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Residue of Organic Fluorine Pollutants in Hair and Nails Collected from Tianjin
YAO Dan', ZHANG Hong*, CHAI Zhi-fang’, SHEN Jin-can*, YANG Bo’, WANG Yan-ping', LIU Guo-qing’
(1. College of Food Engineering and Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China; 2. College
of Physics Science and Technology, Shenzhen University, Shenzhen 518060, China; 3. Institute of High Energy Physics, Chinese
Academy of Sciences, Beijing 100049, China; 4. Food Inspection Center of Shenzhen Entry-exit Inspection and Quarantine Bureau,
Shenzhen 518045, Chinaj; 5. College of Chemistry and Chemical Engineering, Shenzhen University, Shenzhen 518060, China)
Abstract: In order to explore the residue and distributions of organic fluorine pollutants in hair and nails, the residue levels of total
fluorine (TF), extractable organic fluorine ( EOF) and perfluorinated chemicals ( PFCs) in hair and nails collected from Tianjin adults
were measured by the cyclic neutron activation analysis ( CNAA) combined with the high performance liquid chromatography-tandem

1

mass spectrometry ( HPLC-MS/MS). The results showed that inorganic fluorine (mean: 2.0 mg-kg™", 4.5 mg-kg™') was the
primary fluorine in TF while EOF(mean: 0.7 mg-kg™', 1.8 mg-kg™') was minor. The average amount of identified fluorine (IF)
was 0. 038 mg-kg ™" in hair and 0. 047 mg-kg™"' in nails, accounting for 7. 1% (2.6%-16% ) and 3.5% (1.1%-11% ) of EOF,

respectively, which indicated that more than 84% of EOF was unknown. The major residue in hair and nails were medium-and short-

chain PFCs,in which perfluorooctane sulfonate, perfluorooctanoic acid and perfluorononanoic acid were the main species. TF, EOF and
IF levels in dyed and permed hair were significantly higher than untreated hair (P <0.05), and the concentrations of Z PFCs in hair
and nails showed no difference between genders. With significantly higher levels of Z PFCs and PFOS residues than hair (P <0.01) ,

nails could potentially become a more sensitive bioindicator for the exposure level of PFCs in human.

Key words: PFCs; bioindicator; hair; nails; CNAA; HPLC-MS/MS; PFOS; PFOA
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ESEARRE. MLZ T, P EE R MEAAN, 5
=4 PRCs, H A LR E | 5 TIRAF . RESIC
FARNTG QW R G KF | A2 AER . T
) b PR R A5 22 0, R B SR Ok 4
SREREE I PFCs 5287 ALK 19 T 47 14 It 6 % H
i, F X & B b g Ak ) i A SR AR D A R R T
PFCs F 25 F1 42 B Oy %, M & H b &2 38 (total
fluorine, TF) . 7] # B 19 A ML % ( extractable
organic fluorine, EOF) . A % 5| % ( identified
fluorine, 1F) i Z GB35 i A UL 2 38 .

AHIEFE ) HIAE BR v 1 15 46 53 BT (eyclic neutron
activation analysis, CNAA) il i TF ., EOF, i FH & %%
WAH {7 3%-5% 3% B A ( high  performance  liquid
chromatography-tandem mass spectrometry, HPLC-
MS/MS) 7 Hr PRCs M, 72 1 R HAA 33 Bl
Qe | A HURE AR 11 YL 3k T TF | EOF
I PFCs S, B 748 78 & H i TF | EOF | PFCs fif
SRR K | o3 A AL S g2 R U, PP &
f87R N PFCs 5 g XU 19 AT 4708 | DU A B 237
fili PFCs HY AR e XU S (BT i 12

1 #MREFZE

L1 FECREE

H 2010 4F 10 H ~2011 4 6 H FREFRHHE K
OREE22~24 4 fERBUEML a D ERYEEE
[FIVRAE Y 2 3k & (33 1, B 2 8 o) FIdE HH (33 1y,
WIGFIRE BB, FHh 4 o), IR E
(11 0, B2 8 o). BIBE AT HE NS, G
PRI AR A
1.2 FEZUZR A

