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D& TF #1 TOF #y5 U4 B 5 e A 46 MR e 2 -+
ik 20 R PR AT BT BT e R
M (jon-selective electrode, ISE) ™7 Koki 1S
v HHER K B TE L B ISE B AE I RE S Y
TP RIS, 38 ) A bR it v Y S e by
S, IEAIFH RS e R rE AR A I e RS
i, EAONERAAHERYELS . BRAERE R BT
X hh Al 4G TF . TOF il EOF 7 g A 78 45
b HOARWESE B PR AL [T Ak By SRR 4
il HACH ) TF, JoHL# (inorganic fluorine, IF) Fl
EOF, HISE %€ TF, TOF Al EOF, FX Mzt
ARIFE A AT & SR A A S R o b, DA s &
Al FHACT PRAS WA RIS i ikl A2

1 SRE&ES

1.1 #HE 5
1.1.1 SBHER

KW [ T A 48 R S A AC (GRS
S1~848 ), FFEIRAC. Piihat, LA ACHE | 4Uhi | 448
AR FAT AT
112 XA HkRR

AR SRR (orral) | AR (adral) |
KO (Eakal) | A (tal) . —oKiEmR
oAl ) | BRBREN ( Z3Air st ) | kIR SN (43Tl ) |
ToK O EE (ke ), Bl soMAEARH A BRA A

FrOME M 4 B MR (perfluorooctanoic acid,
PFOA, ZiJE= 98%) . #E FAREAKEI ( Bk
JE 1000 mg/L ) , A2 e kAR AR AT R F
1.2 UREREF

BoF B Tt (PXSI-216F &) | U T K
(PF-2-01 %) | fAIH Rk (232-01 #Y) | i
A (T-818-Q 7Y ) , iR HL B A (AR A
FRAT]; Fofaas (YCY-4 1) | EBpRBeRE . Sk
Peiilke® (SLSY ) |, Bty ; M
WAL, KQ-5200E B, ASEni B Bk A
BN HL RO, TLE204E MY, MEWIES 1, LI
ki) — FERZ A PR v HAikHL, UPTC 10 #Y,
g RV A PR A
1.3 BiEH
131 R FRIKR

HERA PRI 2.54 g DRIR AN 2.52 g BR80T

1000 mL 75500, (0 AR 4K s i 25 2205
132 tafegmibsrai

FEFA I AGE BB AR, FrEamM AEALER, $i
FEE 2T AL S ARDAT
133 A&k

HERFREL 12.0 g HE LA T 50 mL BURHBEAT,
HEH 50 mL B LEAKTF B, PiHEE 250,
FERHEZER, 13 6 mol/L S LM
134 BB TRESFER

VERREL 57 mL KB . 58 g &4k, 120 g K
FREERRENT 1000 mL FAf, JIA 700 mL #4lK 584
Wi, ETRAKET, ZEIA 6 mol/L AN
WIEFES], WY pH & 5~6 28], BAHIEERG, ¥
BE 1LY, MR E R E 205/,
1.3.5 2R FiARE TR

T R 72.650 mg (KA 2 0.001 mg) PFOA
T 50 mL 755, (1 QRS I E R 205, Hils
5B TR EE A 1000 mg/L (49 PFOA FRUERE A,
F 4 CT#AF; B S mL PFOA Friffif 57 T 50 mL
i, MOBER 220, 1525 EHKE S 100
mg/L ) PFOA #RifEH AR, T 2~8 C MR 4
FIEL 0.5, 5.0 mL Y PFOA #rifE A7, i F 2 B2
FikE 2 50 mL 258 0ff, 45l 45 Bt W B 1, 10
mg/L ) PFOA #ifE TR, IECHLA.
1.3.6 R B FiekTiEk

HERRRE I 1 mL 5 TAR KA ZE 100 mL %%
i, HESKER B2, &R E N 10
mg/L I3RS AR UERE A B 10 mL SRS ik fint
WA 100 mL 550, FABAKERZZIE, 58]
Ji W B2 1000 pg/L FUESFAnifEH I 435175
BRI o R0 AR M R RN T 50 mL 85, A
20 mL SRS A, TR AKE S R A,
A3 TR N 5, 10, 20, 30, 40, 50, 80, 100, 200, 300,
400, 500 pg/L MRS FhrdE TR, PRRCELA .
1.4 HagE
141 HETF4ENE

