative plasticizers, APs)
C R =5 Tl Di-iso-butyl adipate DIBA 141-04-8 C14H560, 258
TR R Dibutyl sebacate DBS 109-43-3 C13H3,04 315
AT REIR = T i Acetyl tributyl citrate ATBC 77-90-7 CyoH3405 403
T 5ERR Bis-(2-cethylhexyl) adipate DEHA 103-23-1 C,,H 40, 371
T EEFr R = 1E C e Butyryl trihexyl citrate BTHC  82469-79-2 CygHsOg 515
X W R g Bis-(2-ethylhexyl) Terephthalate DEHT 6422-86-2 Cy4H3504 391
R "HER . (2-INAEBESL) B Di-(2-propyl heptyl) Phthalate DPHP 53306-54-0 CpsHys0y 447
AR =R =1 C R Tri-n-hexyl trimellitate THTM 1528-49-0 Cy7H,04 463
WP =R =1k Tris (2-ethylhexyl) trimetallite TOTM  3319-31-1 C33Hs406 547
P&
dys-B R =R g d;s-Triphenyl phosphate d;s-TPHP  1173020-30-8 CyD;5s04P 341
dp-= (-5 2358 W R g d;,-Tris(2-chloroethyl) phosphate  d,,-TCEP 1276500-47-0  C¢H,,C;30,P 285
dyg- = 2-FARHL) AR TR d;g-Tris(2-chloropropyl) phosphate d,-TCIPP 1447569-78-9  CoH;5C30,P 328
=1 3 g 5T 1’133;]‘3:5‘:;1}1‘;2'2'pr°p 4, TDCIPP 1447569778 Col,sCigOsP 446
d- S8R HR TR d,-Di-N-butyl phthalate d,-DNBP  93952-11-5 Ci6H,0,4 282
d-SBRHR—(2-23)CUliE dg-Bis(2-ethylhexyl)phthalate  d,-DEHP  93951-87-2 C,4H350, 395
BC - "C,-Pentadecafluorooctanoic acid  MPFOA 335-67-1 CgHF 150, 414
BC - IR R 3C,-Perfluorooctane sulphonate ~ MPFOS 1763-23-1 CgHF ;055 500
dye- WA d-Bisphenol A d;¢-BPA  96210-87-6 CysH,40, 244
BC,- WS 13C,,-Bisphenol S PCi-BPS  1991267-29-8  “C,H 0048 262
BC - W AF 13C,,-Bisphenol AF BC,-BPAF 2411504-31-7 “C1,C3H,(F¢0, 348
BRI Y
Ao WEMR =T e dy-Tributyl phosphate dy”TNBP  61196-26-7  Cj,H;sDyO,P 275
d-4F2R R R ik d,-Dibenzyl phthalate d;-DBzP  1015854-62-2 C,,H, 50, 350
1.3 FEACREE

2022 4E 12 A, TIN5 30 44 R A Sk R b AT ad gy | %ALFIEE/JMJE% I T 7 e Sk B A SR AR

SkRRES, BRI RES>3 g Sk A RES A DCM K HEX 35 Ve i AN 580 55 7]
BT
VRN G N

JIE R /A K | TRV B

o IR B AR B L A N R AR B (K
AL S AT B 24 A A

FSLAR TR, R T RG89 A T AR Lﬁlﬂ%ﬂ&%,u\ﬁﬁﬂﬁ%ﬁi

AR, B A SR
FAE, (LT AR
VR K L vk R

A AR A 1 PRI R A IS T A B A AR H A
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1.4 FESATALEE

Sk KA R H AR A W10 43 B A A B A5 S R i T ST 0 ik 0, R AN R s Sk R RE R
A Milli-Q 7K, B T 40°C #E IR ¥iR% 1 h, WG VM, 2 B3R 10 M & i75 38, W UR TR IS, B0 ik
AR FREL0.1 g 3k RFES T FE .04, A 200 uL EtAC K 20 uLBPs. PFRs, PFASs, PAEs. APs [
[6] 17 % P b5 IR & W (d,¢-BPA. °C,,-BPS. "C,,-BPAF, 500 ng'mL"'; d;s-TPHP. d,,-TCEP. d,s-TCIPP .
d;s-TDCIPP, MPFOA ., MPFOS, 1000 ng'-mL"'; d,-DNBP. d,-DEHP, 5000 ng-mL™"), il XU fift ‘& 1t 7%,
A$EHUA 7 HEX. ACE, ACN } EtAC, b i fie, i . &0, W4a . @b s, 7R A A S Tk —2
Wedn, Z¥ T 200 L MeOH, —20°C T & [ ¥ VR UTIE I , B b W = AR, £F LC-MS/MS 43 Bt
PFRs. BPs Fll PFASs; HU 50 pL & 25 )5 RO FE i T HEREfR P, AR Z 38T, A 50 mL ISO % %%, —20°C &
715 GC-MS/MS 43 #f PAEs fil APs.
1.5 Ao

PAEs #1 APs 5 1 /0 1% F GC-MS/MS; B 115 A Hi, 7 %% i J& (electron impact ion source, EI), £ &
Sz Wi Wi i ( multiple reaction monitoring, MRM) # X ; ffi Hi DB-5MS & 41 4 (@ 3% £ ( 30 mx0.25 mm,
0.25 um) 73 55 BAr &4 THEFERF J: WA IRE 90°C, LA 15°C -min™ FHELZ 310°C, {545 5 min, 757 2E
R Smin. R AW SERE, FEAEE SN LpL. B L 3C-min! THE & 240°C, £ 5F 1 min; i J5 LA
15°C min " FH % 300°C.