FE T R A SO HE (BRI R 2= R
WEFERT) F i 268 y 3% 4L (GMX35190, ORTEC)
Sy HF TF, EOF i 3 F HPLC-MS/MS Bk F 1Y
( Agilent 1100-API 3000, 3¢ [ AB 2% @) 4 #r
PFCs S FTAbBEAE A 12 48 s 2 MO 8 (3%
[E BESEP A H]) & Polymer WAX (150 mg,6 cc)
[ AH A B (25 B Chrom-Matrix 28 ) ) ;3 3 23
R (A% al, SEE ). T. Baker 24 H)) |
HR 5 I 1R 4 ( (i 4l , 2 18 Dikma 24 W) | 2K
(25% 24, R Acros A ) . To/K &
(orAral, bl E 2500 G BR 2 | ) 45, SE 5 K
H18.2 MQ-cm Y #8 4 /K. PFCs 1R & 4D #r
( PFAC-MXB) 5 P45 ( MPFAC-MXA) g [ hin £ K
Wellington /Aﬁ‘,‘—ﬁxﬁéﬂﬂi‘ﬁlﬁl

1.3 ATAbERAL R R AT i R

SRR . L& | HR ARSI AGE 0. 5%
Triton-100 7KES W H IR 1 min, KFRFRHET5Y, H
EE A K A PR 3 i, W R Triton 5% VR A1 TG HL
ZRI, B N AR E , IR 1. Sk R B E 3 ~5
mm, 3§ BT F 3 mm x3 mm ZE4WRL, A1 A S TE 4R,
TR .

TF X% EOF 7 7 i F2. TF. H 0.5 g 3k & 5%
0.2 g T8 AT TR OIGHBAS )5 3 T %
b CNAA I TF i EOF. B2 ~3 gk k8
0.2~0.6 gtHHFEMT 50 mL BREEE LB,
JIA 20 mL 0. 1 mol-L~" KOH W EI& W, 4 K A%
B (259,200 remin"',16 h) , B.»(25°C ,10 000
remin~',10 min) J5 53 & LEW, EE —WK, 57
FIEW,60°C KA ERZ 1 mL, H0. 9 mL 4
HTROHER I T HAAE T, CNAA Il EOF
J

PFCs /3Hrifi 2. BL 0.5 g Sk k5L 0.1 g 6 AL
i T 50 mL B4, A S ng PRCs 1R-& R 10
mL 0.1 mol-L.~" KOH FRE S W, PR IR #5 B 16 h
(25°C ,200 remin""),60°C #7752 B 20 min, & .0
(25°C,10 000 r-min~",10 min) 5, Fi5 G5 A Y —
WA PR EE K. A 9F LR, 80°C KB A R &
T 0A 8 mL 2% (MRFIEL ) (Y F R K 5 9, =5 TR
FEAEE1S min, B0 8 (10000 remin ™', 10 min) ,
WG ALY OASIS WAX [ AH/NE K YR 2
mL 2% (1) B R K 5 ¥R 2 mL Bk, ] 4 mL
9% 1) 28 7K Y IEV VR R I, R IR 48 60°C 7K IR AR
FEARE 1 mL,0.22 pm JE L IE, #5177 PFCs FpS
HPLC-MS/MS 43 #f.

1.4 Z#r

CNAA. 7£ 9 x 10" em > +s ' HFil & T, Il &
P41 633 keV eV, FEGFHSE] (¢,) = DA TE] (2, )
=30 s, RENEE] (2y) = SFRFEFE] (2, ) =2 s, FHH T
K. W F Gamma Vision £ 2010 winspan P& B K
1 FHRA E . CNAA SEB A5 T A% WP Na (n,
o) F & Na-F THERECH 1.2%, T TF,
EOF 25 5 dn bk T35 i 8. 3 550 e, 3k
% FEH H TF A1 EOF &1 FR 4351~ 0. 60 pg 1
0.20 pg.