1) FESLETAL IR FF AR BT E R AN 3 0.5
cm x 0.5 em R, HERRFRTE 0.2 g 40HE Fr RG22 0.1
g) T

2) SABREE BY . SO, LA ORI FH SRR R A
FOCHHOCHRAF RS TCE, IE0f R BT AT 22 it 3]
A7 BERT A E SR AAIA 10 mL 5 TR,
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SRR, RN B AR 2.0 MPa £ )
(A B Fo4E 2~3 IRLL B N s <), BFK
T 5 SRR, W HIE D 15 ming AR AR,
HERAHERAE EINRISCE B, S HEAO T AR R
SEAT, GEIGFTIFAIE, AR PR S N AT B
BRRE W, D0 A SR e R .l R
IKFESHIE VAR RSN ER , 5 I VRIS
%R 100 mL A RIE R 22, FRR &
142 HRBIF4ERNT

WA TE A AR [R] EALBRARE H 5 X AtERE
di, CREHBTEE M R AR SR MERRFR R 0.5 g 4URE
(CRMZE 0.1 g) T 50 mL R ZHELEH, A
30 mL HAlKF &R, iR A I 60 min, fFHE
BHREER, FHARERERL, &S
143 #% EOF 4 ¥m %

HERRFRTE 0.50 g AURERE R (RS2 0.01 g) Tl
F 50 mL R MBSO T, A 10 mL FE R % 3,
F AR 60 min, FHBEATIEEBORT 40 CK
WHRWREAGE R T, A 1 mL ZFEE %, Bk
SV MR AR A 1.4.1 EA TR IR A9 SR e FE P
7%, RS
1.5 BFEERHEIMM

W B FEBERRE R ERE NS AR,
20 mL F RS20 A R I T 50 mL 255
R, A 20 mL SV PR BE SR AR, B BRI
ot P 25 AR ) At A5 AR v SRS T 1 AV
Wi, AR B EL A (L N v il 2R T SRR T SRS T
W B2 B DR DNV VR A 18 T R v L Y
DABRIESS A HERA 1
1.6 BERREIE

1) TF. IF. EOF it

(C-C))xfxV

o i Y o Rl (1)
1000xm

K. C (i=TF. IF, EOF) WHFES & 255
mg/kg;

C R VA A AR T 2 mP X i 8 96 Uk
ng/L;

Co N2 FVRE S AEAT A R XoF 107 1 908 Ik
ng/L;

SR R 5

V R E 28R, mL;

m NEFERRAE R, g

fEm

’

e

’

2) TOF &iilH
Cror=Crs=Cig, (2)
X Cror MEEALH TOF i, mg/ke;
Cre NEERH TF &8, mg/kg;
Cy MEESHH IF &5, mg/kg.

2 HREWR

2.1 REVIF WyRTRhERIEIL

XFFARAS . AR, RIEA R EYEK)Z .
N T ABARBIE, IR CRIELORE (S3. S4)
PEATHTALBEOE AL, AR DY RARAE A RS Rk
YRS OEEA I . X HESE SRR, BTEAE A Al
DTS WA R S D fRT BRpRGEE s AR T 0 AR A |
BTRUT ORI, R B X TF SR BUSCR Y
Wi ANBHAR o PRI, R AR ™ it B R T i 21K
A AR R AR, EARTTRINE o XMk
TER IR IBICR RN, DUfl TR ERCR.
22 £MEE. RHRFMEER

1) ZRPEFE R i e - 1B 498 F AR 2 00 2 T i Y
BRIV TARE AR, LGRS 1k B 1 X B (e e
AR, SR TR bR f T 2k, BAA
BN 1 P, A2 AEMERIN, IR A
A RIFIZNE, MRREEIRT 0.990, BEHLNE
IR ESR

