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WA IE H 25 /4% . LRI 2021 4£5256E R AB 1200
2 E B AL A FLR S AN R T 100
mg/kg!"”, BB AR 1 (EU)2025/40 625 40 25
FPIEHL) WK PFAS BREFR{E I E N 50 mg/kg™.
AR, ENASCHGURA UG IL R E T 6 bl 4 i
FH4tH B9 (total fluorine, TF) . SA HLIEAN AT 2
WA ML (extractable organic fluorine, EOF ) 46
D (AR M A G TEGE— £ e i R AT
A AT LR PR AR, Al xR 95 G iR
SR TBA B

AT & e ) AT R Rk H S AR R T
DS A JEUR AR, (SRS I s it e A 552 A R Sk
B, DR R 2 Ny T 2 R T [ A SR ) RS
W J5 ¥, A. L. B. Forster 55 ™ | Fi| 43 it PFAS 4 1
mn AL 7RISR IO AL ARSI vk, fRbE - BT
6, %% 75 (combustion ion chromatography, CIC) [
SRS T IR E 0.5 pg/L (VRN 500 mL fRERL ) o
B3Z )5 02 2= FLA M T 348 . B. L T. Idjaton 45 %
HET T & B b EOF 1 CIC Al 5 i, I8
TR 0 3% 5 i B¢ 75 (liquid chromatography-mass
spectrometry/mass spectrometry, LC-MS/MS ) X} CIC
Rz Rt rigke. SAm, DL RSP RCA TR CIC
J5 PR EOF AR, HiZzJrik WA T
AT it

FEF M, ARSI CIC X6 i 2 fil 40 &
fif] 44 J5ORE H Y B L. JE AL R (inorganic fluoride,
IF ) 1 EOF & it JEATAG I, FRGEr ke il b ol & i
B AT RRAE . [R) BRhJ LA AU SRR b — 2 e PRl ik
( oxygen bomb combustion ion selective electrode,
OBC-ISE) , FH¥ 5 CIC Kl A8 s E 47 %F H 1A
AL B RRIPERE SRR, DL RIS 0
IR N1 = VAR I | R NAAE S i i A it
MBAMAE

2 SLIGER4Y

2.1 #HES5EH
2.1.1 ARERHRKM

JOKBRBREN . BRIR AN . A LA, oo
af, W ARTHL TR BRA E s B ARHER IR (T
I 1000 mg/L, BRI MEAIK) | SRAER
( perfluorooctanoic acid, PFOA, 4% =T 99% ) ,
W 22 e AR AR R A BR 2 vl 5 S i B 7

ZEoPi (TISAB M) , W H KA FRAF]; JOKLEE,
SMTAl, T A PR R A BR A H AR WA,
AT 99%; S2E6 /K Milli-Q #B4tiK, i
T3 o S BRI
212 H&

AWFFECRE TR A 3 FA = A& 5 4t
T FEXH IO [ AR JRORMRE &, ELRAH G S B L3R 1.

K1 HEmHEXER

Table 1 Sample information sheet

AT &AL
FEfh S K2R FEfh S FESh 2R
ASI H il %% AR1 BH S FIE A
BSI FRIATEAC AR2 FKTER
BS2 FARU AR3 WA
BS3 FRIATEAC AR4 iz £
BS4 PR AL AR5 WA Bl
BS5 AL BRI FH B8 - SR P M e
BS6 LI BR2 WEYE TR 20T PVA
BS7 EI 4 BR3 FOKRTERY
BR4 WA
BS8 4L AR
BR5 AdbiEsy
BR6 =5
BS9 ot PR
BR7 B
CR1 %
BS10 4t s
CR2 5 A8
CR3 R H B TR
CS1 i .
CR4 FE 8 B AT
CR5 R TRk
CS2 i N
CR6 by