HPLC-MS/MS R W brE i k. TAEIMZAE 5
~80 pg LMV, 15 B PFCs ZR PEAH X 250
#£0.9907 ~0.999 5 Z [i], HARfbLA P01 B S 41
FREIRR S T3¢ 1. 2T 455 30k [ 3 ] AH .
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Table 1 = MS parameters and detection limit of target compounds
ety BT FET ML R P
PFBA 213 169 -40 -20 1.9
PFPeA 263 219 -60 -20 0.41
PFHxA 313 269 -70 -20 0.39
PFHpA 363 319 -70 -20 0.22
PFOA 413 369 -70 =25 0.18
413 169 -70 =25 0.18
PFNA 463 419 -70 -20 0.11
463 169 -70 -35 0.11
PFDA 513 469 -70 -20 0.10
PFUdA 563 519 -60 -15 0. 094
PFDoA 613 569 -60 -23 0.10
PFTrDA 663 619 -60 =25 0.10
PFHxDA 813 769 -60 -30 0.14
PFODA 913 869 -60 -30 0. 14
PFHxS 399 80 -130 =75 0.12
399 99 -130 -52 0.12
PFOS 499 80 - 180 - 100 0.15
499 99 -180 -70 0.15
PFDS 599 99 -70 -42 0.34
MPFBA 217 172 -40 -20
MPFHxA 315 270 -70 -20
MPFOA 417 372 -60 =25
MPFNA 468 423 -70 -20
MPFDA 515 470 -70 -20
MPFUdA 565 520 -60 -15
MPFDoA 615 570 -60 -23
MPFHxS 403 103 -130 -52
MPFOS 503 99 - 180 -52

Si3T 4. i SPSS 13. 0 il Origin 8. 0 {43
TR EM 2R . Spearman ZEPEA /BT, K3
IrHr Rz B AR K a0 =0. 05.

1.5 FradEfl A

Shy it G MR T G | ST 25 A F1E FH SR T 0 A
Sl i, AT A Atk | YRS bk vk 2 . 5256
FBE . 2K, HERUT SE0E 452 ] HPLC-MS/MS %
T MR . Ry IR A B R T BB R 1Y
AMNEETS Yy SR T AR AT [ SE0G. 28 Rk F
B3 WG 1k W Bk, HRG Y PFOA (k% 0. 13
ng-L~"' 48 .0.081 ng-L™") Ui SLERZE R 40
SRS LR AR Sk & FndE 15 A PFRCs 7R
20 wg- L™ hnbs vk BE K SF TR B IRl [ 43 5 ok
76% ~137% 1 75% ~ 138% , 7% 5 Z2 4430 Bl 4 1)
6.3% ~24% M 2.5% ~16%.

2 GRS

2.1 k& IEWHRES T TF, EOF , 559 F (5% 88
IR a3 A

SLRFE LS TR TF | EOF FIR] %5 F (/0 ss
H(FE2)BR, k& TF H EOF ¥ B Y 43 5 Hy
2.7 mg-kg ' F10.70 mg-kg ' ,EOF 5 TF &Y 26%
(3.7% ~53% ) , W] %5 F AV i EOF & 811 7.1%
(2.6%~16% ) ; 5 o TF Il EOF #& & 2118 43 551 N
6.3 mg-kg ™' Fl1 1.8 mg-kg™', EOF 25,5 TF & & iy
30% (6.7%~48% ) , AJ %5 F 255 EOF &5 3. 5%
(1.1%~11% ). A UL, W v A6 o041 2 LU TG LR
= EOF A%, 1M 84% LA _L1¥) EOF {/3)& A 1.