% H AB SCIEX QTRAP 6500 LC-MS/MS £ 4t %} PFRs. PFASs. BPs HE47 23 bt , 24727 ] i 5% 25 L, 5
75 (electrospray ionization, ESI) &z MRM #2=X, 43 5l i F 5,3%% 4 KinetexBipheny 100A(2.1 mmx=100 mm,
2.6 um) , Poroshell 120 EC-C18(4.6 mmx 100 mm, 2.7 um) #4743 2. PFRs: i 21404 0.01 moL-L™ f 2
MR B 75 W (A) A1 MeOH(B) , S PEBET [H] 20 min, i 4 250 pL-min', #EFE 5D S uL, AR 40°C. 6 B PR
FEF 4 : 0—0.1 min, 35%B; 0.1—9 min, 35%—95%B; 9—13 min, 95%—100%B; 14 min, 100%B; 14—
5 min, 100%—35% B; 15—20 min, 35% B. PFASs. BPs: i g4~ 0.01 moL-L™" i Z 2 & i W (A) Fll
ACN(B), s ¥ i i 18] 18 min, i3 7 300 pL-min™', #EFEHE 5 pl, AU 50°C. B6 B Ve i F2 6l 0—
1 min, 20%B; 1—8 min, 20%—100%B; 8 —12.5 min, 100% B; 12.5—13 min, 100% —20%B; 13 —
18 min, 20%B. fb.-& Y iS5 B 1 WL IR ST ZH A T 6 S 19 7 vk B
1.6 B 5k

i R 23 L AR R 258 S5 R s bR 5 B R A 7 B e 4 o 6 T i e o B 20 AR AR T AR
HEVS TR, X FALER i s il A5 10 AMFR S AR T 28 1, DAPPAR VAL (05 G2 8 Sk A b v I 28] 1) H
P BT 0T B L AR P 25 1, % BAME SR T 6 > sl RCIE i b 47 € &, prifih
£k a1 9 5 R AH DG 2R 8 1>0.995. I AR 55 5 (n=6) (-2 TR Y5 BB A 70.9%—125%, 18 A 56 i
(n=6) H9~F- 35 IS R 74.4%—114%, FHXFFR 10 2% (relative standard deviation, RSD)<15%. %
FR(LOQ) & SN FRIT 25 [ 1 -S4 36 AR 17 25 FURE i rhoksz ) 380 1) 3 b o A s o s 22 1) 3 A%, X T
TP 25 EARE A R AR RN 2 A 23 B0, LOQ 78 XN 10(S/N = 10) {5 M LY. 26 2 848 TSI LOQ.

R 2 RRRER LA PIRIRE T2 (%) Ak L B (ng-g ™)

Table 2 Detection frequency (%) and concentration range (ng-g™') of compounds in hair samples

BN (n=30) B (n=13) L (n=17)

&Y el K /% Total Male Female PlH

Compounds LOQ Detection frequency Ju i bR hE I LRIIED P value
Range Median Range Median Range Median

TCEP 4.23 80.0 ND—49.6 7.57 ND—18.0 10.2 ND—49.6 6.34 0.341
TCPP 242 100 3.32—1209 36.2 3.32—426 17.6 10.3—1209 422 0.017
TDCIPP 9.44 80.0 ND—247 28.6 ND—149 57.8 ND—246 17.2 0.094
TPHP 0.81 100 3.94—74.2 242 9.83—74.2 14.0 3.94—71.3 39.8 0.028