F1 ZIMEUEERARETFHRETEE

Table 1 Standard operating curve of fluoride ion in

multistage linear range

PR 2 LV (ng + L) HIEHRE (RY)
Y = —45.241gX+402.50 5~50 0.9960
Y=-56.471gX+419.58 20~100 0.9980
Y=-57.631gX+421.78 50~500 0.9998
Y = -57.191gX+420.75 100~1000 0.9999

2K H BR( 1imit of detection, LOD )F15E 1 FR( limit
of quantitation, LOQ ) : X% FAFEM#AT 10 57
W, TR SAg e (B AR G 22, Pl 28 b
2B AR A LOD #1LOQ, 430414 3.37, 5 g/l
e i ARV B2 %) 96U S AV (2, 5 ng/L) A TL
GBI, R AE S 5 S AG R LOD. LOQ FIrxd i Y
MAERZE . Bk, 430 2, 5 pg/L LR LOD
M LOQ. #zM& TF. IF Fl EOF By % J5 vk, fhi%a
TF % J5 3 LOD. LOQ 434}y 2.50, 6.25 mg/kg, IF
W 72 J5 % LOD., LOQ 43 %I A 0.30, 0.75 mg/kg, EOF
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W7 % LOD. LOQ 434124 0.50, 2.00 mg/kg.
2.3 EHEMEEERIE

1) TF M 7 2 S RIS 5 88 - [ 28 i Ak B
J5 HIARRE S3 Hh 43 SN 4 A5 i KCOF PFOA (16.25,
12.50, 25.00, 62.50 mg/kg ) , PEAT 6 WA 7 473k
B, AHNER 2 PR WSS IR, P EICRTE
80%~120% Z[a], HAHXHRUEN 2 (relative standard
deviation, RSD) H#/NTF 10%, FFEHIER .

x2 TFMEFEEREMBEBERIE (1=6)

Table 2 Accuracy and precision validation of total
fluorine measurement ( =6 )

TF &/ WIRF /. bRis TF & SFEE / RSD/

(mg+kg") (mg-kg') & /(mg-kg') % %
35.02 6.25 40.73 91.3 8.1
35.02 12.50 47.71 101.5 7.6
35.02 25.00 62.10 108.3 8.4
35.02 62.50 99.02 102.4 32

2) IF M J7 i I A RS 2 88 . () 28 i Ak 2
Je BYARAE S3 SN 35 KR SRR 1 0.75, 1.50,
5.00 mg/kg ) , AT 6 WAL FATIER, 45 R 3
JIR o MHREE SRR, SF3IEICRAE 80%~120% Z 18],
RSD {HH/NT 10%, {6 AT AR

x3 IFNEFZEBEMBEERIE (1—6)

Table 3 Accuracy and precision validation of inorganic
fluorine measurement ( 7=6)

FEH WK/ R TE ¢ PEIR | RSD/

(mg+kg)  (mgekg') H/Amgekg') % %
<0.30 (LOD) 0.75 0.92 82.4 1.7
<0.30 (LOD) 1.50 1.54 82.6 2.9
<0.30 (LOD) 5.00 4.46 83.1 42

3) EOF Ml ik i ISR A %5 . 0 22 Ak
S RYLRRE S3 RS hn 3 A5 KPR HLIE (2.00,
5.00, 10.00 mg/kg ) , #H AT 6 WA AT g, 45
RN 4 PR WEZER TR, R ESCE R
80%~120% =[], RSDAEI/NT 10%, FFEHAREK .

F4 EOF WEFHZHRBEMBERERIE (n—6)
Table 4 Accuracy and precision validation of extractable
organic fluorine measurement ( =6 )

EOF &t/ WKV / Jidsfa TF & ~FHEIGE / RSD/

(mg+kg') (mg-kg') H/(mgekg") % %
<0.50 (LOD) 2.00 3.86 93.1 7.5
<0.50 (LOD) 5.00 7.06 101.5 8.7
<0.50 (LOD) 10.00 11.27 92.7 7.5

24 EEEHEMBOBELSH

48 Fh4CHE Y T, IF. EOF #1 TOF & & 4 Mr 4%
Rk s,

e 5 Al

1) 7AW AIRE Sl rh AT REAN [R) R 2 b ASHIN 21 35
i, TF SHEJEEN (944 £0.12) ~ (533.77+18.20)
mg/kg, Hod, KE G SI~S41 () TF & & 5 Bl R