213 MNEHEE

930 Combustion IC PP (AJ) HIZELEBhEE - 55 1
{4,3i% 1 Metrohm 930 Compact IC Flex & F {4151,
W A Fi L0738 v A R R B G PXSI-216F %k
FEFIT. PF-2-01 B R FiEFF il . 232-01 7Y
HRZ R T-818-Q ALREHIML, W H FiFFY
HLRR AR IR A PR W) 5 Parr 1911 B FRIALEFE
i A g 35 [ Parr {X B2 s KQ-5200E
AU AR VERL, 10 A ARSE TR B A s A PR A
Al; ME1043 BUH T30 KF (JgE 0.0001 g) , 1
A RER) - FER 2 EERA FRA R UP RIEBLEKHL .
LC-DCY-12SF BUARIR AR AL, W [ i R
PO RHCA R A |, RV .08 (50 mL) , 1
H R CHERA Rl Je e 66 1 i (AR s,
13 mm, 0.22 pm ) , W [ R EEHE S0 15 45 A PR F;

-31 -



[" €1 %= = f PACKAGING JOURNAL
2026 £ £ 18 & F 1 B Vol. 18 No. 1 Jan. 2026

TR (5mL) , WA FifERESR A& L
BT BR2A Fl o
22 BiEBEH

1) S FhRfE TARR R : B HL S mL #U Fin
HEV T 50 mL 75 f i, FH 25 85 7K 8 25 B i 100
mg/L FE THRUERE T, T VKA 4 CRIRIAAE. fff
FHEF, A 20 mL S o B g2 vl LS
TKBHRFRE, FHIR 1, 2, 5, 10, 20, 30, 40, 50, 100,
200, 300, 400, 500 pg/L (AIFRES TARME TR

2) PFOA HRifE TAEVE W : VERIFR I 72.65 mg (OF
i % 0.001 mg ) PFOA #iK, HLBEE A HL R+
RN 1000 mg/L () PFOA #Rufifil &5, TvkA6
4 CHIRARAT o (I, A R A H bR B 1
PFOA HrfE TR 1
2.3 HiREFHE
231 HEFLE

BUMARESLBIE R 5 mm x 5 mm AR, [EAE
BHE SRR RS , PR 4t es , SRS E
30 H (fL42 600 pm ) ANEEWBRUET 7320, BT A FE b
Bior e PR R UER R ET FOR, A TE IR
{IERITEZS T
232 AMRALRTLE

HEREFREL 3 ¢ CREAfE 0.01 g) RESTRA B O

W, A 30 mL REAiK, B RS EEENL, T
25 CEMFHEE 60 min, I AL iR E, I8
W T 25048 TRk R IR AE, R
2.3.3 THRIUAEHRA R LR

HERIFREL 1 g KSR 0.01 g ) FESRA B O,
A 10 mL CFE, B TREAEHERILT, T 25 4%
PFTF4EE 30 min, #E 30 min J5 F G 1 B4R HS
mL FVEW, SR AR BT FHEHER 1
mL, WRARBSCER T 2508 RO A, R
24 WUBRIHFZE
241 BF &#EFESH

CIC RS an & 1 fr7n, Ho iy 78 & R B8 o Fn
Metrohm 930 Compact IC Flex ZHA{. S FRE I B
J5& 20 mg [EARFE SN RE; TCHL IR DA K SEBOR B 0
APEHCA LA R OB ORI AR 2 T e el o #%
P gt FAL R OIS, A IC #1740 HT
BT FURE T AR IR . A% A A Metrohm A
Supp 16-150/4.0 (4.6 pm, 150 mm x 4.0 mm ) ; A&
PO GRS ; WA 0.8 mL/min; PERER A 200
uL; BB A 7.5 mmol/L BREREN 5 0.75 mmol/L fik
fig SANIR ARG FEAETRCA 60 mmol/L iR ; MK
S 1050 °C; AUHHCN 100 mL/min; A
4300 mL/min; WIS R 100 mg/L 3 S840 S

|7t ke e RE R (EOF )|

7 A N
| ke stereRam (TF) |
A
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eor] ——
Al
B [ s, | W

oKl UiThelid
ICof Al
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Fig.1 1IC-based TF, IF, EOF analysis workflow
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242 BFRBELBFTEIN

i 2 RPN W TR W SO
£, I LB KRR B NRE R 100 mL 454t
i, ERTRS) G R o HAR 2R G446 S T e
HRZ B, (#H TISAB I 28 i, 5E 55440
pH=5~5.5. JRJE (25+2) C. FIRBERMN: TTH
J£7/1 2 MPa; FREER 0.20 g; WRUSISHE] 40 min; Jo/k
LRI 0.04 mL; & ZAF 100 mL; 10 mL
B WS (1003 mol/L R 4M +0.03 mol/L Ak ik &
) .
25 HEAE

J T ¥ BAR AT Y PFOA & ik 17 bde, 75
FE TR B AR AR AL W0 A 98 Tl PFOA YR %
PR M, AR (1) 1 (2) o AAFgEH
PFOA HJ# & i 68.83%.