TCP 0.001 100 0.43—10.6 1.96 0.46—7.55 1.17 0.43—10.6 3.90 0.012
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ik 2
SAFE(=30) B (n=13) Lt (n=17)
wEY EER K 2% /% Total Male Female Pl
Compounds LOQ  Detection frequency FieRis| e bR B FieniEl FPE P value
Range Median Range Median Range Median
EHDPP 2.07 90.0 ND—300 15.7 ND—44.3 14.4 ND—300 18.9 0.483
TBOEP 0.10 100 0.69—376 5.79 0.69—6.42 5.11 1.48—376 10.1 0.006
TEHP 2.90 93.3 ND—189 43.6 11.4—91.4 42.0 ND—189 452 0.457
TEP 0.48 73.3 ND—7.80 2.81 ND—4.79 2.14 ND—7.80 3.21 0.229
TNBP 8.13 60.0 ND—26.3 10.9 ND—22.6 15.3 ND—26.3 ND 0.086
> 10PFRs — 100 64.5—1794 204 76.0—580 195 64.4—1794 282 0.341
BPE 0.001 10.0 ND—3.07 ND ND ND ND—3.07 ND 0.432
BPF 5.94 83.3 ND—I154 23.0 ND—154 11.0 8.02—128 32.7 0.025
BPP 0.01 333 ND—2905 ND ND ND ND—2905 2.75 0.005
BPS 0.15 100 0.60—229 10.3 0.60—20.0 3.40 1.02—229 11.8 0.035
BPAF 6.07 60.0 ND—31 8.13 ND—317 18.7 ND—185 ND 0.017
BPAP 0.01 90.0 ND—37.5 7.64 ND—31.1 7.15 0.57—37.5 14.6 0.281
BPBP 0.03 100 8.10—324 117 8.10—268 89.1 19.8—324 147 0.183
BPM 0.01 26.7 ND—54.6 ND ND—54.6 ND ND—19.1 ND 0.509
BPG 0.001 100 11.1—12.9 11.6 11.2—12.3 11.5 11.1—12.9 11.7 0.229
>9BPs — 100 81.9—3469 234 109—429 167 81.9—3469 250 0.072
PFPeA 1.02 80.0 ND—28.1 6.45 ND—I11.7 3.08 ND—28.1 10.3 0.010
PFHxA 0.70 100 7.11—365 90.0 10.0—283 63.8 7.11—365 100 0.281
PFHpA 1.07 100 2.54—17.1 9.19 3.05—12.7 6.72 2.54—17.1 12.3 0.009
PFOA 1.92 100 7.56—520 83.5 7.56—146 53.0 16.3—520 167 0.001
PFNA 0.66 83.3 ND—27.7 4.75 ND—6.26 1.29 ND—27.7 8.25 <0.001
PFDA 0.73 66.7 ND—2.78 1.03 ND—2.57 ND ND—2.78 1.10 0.133
PFUdA 0.02 100 2.48—30.7 7.03 2.48—30.7 9.08 4.64—11.1 7.01 0.563
PFTrDA 0.41 30.0 ND—1.30 ND ND—0.45 ND ND—1.30 ND 0.053
PFTeDA  0.01 100 5.44—11.1 7.29 5.44—9.97 5.94 6.17—11.1 7.79 0.001
PFHxDA  0.06 100 58.1—556 132 58.1—163 94.3 62.6—556 196 <0.001
PFBS 0.03 46.7 ND—78.6 ND ND—78.6 4.09 ND—13.6 ND 0.031
PFHxS 0.01 100 315—2803 921 341—2462 804 315—2804 1294 0.157
PFOS 0.03 100 13.2—416 62.3 13.2—179 44.2 17.4—416 78.5 0.680
PFDS 0.03 6.67 ND—69.1 ND ND—29.1 ND ND—69.1 ND 0.967
PFHpS 0.03 90.0 ND—128 8.30 ND—27.4 6.39 0.96—128 15.1 0.020
>1sPFASs  — 100 648—3769 1531 648—2979 1175 748—3769 1743 0.014
DMP 7.52 90.0 ND—359 94.0 ND—308 91.2 12.0—359 102 0.341
DEP 3.72 100 16.3—1235 247 16.3—1235 130 40.5—601 293 0.457
DIBP 375 100 330—5982 1824 395—2808 1510 330—5982 2440 0.004
DNBP 63.9 100 1586—21665 6556 1586—13153 5174 3664—21665 8354 0.003
BMOP 0.10 83.3 ND—150 58.2 ND—127 50.3 ND—150 68.3 0.592
BMPP 0.10 40.0 ND—955 ND ND—955 2.97 ND—25.7 ND 0.198
BEEP 1.02 100 8.97—113 45.1 13.0—113 30.2 8.97—111 61.2 0.022
DPP 0.01 100 6.64—62.8 27.8 6.64—43.2 21.6 7.95—62.8 28.7 0.711
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BAFE(n=30) BHEn=13) L (n=17)
&Y R e /% Total Male Female PfH
Compounds LOQ  Detection frequency Ju i JuHE R YU PE P value
Range Median Range Median Range Median

DHP 0.03 6.67 ND—11.3 ND ND ND ND—11.3 ND 0.592
BBP 0.30 86.7 ND—58.3 9.73 1.61—52.6 5.77 ND—58.3 14.4 0.680
BBEP 0.02 50.0 ND—147 7.57 ND—147 24.7 ND—88.7 ND 0.457
DEHP 77.5 100 1020—75100 14264 1020—75100 11992 1516—40414 15445 0.281
DPHP 0.02 30.0 ND—0.85 ND ND—0.68 ND ND—0.85 ND 0.281
DOP 0.48 100 181—7027 1631 181—3558 1292 308—7027 3073 0.012
> 14PAEs — 100 4695—96072 26307 4695—96072 17851 5909—67335 34786 0.048
DIBA 0.25 93.3 ND—93.9 7.88 ND—49.7 6.90 ND—93.9 10.3 0.621
DBS 0.02 100 1.76—66.3 344 2.12—48.1 34.0 1.76—66.3 34.8 0.385
ATBC 2.18 100 2.51—576 125 28.1—576 72.3 2.51—433 159 0.094
DEHA 9.27 100 44.5—4741 540 139—1747 325. 44.5—4741 885 0.072
BTHC 0.01 56.7 ND—840 85.4 ND—262 ND ND—839 142 0.004
DEHT 5.52 100 406—24104 6055 529—12223 4396 406—24104 10122 0.028
DPHP 2.57 90.0 ND—6617 2946 121—6617 2870 ND—6324 2988 0.805
THTM 0.02 90.0 ND—36.6 15.1 ND—37.0 16.3 1.63—32.5 13.0 0.934
TOTM 0.79 100 16.1—5355 157 23.7—1036 151 16.1—5355 212 0.320
Y oAPs — 100 690—29920 11359 1015—19408 7093 690—29920 16460 0.020

7: ND, Not Detected, A4 (<LOQ).

1.7 Seitorth

{4 A} Origin 2022( Origin Lab, 2022)fE &l . SPSS 26 for Windows %% f4: (SPSS, Inc. USA) #4745 34>
B, 2R R T 30 % B Kz A A 2572 it At 1 50 % AN ) 1 3] R A 08 2 A v %) 93 A 25 S 8047 0
& Hl Mann-Whitney U 5 5 1 Kruskal-Wallis Fk FUAS 365 43 51 X AS [543 FIUAS [R) 47 38 21 3k & Hh A & Wik
JE Y 22 S AT W B ARG G, 45 FH Spearman FRAH G 43T . PCA A A | PMF #5784 25 474k & W vk B 4 41
Ko, IRk R A LTS Ge B Pl RERIR. Geit22AUikE 5 P< 0.05 B, 2 5 HAT G222 .