KEN & TF & 58T P H A X (4.2
mg-kg ' 2.8 ~19 mg-kg ' SUY T 2 AR R
ARSI (5. 4 mg-kg ™)1y H5ZHML, K
AW H TF B K 7 HAh e X (13,75 ~
18.25 mg-kg ' )7 AP 2% H O & & (8.8
mg-kg ') BFGE R, R [ A 45 Hh R K
SERTES KRR PR E( <1 mg-L7") Pk
TFPCLARHAK (1.2 mg- L") MO ik K P & i
IR 244 i R PR S IR AR O T s A R A
Sk, FE W bR B AR



2

WRPEEE . RS S8 B o LIRS S 1 5% B AR

721

#2 L H#ESS TF, EOF MATL5 FHEEKFE" /mg-kg ™!
Table 2 Concentrations of TF, EOF and identifiable F in hair and nails/mg-kg ="

2557 TR (n=33) Tz (no1l) BH (n=33)
TF 2.7%(2.2)" 4.2 (3.1) 6.3 (5.8)
0.64 ~6.2° 2.0~7.3 0.48 ~11
EOF 0.70 (0.71) 0.82 (0.72) 1.8 (1.6)
0.19~1.1 0.52~1.3 0.48 ~5.0

Af % By o 0.038 (0.033) 0.053 (0.026) 0.047 (0.041)
0.010 ~0. 088 0.004 0 ~0. 20 0.010 ~0. 12

Da: ¥{H; b E; e Y6/ d.PFCs ' F TR & &

2.2 SkkAEW h PFCs B B R HE 5 40 A B
R X R A 1Y) 33 5] & B rh PRCs R HE R
KERFRK- (3R 3) on, Sk k. F8H H PFCs Kl 3
5 & PFOS = PFHxS = PFOA = PFNA (100% ) >
PFPeA (96% ) > PFuDA (90% ) > PFHpA = PFDS
(73% ) > PFTiDA = PFHxA (68% ) > PFDA (45% )
1 PFOS = PFHxS = PFOA (100% ) > PFNA = PFHpA
(90% ) > PFHxA (85% ) > PFuDA = PFTtDA (67% )
> PFPeA (58% ) > PFDA (45% ) W4 #i. & W
PFCs 5% B8 S W4k PFCs(7<C<10) > J5 %% PFCs(C
<6) > > K5k PFCs(C=11) (4 fi A, PFCs 5% B4
Lhrih | JE%E PRCs 3, 20 > PFCs 19 90% L I-.

Sk | AR e PRCs 435 D PFCs 19 60%
1 63% ,%64% PFCs 5 39% 1 37% , i K 5% PFCs N
HEH PFudA #l PFTDA. 1E4h, 3k % | 8 H b4
fiffi R ( perfluoroalkyl sulfonic acids, PFSAs) 5% 84 7K
Y (kA& 34 wg-kg ™' FEH .38 wgrkg ™) BT

FRIR ( perfluorocarboxylic acids, PFCAs) (k% .24
ng-kg ™' FEH 36 perkg '), HR 5 PFSAs
PFCAs B 5) B4 T E IR PGS 1 AR | DL T
fist i HE 0 R T PFSAs 25 PFCs AY#2H " 45 3¢, PFCs
FhZS[H] Hierarchical JRASHAISHTHr 45 L MG
PFOS & B PFSAs 28 £ 225% BAP S | I PENA Fl
PFOA 73 5203k & A5 B it PFCAs 210 3222 5% B Fp
A IR W, PRCs B L i 14 5 ZX B /%l PFOS |
PFOA %" AR K, B3, 9% UL PFOA |
PENA SR B4 7L . PRVt B R LN £ 2 0
UL PFOS 381 , KA R EE (fluomtelomer alcohol ,
FTOHs) WZ0P ik AR N i —2ACh PFOS il
PFOA. Jll 22, PFOS i PFOA 7EAK P 2 3k 5. 4
a M13.8a'"! JE3E M & H o PFOS ., PFOA | PFNA &
B R ) B