_ Cxxfo’

c, ==x"12" 1
T 1000xm ()

A G MM RS, mekeg; Cx AN AY L
WGBTS, me/L; OB 55 Vv ke
WOE AR, mL; 1000 BN IR ZEG m it
FHFEM LR, g0

TOF=TF-IF, (2)
Xf. TOF R B G HLE & & (total organic fluorine ) ;
TF NGRS IF N LS .

3 #HR5R

3.1 AT EEFHRYRIL
301 REBRBEF XML

SR PEAR PR O BRIE EN 14582 AT AE . 1%
T AU AR ) o R e, i ik 224
FEA SRR, ATDRAAE S b B SR A o g A T
G3HT. AR A AR S MELUR B B TCHL AT
S FEORE S OV s LIRS R, DA T 52 i SR AL
W 5e Ak . A s RN R EE | AR HERE S TE ke
TH T S IS i B Al ke s E . R, 40
GRS TE R e R 5 R A BRI G, T RE Rk
BRATRE AL G, R A DB R

GAEIEEHER, EHBMACH RIS, D
TooK BEAE R BRI, I S sk e 25 R A AL Ak
5, BRAREAPATIRE 3 U W IRE AL TR
PEERAMZE R B HERRE SO IR TR, AR ST RS
BRI (ECOH AR ) | AR W)

—-33 -

FESFRAE G 4 D OCHESBGHTTIAL, 255K 2 PR
H AT AL, YI0K CEEERFATCR 0.04 mL B, 45
B A B, Z PR TECmm ks, AR P EES
JEWE N 2 MPa. WIS [ A K %2 40 min B, 5
A2 b, (EARSEAE K B (] DU 4 3R AN B 52
FREER 1R, 7E 0.20 g AP R IE A RIS, a2 0
W, T REREE SRS T 40 T B IR T B
g5 b, ARARESEERBE N S5 1R . TR SRR A
F10.04 mL, &S5 JE 2 MPa, WEULHTE] 40 min, FR
FEHE 0.20 g

—e— BS4(P=2 MPa, m=0.2 g, (=30 min).,
= 140t
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g

g
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—e— BS4(P=2 MPa, =40 min, /’=0.04 mL),
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—
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T
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sample weight/g

d) FREER
2 4 fpFEEI OBC-ISE & U{E M
Fig. 2 Effects of four variables on OBC-ISE
detection results

312 #HAKHEEHRE

CIC FEIAT A b FI AU sl LA,
FTLUMERESATE 1050 °C. & ARG T 7o o, feff
FACIEFAC R T o SRR e BN A A (4
WAk AZIE 55 ) B B, RS Ak
HE, WFFE i e A SR A A A (42 TR TR 2 4 DX
R, EBUR AR &0 20 mg.
3.1.3 ARk

B 7ol W = SRy iy Y W NS Rl E N R YK
IR e MU o B SEPRERVE /K B R PT RETC I 58 4
WIS T, DN B 4 R . Oy Ttk n) @il
OBC-ISE Wi Wit 8 36 FH B 1 W MO, CIC W MAC R 32
I EACEEI, AT B R

SEBRAGIN A R A AR A SRR L
T HOKI VR SR AR, R R DR X A 1 D
22N, A
3.14 THRERHMRRBGHRAL

AR ML BB R A E—E AL, T2
FFEE R S R PR AR R, TES TR R &
PRSI T 2R T B R 2 TRy i, 380k
WRT BT A AR TR 2 AL, RBFEM IR, X
— IRGIETE BCAT SRR ML BRI AT . AEXS A
WO 2240 m iy FE RN, RITZA BRI i s 6]