2 ZEER T8 (Results and Discussion)

2.1 Sk BTG YW Uk B K SF RN BRRAE

NBESL K AEAS T PFRs, BPs, PFASs, PAEs, APs AUkt Ak B UL 36 2. 64 Fh Hbrtb &9 47 57 Fil
¥, £5 45 10 fl PFRs, 9 fl BPs, 15 Fff PFASs. 14 fll PAEs. 9 fl APs; ifi BPA, BPB. BPZ. BPC,
PFDoA . PFOSA TE It A Sk e FE i th R A

PFRs [ 4 H #44>80%, Y PFRs ¥ & 4 64.4—1793 ng-g ', HFEW EE N 204 ng-g ', 1K T 26 H (Pl
1530 ng-g™', ¥ [l 210—10800 ng-g )™, L FIBF (FH{H 1712 ng g™, JuHl 2—5032 ng-g™) ™ #H i (T {H
310 ng'g ', J [l 1—3744 ng-g) 9 SFE K ARERI AT, WAR T P B R0 3 f F B3R i T AHE XA
#Ek & v PFRs fO¥E EE (R 816 ng-g ™, T Rl 162—3220 ng-g ') ®; WA 5T XF 42 X PFRs (1) 4% (K 5% 57
TRt R IXURS: A T BTG, T R85 0 2% R il A 0 19 PFRs 77 i A G, Sk & HEZAS v PFRs (1% 20 BURFAIE
wE 1 Fr s, & A8 PFRs( TCEP, TCPP, TDCIPP) i I & i (44.5%) , H v TCPP, TDCIPP j& £ Z iy
PFRs, 5 Z B 78 HP 93k & PFR 4 R A AN [A]P9. f 1 PFRs (89 5 FHY BT, AS TR) b XA [R) A B 19 FH i
WA AR, a0 TCPP & FH F 2kl 5 & 27 815 5, TDCIPP # FAEM NG . ZLIE . iR A ds n e, ix
A BB AR P B9 AN [A] PFRs 882,
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(a) PFRs (b) BPs (c) PFASs
TNBP 2.7% \ BPG 5.9% .
TEP 1.2% NCEP 4.5% BPM 1.1% BPF 15.2% PFOS 5.7% PFHXA8.5%

BPP 6.7
TEHP 22.7%“@1: 2 1% " PE61% v ’PFOA 7%
BPS 7.3%
| ( PFHXDA 10.9%
TBOEP 5.6%
PFHXS 63.3%

b
EHDPP 8.4% TDCIPP 5 ppp 49.6%

18.7%
TCP 1.3% TPHP 12.8% o BPAP 4%

d) PAE AP
(@ DSOP7 1o DEP12% (APS 4.0, ATBC 1.7%
% DIBP 8.9% DEHA7.8%

" DPHP 24.7% " __BTHC 1.9%
DNBP 30.6%
DEHP 50.;~ ~

DEHT 59.1%
B 1 Sk’& " PFRs. BPs, PFASs. PAEs. APs ({41 liAF#1F (n=30)
Fig.1 Composition profiles of PFRs, BPs, PFASs, PAEs, and APs in hair(n=30)

BPs 1, Bk BPE, BPP, BPM 4 HH 28K (4351 R 10%., 33.3% Fll 26.7%) 4, Hoax b & Wik th 5
¥1>60%, H: " BPS. BPBP. BPG [ it} % 34y 100%. YoBPs B ¥ J& Jy 102 — 3499 ng-g', H1 {H
234 ng-g!, Hivh BPBP J& EE A9k L&, 5 49.6%. H AT &T A% b BPs BB o8 Z %4 T BPA,
/D WF R A Sk & 9 BPS, BPF. ARHF5T o BPA 2 BPS HJ¥ & (FP{E ND, F{E 10.3 ng-g ") YK T
22 (H(H 177 ng-g "\ H1H 98.7 ngg )P B (H{H 69.9 ng-g!, H1H 3.5 ng-g") B, A (P E
46.6 ng-g 7Pl 31.9 ng-g ) FHAREE (FE 133.6 ng g, HE 32.81 ng-g ") U0 K B E K A9 A K-
2018 4, B BB 1T ik HLak — 25 B o £ & 322 fl A4 ) b BPA (R, JF 28 1k 7 B LW . AR 7 b il
BPAUY, SECH AT 5 A4 68 8 in; Horb BPS Al BPF J2 e 3 3 1 FH 9 BPA B30T, HA KRR 57K
il 22 3 B HG n 3R E Y T BPA A BRI R A T AR A8 & BPA (224 LGRS, B % BPA 1)
ZAEE IR, BPS. BPF, BPAF 45 ZFf BPs iZ i 18 BPA HIF Tolk Az =il ik, F=mHpaf -,

PFASs #', PFHXA. PFHpA, PFOA, PFUdA, PFTeDA. PFHxDA. PFHxS. PFOS fif] & i 3 ¥ ik
100%, HAB AL S P K 6.67%—83.3%. Y sPFASs Ft ¥ B2 i o~ 647—3768 ng-g™', HEHE N
1530 ng-g!, H: ' PFHXS, PFXxDA, PFHXA., PFOA, PFOS J& & Z 4 b &9, 43 5 i kb 63.3%. 11%.
8.5%. 6.9%. 5.7%. H:r1, PFHXA . PFOA . PFOS FJHEZK (90 | 83.5 . 62.3 ng-g™") /& FENEEMT | B A
PEREAET R, AIRES M b DX R A A 30 ST A A7 IR0 DA AR B R = i (R B A L,