(9.44+0.12) ~ (87.29+7.52) mg/kg, 56.10% [V
YRR TF 77 5 20 me/kg, X — 45 R AT AE 154
b A OB S ST A A O, Bk
VR — W 5E . FEAh S42~S48 (1) TF & &0 [l N

(112,57 £10.44) ~ (533.77 + 18.20 ) mg/kg, *EH
TF & v B8 54 BRI R4 G

2) FEFA W ARES T, TF BKE H B A
TE 18 FpAE & o, IF % &I T LOQ (<0.75 mg/kg)
57 LOD (<0.30 mg/kg ) , H:4% 30 FkE S AY IF 5 &
JEFE N (0.76 £0.04 ) ~ (5.04 £0.05) mg/kg., K,
WL TF 5 i 0Bk IF i3 A TOF &
FEah ) TF SR w4 . (AT e, Futis
ARIERL T AL SR AL P G A A RN AL U B oK %
I

3) 7 17 MRS, EOF ST LOQ (<2.00
mg/kg) , FAx 31 Fp AR &L Y EOF &% & 3 [l ok

(227+0.03) ~ (28.53+0.70 ) mg/kg, AN, 4
AL EOF i, 5 TF & i (5 TOF & ) f77E
A 25,

4) BRI, 4CREP EOF & TF Hf# ( EOF/TF)
10 R 3.04%~76.32%. {H A% & W2, EOF [ TF
B R e, H TF i KZ7E 20 mg/kg AT,
FEEACTE AU CANBHImACMmAtss ) LUK ALK
BT o FE G S42~S48 HY EOF i TF Fb {913 Bl A
3.73%~13.36%, HEMI A5 AT HEEUA A HLIEA K.
i, REMRZEH S BER S YES e R RS
YRGS PFAS, X0 CFHEHUY EOF &
FHK T AT PFAS B A9
2.5 MEESHERH

B 5 4 il 4% b TF F0 TOF A B 30 5 AH
X PEAZ S 681 514 HE 1 a1 %€ T ) TOF
T A 20 mg/kg; MR EU REACH 7% # #2
RS EMAAMAHR T TF 58 (BERES
PFAS ) A3 50 mg/kg; SEEMMM AB 1200 5%
e W4k 5erls, TOF & AT 100 mg/kg.
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®5 48 MU TF. IF. TOF 1 EOF MITHFELER
Table 5 Screening results of TF, IF, TOF and EOF of 48 paper samples