F5H h PFOS BR B 7KF- (27 pg-kg ™) AR T
KT (44.7 pg-kg™ ") " FIPL BT JL 3 (328
weekeg M5 K H RO W P PFOS (12.5

£3 AKEBRRERS PRCs WRHEREBAE /g kg

Table 3 Detection rate and residue levels of PFCs in human hair and nails/ug-kg =

APz kK EEL
TiH PFCs Fi7s i th FHIE Far th % S
/% H(n=11) L (n=22) /% H(n=11) L(n=22)
PFHxS 100 13 8.0 100 12 9.1
JHEE(C<6) PFPeA 96 7.8 7.1 58 2.9 5.8
PFHxA 68 4.7 6.0 85 13 11
PFHpA 73 4.7 2.6 90 8.4 7.8
PFOS 100 21" 15 100 28 25
i (T<C<10) PFDS 73 2.0 5.7 0 nd nd
PFOA 100 7.1" 5.5 100 6.5 8.6
PFNA 100 3.9%* 1.5 90 2.9 2.5
PFDA 45 0.99 0.86 45 1.3 1.2
PFudA 90 0.17 0.14 67 0.85 1.2
PFDoA 0 nd nd 0 nd nd
KiE(C=11) PFTrDA 68 0.11 0.14 67 0.75 0.75
PFTeDA nd nd nd nd
PFHxDA nd nd nd nd
> PFCs 65 53 76 71

1)nd: not detected; 2) * & P <0.05, * = 4 P <0.01
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SEREFRIE I C4 ~ CT 1 PFCAs™ & /i th PFOA 5
PFPeA . PFNA 5 PFHpA H G R A 2 —; H
UK, PFCs RIS P 70 A = A A 3k A vp 25 7= 2
HE T eSS R IO e S 2 LA S PRI , S ey o m]
Kk PROS 1 PFOA™" | RO K . + & A1k
PSR ER B R B SRR A

®4 LK, ERHRPFCs METEREBEXRHY

Table 4 Spearman correlation coefficient of PFCs in hair and nails

PFHxS PFOS PFPeA PFHxA PFHpA PFOA PFNA
PFHxS 1.0

PFOS 0.50**(0.54*) 1.0

PFPeA 0.20 0.32 1.0

PFHxA -0.44 -0.046 0.26 1.0

PFHpA 0.28 0.18 0.19 -0.058 1.0

PFOA 0.25 0.53*(0.69**) 0.51" 0.21 0.25 1.0

PFNA 0.13 0.014 0.22 -0.13 0.68"* -0.074 1.0

1) %4 P<0.05, = %4 P<0.01; 2)3&H o PFCs MM /R EMIERE

2.3.2  AHLHEEE W B2 R

KHHTF, EOF ] % 5] F 5% B8 K FH R 0
PG IE) 222 5 (1 1) (BB Pk & b PFHpA (P
<0.05). PFOS(P <0.05) ., PFOA (P <0.05) Fl
PFNA(P<0.01) B3 & Tt (£ 3), 55 Wil
H PRCs 7B & = Tt (P <0.01) > Ay dREH
5. & H v PRCs EZWE A IR, 7 1% Lobk 8 14
FE R TR B i B M PRCs AR PR
TR R Ak, ez 3k & TR, EOF | A4
A F B E S TIERZ L E (P <0.05), 5Bl A
WA PRCs 2 TG 1 7 0 St e 2 S 4T T,
Hp B IER Sk Kk P A k.

& PRCs AR08 T I, 5E 5 72 0 S WAL {4
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> PFCs , PFOS 58#( > PFCs .74 pg-kg™',PFOS:
27 pgkg™') MW FE BTk & () PFCs: 59
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Fig. 1 Residue levels of TF, EOF, and identified F

in hair and nails of male and female

FHEN 223k & (0.3 mmed ") AUA K EE LY 3 £
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