> 14PAEs B ¥ B2 L [y 4695—96072 ng-g ', " {H &y 1631 ng-g”', H " DEP. DIBP, DNBP. BEEP,
DPP. DEHP. DOP 7EJIi f5 3k K KL 5 th 245 46 . DEHP Z A58 th oG 0 f 8 A& 0 (15 1 50.3%),
Y DEHP 76 ) M i X % P R A2 i i R B AE AR 201 A — 3%, TS DEHP 7E K02 FH i . e, T
M i 3 25 7 TR T2 0 A O YoAPs 1Y Mk BE L O 690—29920 ngrg !, H{E S 11359 ngrg!, BR
BTHC MK H AL (56.7%) 46, A& Wik 35 1E 90% LA b, 322k 4k &9 DEHT /£ &
AR R E BB ) 2 —, 5 ik 59.1%, 5 Cleys %509, FHAZ A2 552050 1338 i BIF 5% 45 S AH —
2 BLAh, CAT S0 e R B3k & vh & 88 DEHT (5 3£ S U0z, B B T3k & b APs B 5% 18 HH X 45
b SR, ARWF5E H DEHP, DEHT B8 55 M A A9 Hi3E 25 500 2Lt T840 50 ) 75
SRELHFER, PAEs 15 2 N T H AR = R AR 1E i (HBEE APs AF 8 A A = R FH 2 A 38 X
NEAiE S RS S SR
2.2 kR EZFA IR

AW ST 2% A HLI5 YL B9 L YE B 32 . TCPP, TDCIPP, TPHP 3= % 3k i T 58 & Bk i 7K,
TCPP, TDCIPP F= L VR YA R}, bk 8 v () 78 1 700 A ¥ 55, TPHP )32 W FH TR0 /R 2% . F 4R 56
U A, AR AR T R 7 6% 1 T R0 RN BEER R . TEHP D) 2 3R S £ 45 (polyvinyl chloride, PVC) |
it T 2T 4 25 v B B A PFRs 22— P72 59 445 BPA (95 4C 4, BPS Hil BPF % FH T3 RF . HA 48 )z
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A NP ELP= S, BPS 38 0] R A Sk Vs FUZORE S ], BPAF T3z FF Tolk [E 4k 57" 4, PFOA |

PFHxS H T2 RE, & S a2k k), Wyms . i k0%, PFHxS 38 F Ry 2 1 i P 700 s i 21 A =

TR | At i A e iR o) PRHXA 5 FH T 2NE FUHbEE /) B i A 55 7K 55057, PAEs |1z W FH T 8506

B A AT BSR4, o DEHP EZH T PVC 725 . B 20 H b fn B2 7 F

FhBE 1 DNBP 1 DIBP 3= 220 FHFAS A3 B . IR REFIZE S50, DIBP T H 7= i A e HL A5 9%

Fh 0 DOP 3 A FAE Ak & A2 77 5RO, DEHA . DEHT. DPHP. TOTM )™ JVE & 20 1 1 Bk ) 184 91

) DEHA FH T8 2 il B RS i 77 5, % 5 DOP. DNBP B4 1, DPHP. TOTM FH 71 /5 &
PR, WF A F 2k, DPHP o] T35 U235, DEHT 8 5 80R B E | L33 B 5L a9l A S0,

%f sk & &K S G HHES BT PU RS fES 4 (PFRs: TEHP 22.3%. TCPP 21.7%. TDCIPP 18.4%.

TPHP 12.6%; BPs: BPBP 49.6%. BPF 15.2%. BPAF 10.0%. BPS 7.50%; PFASs: PFHxS 63.3%. PFHxDA

10.9%. PFHxA 8.45%. PFOA 6.96%; PAEs: DEHP 50.3%. DNBP 30.6%. DIBP 8.89%. DOP 7.69%; APs:

DEHT 59.1%. DPHP 24.5%. DEHA 7.79%. TOTM 4.22%) #£ 47 Spearman # #H 5¢ 43 #1 (& 2) #1 PCA 43

Mr (B 3), 3T ARESL B 2R A P75 Je W ng nl e V. Wnid 3 Ffzs, 18 i 4 56 2 %0 (Kaiser-Meyer-

Olkin, KMO)=0.612(>0.5), Batlet<0.05, R #&FAEE>2 19 5], Feg2 e 17 3 A~ Fplis3r (PC1—PC3). i

NBESL R ZF A HLIE G0 3 A R X B 2200 BT 5TRk R R 61.0%. PCLf#RE T 36.8% AT

2%, Hirp DNBP. DIBP. DOP. DEHT. DEHP. TOTM. DEHA . PFOA . TCPP., PFHxDA . TPHP [ Z&fif ik

F] 0.600 LA I, 1 HAHH. 2 [8] 775 i 2 09 1IEAH 26 56 £ (7=0.264—0.960, P<0.01); 25165900 i F %N

T2, JCAR I B S A R TR, AR S ORI T R E SRR L 540 A AP B TR R

DA B, i 88 OB PC2 fit e T R 221 13.0%, H:H BPF(0.713) #1 BPS(0.650) (1) K F 2 58 K, 1%

45 . 55 Spearman Bk AH &40 Hr 45 S — 2, 2 W] BPF Ml BPS i 3 4H ¢ (1=0.389, P<0.01); 454 Wi 19 H

B, NN PC2 R TR TT BE /2 M8 R . & Wb L 2% KA AP B 7= & PC3 1 T 22 51k 2 4 11.2%, DPHP,

DEHT. DEHP 19 %% fif 23 51l & 0.556. 0.4308 F1 0.405, H =& 2 [a] f£ 45 B & 19 A0 56 #E (7=0.350—0.785,

P<0.01), H. FZRIETF T B, PVC 7= LB S A 2 bR
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DOP [ * ok