FEbh = r TOF #t3¥(E / Eor
G fﬁﬁ%ﬂ-ﬂ_lﬁ/ RSD/% éﬁﬁ%ﬁj{lﬁ/ RSD/% (mg + ke ) fﬁé‘ﬁﬁ]{jﬁ/ RSD/% (EOF/TF)/%
(mg < kg™) (mg + kg™) (mg * kg™)
S1 39.85 3.64 <LOQ - 39.10 <LOQ - 5.02
S2 54.48 2.88 <LOD - 54.18 2.40 1.74 4.41
S3 35.02 1.38 <LOD - 3472 <LOQ - 5.71
S4 2435 2.98 <LOD - 24.05 <LOQ - 8.21
S5 15.87 242 <LOQ - 15.12 <LOQ - 12.60
S6 33.82 1.51 <LOQ - 33.07 2.28 1.87 6.74
S7 12.29 6.41 <LOQ - 11.54 4.14 2.61 33.69
S8 47.82 1.51 1.14 2.42 46.68 227 1.14 475
S9 14.53 1.57 1.58 3.41 12.95 5.47 241 37.65
S10 17.45 1.43 1.03 1.72 16.42 4.99 1.31 28.60
Si1 38.08 5.14 <LOQ - 37.33 <LOQ - 5.5
S12 4523 3.87 <LOQ - 44.48 <LOQ - 4.42
S13 65.76 12.32 <LOQ - 65.01 <LOQ - 3.04
S14 62.12 9.38 <LOQ - 61.37 <LOQ - 3.22
S15 4830 1.63 <LOQ - 47.55 <LOQ - 4.14
S16 35.61 4.82 <LOQ - 34.86 <LOQ - 5.62
S17 62.05 2.59 <LOQ - 61.30 <LOQ - 3.22
S18 23.25 1.97 1.18 1.67 22.07 <LOQ - 8.60
S19 25.11 429 1.37 2.41 23.74 <LOQ - 7.96
$20 2297 232 1.26 1.54 21.71 7.89 231 3435
S21 21.19 0.84 1.24 2.78 19.95 8.06 2.56 38.04
S22 2823 5.5 <LOD - 27.93 <LOQ - 7.08
S23 19.63 1.29 <LOQ - 18.88 <LOQ - 10.19
S24 51.46 1.28 1.89 3.40 49.57 478 3.22 9.29
$25 45.82 3.46 1.01 3.38 44.81 5.50 1.72 12.00
$26 49.16 1.10 1.49 1.42 47.67 3.84 1.67 7.81
S27 18.33 1.52 1.31 1.31 17.02 5.08 228 27.71
S28 68.18 6.26 1.48 1.89 66.70 3.98 1.07 5.84
$29 87.29 8.61 2.38 2.11 84.91 11.73 1.36 13.44
S30 14.43 438 0.98 1.84 13.45 477 1.87 33.06
S31 13.40 5.39 0.85 428 12.55 8.20 1.54 61.19
S$32 14.02 4.51 0.76 478 13.26 10.70 1.58 76.32
S$33 13.86 3.78 0.87 6.88 12.99 7.16 2.53 51.66
S34 14.28 428 5.04 1.05 9.24 <LOQ - 14.01
S35 18.32 1.33 3.23 2.60 15.09 8.43 1.12 46.02
S36 19.90 0.81 228 3.82 17.62 10.47 1.74 52.61
S37 13.97 3.40 0.77 1.42 13.20 <LOQ - 14.32
S38 12.50 2.16 0.88 6.28 11.62 3.83 2.42 30.64
S39 11.77 6.64 0.83 5.25 10.94 4.01 1.43 34.07
S40 9.44 1.23 1.15 1.84 8.29 4.02 1.30 42.58
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Ub

. TF IF e EOF
o RAWE, o ORERSE o AU (BOPTER%
(mg * kg ) (mg * kg") (mg - kg™)

S41 13.73 4.77 0.90 3.03 12.83 6.64 1.21 48.36
S42 533.77 3.41 2.11 2.62 531.66 26.17 3.61 4.90
S43 273.19 12.32 <LOQ - 272.44 12.23 1.75 4.48
S44 304.67 5.31 0.88 4.76 303.79 21.17 0.89 6.95
S45 330.22 2.14 1.31 1.26 328.91 12.33 1.36 3.73
S46 112.57 9.27 1.55 3.23 111.02 5.25 2.34 4.66
S47 213.54 11.39 <LOQ - 212.79 28.53 2.44 13.36
S48 339.70 2.88 0.81 4.11 338.89 21.99 1.89 6.47

Xof A I ) 48 i B 42 fik FH AR R AT A RLPE P f
(I 1) . 2% AB 1200 :%#) TOF fRE (< 100
mg/kg) , FTREFERE L BB i =l 85.4%, {UH
TR AL, AASAR AR, HEI L AT REAE T T 2R
 PFAS 1B K B B 350 4K Kk B EU REACH 7
L) TF FRiE (< 50 mg/kg) , BH&HFEH 70.8%; 1M
WHEFHEZ 1 TOF fRiE (< 20 mg/kg) ., GH&RICH
39.6%, KA UL 1) TOF & i P22 PR E .