A. Zdziennicka % U SR, L BEERAEA KL
AT MRE ) FEEH CRE PSSt . B4R
. PR RSN RE o i Z I RS G I 5 E
SERETH, ARFCR MR Z RN =, R
PR RARTR, IR AT FHREE RS YRR T o G4,
R. A. Weed % PV A58 3B, RIS I HLSUINAR B

R ARIEAS TRt T RE S AW R p R 5 &
£ PFAS HURA G, AUl AR M 4 35 R T4
DL DR
32 £MEE. HHRREEER

TR AT, X — R GIAS R v B 1 9
B AR A R B /N ek, DA e 1T AR
(Y,) XS F R REERE (X)) FMBAME (Y,) X
R T IR R (X)) I TAEG, SRR
HETAEM & mIH R, EbRiE TR WD, M4
3 AR MR LL AN 10 545 W Lo X 1 v B 433 15 1C
ARG B (limit of detection, LOD ) FI{Y &% R
(limit of quantitation, LOQ ) . H#& 10 YKAF: M %S
M 1 L A~ B RS 22, 43 0 ASE3{EDn | 3 £
D 22 1 10 A5 b o Qi 22 BT 6 R vk T 1450 ISE K
PR AE R . S50 RM, PRSI 9RES F LOD
FILOQ 7359k 3 ug/L 1 5 pg/L. 4845 IF 19 1C J7
A PR M 0.05 mg/kg; TF B CIC 1 OBC-ISE 5 ¥
K PR E M 12.5 mg/kg; EOF B CIC J5 B Hi PR
7 0.56 mg/kg. AR FACEMZLER 2. Wi
HERE Z2 ARV B B VA TR B0 AR S, i T
T T PR SR T A S5 (R R IR 29 3.83
min, FES IR E TRk RN E 3 R, BRIGE T
ZHh, AR IR
F2 ENBOABFREMEMNEEFTEMEXER

Table 2 Regression equations and correlation
coefficient of fluoride ion

€0 PRETAERIZE  RMEER (ugL™) ARRECH)

Y=-50.6125 X+

o 10~100 0.9993
it 397.728
Y=-56.2196 X +
ik 100~1000 0.9998
409.726
Y=0.003 55 X -
0,006 98 10~500 0.9991
o it N
ATER 000291 x-
200~4000 0.9993
0.804 37
—IE
o
B
i
11&

0 2 4 6 8 10 12 14 16 18
[ 18)/min

3 EmbANETFEILE

Fig.3 Ion chromatogram of the sample
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3.3 REMESHRERE
2 18 3 [ A At b [R] IS AE TR TR S O TR 4H
Gy, BEBUSL AN AR ( combustible sample,
CB) , %451 R A "] #& ¥ i (non-combustible
sample, NCB) , 23l AT inbridse . Tl e
S TARUEBB BEIAR , S IR AT SR O B
L PFOA i i) SRR BE bR, ] I35 B 25 11 1 0
TREAE T SErE . TASMRE T E &, IR K F-HR
ME 3 U, NBRES PR EIIER SR AR AR
2z (RSD) 45503 3 FyR. HRERATAL, FES AR
[l H 70.40%~117.22%, RSD < 10.35%, iE4%
DA IR B R FLURS % B R4
®3 BHEHMFREEEMANRERE (1=3)
Table 3 Recoveries and RSDs of fluoride for each

analytical technique (n = 3)

B e bR RE /
WA ok R U s oy RSDI%
(mg'kg )
0.2 70.40 1.75
ThlE 1C AR 0.5 97.71 4.86
1.0 86.68 3.54
10.0 93.19 521
OBC-ISE A% 20.0 83.51 5.44
40.0 85.86 3.63
10.0 113.94 242
SR AR 50.0 83.74 225
400.0 87.23 6.64
CIC
i 10.0 90.37 3.51
ASATRR
50.0 85.28 235
400.0 117.22 5.83
- 8.0 72.52 9.80
Al FEHL
CIC EES 14.0 113.28 8.19
HHLE
70.0 80.93 10.35
34 BRSO

AP FE T ST B 5 0 13 Rl 2 Ak FH 4R
FALXF I 18 FhEMARFRHRE S AT 31 MRS i 78
S ERIGE ., SR (EU)2025/40 HH5 2 E
AB1200 ;2 e BRAERRE (435104 50 mg/kg Hl
100 mg/kg ) , XFFE S YRS A #ET0 IX, FFPE
il A J2 OBC-ISE H1 CIC WA 7 74 AR i
ZERANE 4~5 FTR .