DEHA [ ok

DEHT

DPHP *

TOTM L ke *k
R RN R
DOEESEESIEIEAZERERES

2%

*P<0.05 **P<<0.01 ***P<<0.001
B2 k& EEAPLIG YY) Z A K Spearman BAH 345
Fig.2 Spearman rank correlation among major PFRs, BPs, PFASs, PAEs, and APs in hair
t—2 K H PMF 434r, 78 PMFS5.0 BRI rh 5| AT ¥ BE KOS Bff o B WA B 2, i Sk R 2 R
BLTS Gy AV e R R B 2R T 4 A JE 1053 43 i %of 538 A HE Sk v 2 FAT BILTS G W 10 >k 526 A 7 il
(E 4), PMF Fl PCA B fift A7 45 R HLA MM, (B fA e — 2 22 5% T 1 TCPP(57.9%). DEHP
(58.3%). DEHA( 61.1%) . TEHP( 67.2%) il TPHP( 35.5%) . TOTM( 37.4%) . DEHT( 33.4%) . DOP
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(30.1%) . DNBP(28.8) (X T3 i i 5 b3k PCA BRI M A5 ) A 45 — A = o 25 A, 52414
BERE . R R R R e ARG R 2 B AW G YA
DPHP(87.8%) . TDCIPP(41.0%) . DEHT(56.6%) . DOP(51.9%) . BPF(48.8%), 5 PCA #8153 #7145 i iy
5= E AR, B FE B T RIS, (AR AR 2 ka9 E LI H PVC B IR
il I4F 3 ) BPBP(61.9%) . PFHXA(63.8%) . PFHxS(50.0%) . DIBP(41.2%) /5§ £ 5, X 3 XA [FAY
YW e AT ZF0 & . BPBP HA7 5 BPA MR k22549, 1F R BPA (AR 5 F T H 48 b1 R
P AT RHR 3. 41, PFHXA . PPFHxS Fi1 DIBP JH BBk . B4, B, 3 T8 5%
FH A BE 8 B A <. KT 4 /1 BPS. BPAF., BPF, PFOA f¥ [H T i 58 &5, 43 91 K 78.4%. 41.7%.
45.6%., 64.3%, 5 PCA BIRIAYEE A F ARl E28 5 AR B9 SRR 33 T A 7 5 (9 4 FHAH OC.

TDCIPP & DEHP i
e ’ «, DEHT

PC3(11.2%)

B 3 PCA BIAIXS K A v 32575 YWy i) I A 245
Fig.3 Source analysis of major PFRs, BPs, PFASs, PAEs, and APs in hair by PCA model
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Fig.4 Source analysis of major PFRs, BPs, PFASs, PAEs, and APs in hair based on the result of PMF
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K PCA i1 PMF #5284 73 51| ) 3538 A B Sk & R i v 200 AILTS ey b AT U AR AT, 23 il B 0 3 > A
4 A F ST PRI LA AT 45 AR AR U N 25 55 2R PRI B AR AR A 45 SR R, R SA R 2R}
il i B2 AN N B i B (e FE X3RSk b 2 R A LTS Y 1 o R G A
2.3 SR HLE YRR 25 5

PR NBESr <20 % . 21—40 % | 41—60 % | >60 % 55 4 PMAE I B, B LR 6:6:8:10. 4
Kruskal-Wallis B Kz 45, & 304t 12 Fp B ik & W) 76 A [RAE S B AHErh BoAT 25 22 = (1K1 5) . 7E
<20 % NHE, Sk & b 0975 G W vk B 35 IR T LA A 8 B i HE, FLh 42 4% EHDPP, TEP, TNBP,
BPAP. BPBP, PFHxA . DMP, DEP, BMOP, DPP. DIBA . DBS.
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[RIFI A R4 3% 22 5 F Mann-Whitney #5156, *327R 22 5 8 3 (P<0.05)
Fig.5 Concentrations of PFRs, BPs, PFASs, PAEs, APs in hair of different age groups
Mann-Whitney test was used to compare the concentrations of PFRs/BPs/PFASs/PAEs/APs in different age groups.* Stands for significant
difference(P<0.05)

52N S BT I 45 AL, AR LA Sk & H Y PFRs ¥k BEAIGF A 4E A5 RIS, Kucharska B4 25 7E
WF 98 BE B 3k I e BLBE 28 3k e b TNBP. TEHP S84k & W) ik FE K- W v T L& . fEA 5T b, X
Y 10PFRs 1M 7, <20 %/ 4F #% 28 v TNBP () 1 B ¥k £ (ND) g ik F 21—40 X 44 21 (16.3 ngg™') .
41—60 B AFERA 4 (12.3 ng-g ™) FI>60 % 4 H34H (10.8 ng-g ™) . BIfHi 4% 4FE W4 BEAR () PFRs 1b4 Wy Bl AT 1%
FIZR A B A 35 B4 G B FA B, (EAS /MR ZH 9 PFRs W 7K AR T RARE IR 2 1Y PFRs He B /K, 51
MR AR L, <20 2 AHERT BEE % N B 5 i B D 45 e, O HL LA 2 R R (VR 2 L A %) xR 5
F PFRs 2 & EE WVER, LA AR LA A2 8 T PFRs LS /D, BARZ R RFR I
TEANT ST BPs 194 R AL-S 4, (HE A BFSEHGE BPA 78 L # 3k & b il e B2 /K SF I S AR T AR N7 %45
5 AT I 45 RAL, YoBPs H BPBP 7£<20 % 4 i 21 A (MR B (21.1 ng-g ) W& KT 21—40 2 4F
W41 (183 ng-g™) . 41—60 ZAFRE AL (136 ng-g™) . >60 % A # 4H (156 ng-g ") . Ak & 1 () BPAP Fll
BPBP /K V- Bl 2 47 () 35 1 10 i, AT e SR B T o [R5 1k e B 5 rb o B BPA (U 2 L ) i 5 fift
AR it A R, BN R BB R A 28 4 Al 21 35 A BPs BRI a7, DA U R AR W8 20\ 2%
T A, A WFSE L PIBE S AE IR K, Sk & v PFASs BYMEE 5 | TR 3, FEARRFSE H, <20 BHAEIR 4
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i) PFHxA HP{EIRIE (16.8 ng-g ") BT 21—40 B 4F 41 (94.3 ng'g) . 41—60 H4FEHH A1 (81. 1 ngg")
F>60 % 4F U2 (183 ng-g™), A REVA BRI T8 AF WS Be N HE 42 fih PFASs BRG] Tl b 8303 1 T30/ s
AE A 20 N XY 4PAESs Fll Y 0Aps 1 7 , <20 % 4F i 2 h BMOP Hl DBS 1Y H {H ¥k & (3.57 ng-g '\
6.96 ng-g) B FH K T 21—40 % 4E A 41 (108 ng-g'. 41.2 ng-g') . 41 —60 % 4 % 41 (82.4 ng-g'.
30.6ng-g') . >60 HAFHREA (50.7 ng'g ' 42.9 ng-g ™). HAR He 551 (IIFFE HP AR & B PAEs 7EARRAEIR 2
V6] () b 2 2 5, (L UL IR A 0 2 1940 e 2 70 S ) 205 v A s 2 A 1K