SRR S S e e g I e
EOF & i (AR ALAE o 44 FRAURE EOF 5 &Ik
TPREZ b MBS PRI A8 19 20 mg/kg BREE, A #%
KIKFNT 91.7%, A 4 FhBHIMAC, 4CASHE H R o 22
Ko BSR4, EOF W BEA 300 £ T R AT
BEEMSE MY R AR . Hik, %
BT G S Al 45 EOF S MG FR 24545,
DA B4 Hl 51 Tl P £ Al PR AT S B B

600
1 e
400 +
K | L, D L U il
arl
o | U.S. AB
L T I T 11 [~ TOF<100 mgkg
£ sof
|
4o 60 I EU REACH
= i -t B T I IS Rty (N ATV [T TF<50 mg/kg
40 pag - - HE- B -
20 Danish
i “1 1511 EEEEE R NN B Y e P BT I B W T TOF<20 mg/kg
0
S1 S3 S5 S7 S9 S11S13 S15 S17 S19 S21 S23 S25 S27 S29 S31 S$33 S35 S37 S39 S41 S43 S45 S47
S2 S4 S6 S8 S10 S12 S14 S16 S18 S20 S22 Sé4DS26 S28 S30 S32S34 S36 S38 S40 S42 S44 S46 S48
o
TF; mmm TOF; mmm EOF,
1 48 Fh4EHERY TF. EOF 1 TOF HELHR
Fig. 1 Screening results of TF, EOF and TOF of 48 paper samples
3 Q_—_big;_ 4 0.75 mg/kg; MR N 0.5 g, PR IR TS
=A A

AT T B Sl 4E TF . IF A1 EOF il
FE B TR H AR . BRI 3 Rl il
SETTERAT RIFEIESCR . SRS 02 g, ER
A& F4 100 mL B, TF J7 3% 1) LOD 4 2.50 mg/kg,
LOQ 4 6.25 mg/kg; MFRFEE N 0.5 g, FEBUE A
BUM 30 mL B, IF J6A9 LOD 4 0.30 mg/kg, LOQ

10 mL, SEZAAFN 100 mL B, EOF J7:H) LOD H
0.50 mg/kg, LOQ 4 2.00 mg/kg, 3 FhJy Behmbr [l
HH 80%~120%, HEHEEH/INT 10% (n=6) , Jrid
ST M 5 AT R P o RO 3

XiF 48 Filvita TATHSCAE 1 £ it 2 ok FH AR A T 907 1Y
i 5 A A BT . R v EE B T TR ARAS 1) TF
TR D ERE, FTRESA EBINM S PFAS RSBl
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RIA G, S 7 B R EOF & i, X IESh
FERFIFEE S 681 57A4 B AL (TOF < 20 mg/kg)
PR ACRE AR RAUN 39.6%. Bk T H AT AlsA]
Ak PFAS W, il 4t TF. EOF JJi
55 PFAS Z Al SRR T R AN FIRF S, Atk —
A ] E AU R Tk PFAS A MR W%
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Determination of Fluorine in Food-Contact Paper by lon-Selective Electrode Method

LU Shigiang', LIU Nengmu’, ZHAN Yuting’, YANG Qinghua’, LIN Qinbao’, MA Hongsheng'

(1. Zhuhai Hongta Renheng Packaging Co., Ltd., Zhuhai Guangdong 519070, China;
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Abstract: To strengthen the regulation of compliance concerning perfluoroalkyl and polyfluoroalkyl substances
(PFAS) in domestic paper packaging industry, a determination method for total fluorine, inorganic fluorine, and
extractable organic fluorine content in food contact paper was established by utilizing various sample pretreatment
techniques in conjunction with ion-selective electrode (ISE). Subsequently, the established methods were applied
to screen paper samples collected from the market. Three fluorine determination methods exhibited good linear
correlations. The limit of detection (LOD) and limit of quantitation (LOQ) for total fluorine were 2.50 mg/kg and 6.25
mg/kg, respectively. For inorganic fluorine, the LOD and LOQ were 0.30 mg/kg and 0.75 mg/kg, respectively. For
extractable organic fluorine, the LOD and LOQ were 0.50 mg/kg and 2.00 mg/kg, respectively. The recoveries for
all methods ranged from 80% to 120%, with precision values below 10% (n=6). Screening results revealed that total
fluorine content in 48 food contact paper samples varied from (9.44 + 0.12) to (533.77 + 18.20) mg/kg, with a non-
compliance rate of 29.2%, compared to the EU limited requirements. More than half of the paper samples did not
comply with the Danish regulations for total organic fluorine content limits.

Keywords: per- and polyfluoroalkyl substance; food contact paper; ion-selective electrode method; total

fluorine; inorganic fluorine; extractable organic fluorine
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