A NBEOAS NPT Bk BRI . Sk L Yk EE L IRTE R . 7 T4 . ok w55 ) RS
L, DAPTAS P58 2 5 0 [R) AR 0% B A HE 2 Fh AT AILTS Y ) 2% 58 10 oy (9 52 M), 485 51 5 7 A A4 BHLA 1) 4
FEAAEIR ARE D 2 5 A8 W3 (58 3). DL RS5 A SRM, S PORIE T g 2 A HLTS Y i £ 2 2 85 R UR,
T At AF 0 B A AR T A0/ VAT W8 20 422 ik 7 5% 22 R BILTS e DL B oy, BB MF IR 4 AR & 4
W BE KR TR R AR 20 SR, 78 JH A A7 i B AT v & 3 R o A 08 A 16 K, ¥ e ok B2 A Ak e A W
e, RISk & A A ik BE AT e N AT AR IR AOE, I AT BE 55 N R R AN IR M R R A G,
SR, ASBIF S i dife 2 PP AT 3k e AT BILTS Gl 40 P 2 58 T S0 A UE AR B B8R TE Ik DX 43 P VR PR AR U P
8 DTk, (H S R AREAMRIH AT A U 8 0 AR 2 85 2E W hs s ), 3R G HLTS ey N Ah 25 5 2 88 T AR 2.
[T, 38 T B A () A A ok o — 25 F 5% ZFhA AILT5 e R B AR R 22 5+

R 3 OANIEAFRY BEARERIA AR A 0 A B

Table 3 Use of personal care products by different age groups

At ] <20% 21—40% 41—60% >60% Pl
Variables Type <20 years old 21—40 years old  41—60 years old >60 years old P value
&k 2 3 4 4 4
Perfume 7 17 18 19 18 0.992
PETT 2 9 11 11 9
Face wash % 1 1 12 3 0.938
PR 2 16 13 15 15
Skin care % 4 9 3 7 0.532
ek 2 9 12 12 10
Shampoo s 11 10 11 12 087
/e & 2 12 13 14 13
Soap/Detergent FS 8 9 9 9 0.999
ANy & 11 13 13 12
Body wash 7 9 9 10 10 099
PFE 2z 14 12 14 14
Hand cream 7 6 10 9 8 0.777
feofhe i & 7 6 6 6
Cosmetics 7 14 16 17 16 0.917

TE: A I BTG (oK BRIEWD . PR ek s . TR /BeA . TRIRER . 778 Al 7E 48 h(2 &) A TR T (5 ) M
PRI SCR I, BN T 2R WP 757, a. Bl Lindeik. b, PR IR TR

Note: Personal care products ( perfume, face wash, skin care, shampoo, soap/ detergent, body wash, hand cream, cosmetics) with a
frequency of use greater than (including) two times in 48 hours (2 days) were defined as “yes”, and a frequency of use less than two times was
defined as “no”. a: Data are expressed as n. b: P-values were determined using the chi-square test.

2.4 SkEHA LG YL 22 5

AN TRV 5 N Sk & v Ak A rp e B R R R DL 36 25 30 B R R HE P, B Aol 13:17. &
Mann-Whitney #:55, Bk BPAF 1 PFBS 2 4h, 34 23 F Hbrfb WS L2 M EA B %25 (K’ 6), H
Lo Sk A VR BE IR T B RSk R A RS ARG X R Sk & R BB 9 4 SR A A
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Fig.6 Concentrations of PFRs, BPs, PFASs, PAEs, APs in hair of different genders
Mann-Whitney test was used to compare the concentrations of PFRs/BPs/PFASs/PAEs/APs between female and male.
* Stands for significant difference(P<0.05)

BRI S, iksk & Y PFRs B (64.4—1793 ng-g ) ik i T B £ (76.0—579 ng-g "), o H 2
TCPP. TPHP. TCP i TBOEP {4l 22 53 i 3, For TPHP 9451 48 Bl v i —Fha o3, & —Fh vz 4
FHE) PERU i 2o e 0 A o feff FH 2t v 7 58 o, IR Lo Y PFRs 2 85 7KF- i35 F B . eAh, AR T ph 4%
IR 45 R, Lotk v PFRs ¥R I 355 T 55 7%, Horh TCEP. TDCIPP Al TPHP f9 25 5 UK b 3. [F]
I, Li 2509 BF 58 & B, )8k & o TPHP, TEHP, TCPP Hl TCP (¥ FEE7E L P AREh B2 0 T M. 1t
Ah, AR 4 Martin 55 970 9 WF 5 45 5 & B0 55 1 A0 Lot Sk & R i BPA MR B K - AR AL T AR BIE SR R, BR
BPAF Z 4}, 3oBPs H1) BPF, BPP il BPS 7£ 5 4 (i Bk & (11 ng'g' . ND, 3.4 ng-g ) B EM T
PEPEVRE (327 ng'g ' 2.75 ng-g ' 11.8 ng-g"). SR, iX 222 5l GE TR 220 KIWEEA 2 A A5 H B
B AR . R AR ARV BT R B, Lok e v KR4 PFASs IR 34 T S Mk &, i 5 A SCI Ao
S5 FEARWESE B, B PFBS 76 5 M3k & b i fE VR (4.09 ngg!) & F 2t (ND) 4, HiAth
PFASs 7F 2 ¥ 3k &t 0 v i (747 —3768 ng'g™) 4 B B =5 T 55 7 (647—2978 ng-g'), il PFPeA,
PFHpA. PFOA. PFNA. PFTeDA. PFHxDA 1 PFHpS. 7} #b, % T2 [7] i 1] PAEs 1% 5 (9 % 5% 374,
Lim 2509 % B 4V 72 58 PAEs RO 10 35 5 T8 1, FLARYE Porras 2507 X 25 22 AR WD 2 58 A BE A5
KBS B L, Lo P X PAEs (9 B 82 O 5L 7 AR B 58 P Y 4PAEs 78 55 M Sk & b Ag v K R
(17851 ng-g ") B F (LT Lt (34786 ng-g '), JLHZ DIBP, DNBP, BEEP, DOP, iX 5 DIBP, DNBP F %
TR RS R BEAEA N 35 (0 5 SRR AT, vT R85 55 R 00 A A 30 38 i 3 45 A0 A 56 It
Ak, YoAPs 7E J M 3k & (1 B K A (7093 ng-g ™) L (IR T £ M (16460 ng-g™') , W BTHC(ND) F1
DEHT(4396 ng-g ) 7E B M3k At i BEAIR T Lo £ (142 ng-g ™' A1 10122 ng-g ™).

A NFERAS NP B (oK GRS, PRk ot L DR EE L R EE . B TR Aol A ) £ T
B, DAVEAS P85 28 88 XA [RIPE ST 2 Rl LTS Je ) 28 68 Ty R 52 e (3R 4). 455 R, ot NREP ik
i S Akttt 4 A8 FH A 5 5 1 PR (P < 0.001) 5 I3 e = 0 6 56 75 3 HPOY X AS )k S R 2 F g BT e
Y B 58 T i I . DL R SR, AN BB 5 TT AR R e HLYS Y AV R, Sk
KA LTS Y 1 ) 22 S5 mT B I DR 55 Lo MEAS IR 9 26 38 248, TRIE i K T e i B K B[]
A BB R Sk 2 v ), T 5 P SR A I RE AR DG B, 15 e A Sk R I B R TR TR
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R4 AFEVERITEA AP EL G S O
Table 4 Use of personal care products by different gender groups

Gl K Fk g PlE
Variables Type Male Female P value
K = 2 3
Perfume 75 1 " 0.869
Ve 13 = 5 8
Face wash 7 3 9 0.638
ol = 15
Skin care % 5 0.004
Ve % = 7 8
Shampoo 7 6 9 0.713
U /e < 10 0.785
Soap/Detergent 7 6 7 ’
kiR 2 ? ’
Body wash = 4 8 0.367
R = 5 12
Hand cream % 8 5 0.078
fteth 2 0 7
Cosmetics % 13 10 0-008

AN AGEAN GEAK . SRS kil . DEAER . AER/ARAK . RindEs . 9758 . Atk dh) 7E 48 h(2 &) NIRRT (1% ™
YRR SCR I, BHR/NT 2 IR SO AR, a: Bl LAnaRik. b: PIERAIR TR

Note: Personal care products ( perfume, face wash, skin care, shampoo, soap/ detergent, body wash, hand cream, cosmetics) with a
frequency of use greater than (including) two times in 48 hours (2 days) were defined as “yes”, and a frequency of use less than two times was
defined as “no”. a: Data are expressed as n. b: P-values were determined using the chi-square test.

3 %518 (Conclusions)

(1)PFRs, PFASs. BPs. PAEs Fll APs 7EAHF 5% i3858 AR Sk & v ki i, SR AL AE RS )z
FEAE, I H AT BB X A2 ol 2 5 AU

(2)if ik PCA F1 PMF #5808 30 AR Sk & vh Z R AILTS Yy e AT I5 AT, W30 A0 5L EDIIE, 45 2R 18
TNERSUARL L SR BN T S A S RS & R 2 R LTS S 1 T R X A

(3) ARTFAEHE . AR 5 BE Sk & A HLTS Y P 04 v B A7 7 B 385 22 5, 5 ol 222 B0 v A it 4 v T AIK
AR . Lot T H R X AT AR SOR R CHE R AR T ST TS W 0 s K R BRI BN g ) A
FA K. BRI, BT RAEAABR i SR AR /N, ARG AR XT38 A BT 0125 0 i 25 55 5 it
FEH, Wit — 2 KEEA &, I XA OC R R AT 2 1 TR AT
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