H & 4~5 m] AL, RIS 3 i (< 50 mg/kg)
FESLES, OBC-ISE (4l E b CIC 9 s Aar il s 38
i (=100 mg/kg ) FEA I, OBC-ISE 446 il {E

I CIC B R MR A A s HA S A 0% 528 50~100
mg/kg BF, IR L ORI F23 . X 50 40 A
(4n BRI Fl1 BR4) , PRI 732 o kel 45 5 AH 22 ok
50 mg/kg, FEEFERAE ARG R AR E TR
RCTRURE: b T R A rh g | A ST G 5 500 O 55
RN ATERRE S (AR ) IR 4 . 3R
A FEAGIME G LA EZ5RE, CIC ks
G I 8 8 Sk B A B RIORS 4% 2 214 T OBC-ISE,
JEHGE T HA R . 2 A e LT A BRbe Y [ (AR
fho AHELZ T, OBC-ISE Z R FHABE S, wELLE
1 J52 B g A it 14 S B 5 8

150 I CIC; I OBC-ISE;

130
110

i
OO
f=

70
50 -
30

12
10
8

fluorine concentration/(mg-kg™")

6
4
2
0

AS1BS1 BS2BS3 BS4 BS5BS6BS7 BS8BS9BS10CS1CS2
sample

E4 ZREFRUIHRGEMARAERIRSE
Fig. 4 TF contents in food-contact paper samples from

three manufacturers

I CIC; I OBC-ISE.

fluorine concentration/(mg-kg™")

0 ¢
N XaHad 596 X
?g?g%gﬁ %%Q%S%Q%&%?%Q@( %,Q:; X EQ”

sample

5 ZREFEUVHEKERERERRE
Fig.5 TF contents in solid raw material samples from
three manufacturers

FEM BRI S BRI R B, DA AR
OBC-ISE il 75 i) 5. 960 % 4 B WA T [R] —F¢ 44 i CIC
Krm(E . Rl , AWF5E LA FFE i AR4 F11 BR4 A,
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H R bR R 1 HE B BRI P48 CIC bR etariml
ZERME 6 frn. tEI R, BRE b R e
{5 T IHT OBC-ISE RUGINE . iX—¥5:%W], OBC-
ISE ZEK I = S & IOl (i Ak a ) B AR
FMERBR, W ReR R A b R A,
OB TR SR AL, T BR4 R ) CIC A
B 2 3 TR RE R CIC e, FTRE M Tk 5 ot
RO R A S R R TS LA T R 2E

AHE5E K& B, OBC-ISE J5 ¥ 7 Kl = 98 TCHLRE
b A e SRR B4, X5 L. Schultes % 2 X
FRAC LR T BRI 1 2518 40— 3. ©7%5 EN 14582
PR, ASBFGRHRH DL b s Ak bed it
FAESIENZE 2 MPa Ll b, LURTHERBE IR E fiog 4
PE; [RIEF, T3 PR B R A5 T/ N HLIAVE o = 1A Bl
PIVER BRG], DABCERRR AT E R R ROR
[Fi] s ikt D> pl B AR e I AR AT B SN i

[ CIC; [ OBC-ISE;
[ CIC from residue in the crucible after OBC.,

689.04
700 653,77
7, 600F 574.98
~
o
£ 5001
E 419.75
E 400}
£ 27.5
2 300
3
2
£ 2007 58,
= 100}
0 AR4 BR4
sample
6 SHEFEEME CIC, OBC-ISE FIS#MER CIC
H MME B 3T L

Fig. 6 Comparation of CIC, OBC-ISE and CIC after

OBC in samples with high fluorine content

3.5 WMEELN

e 7 JR N TR fk FH AR AST R X B 1)
A JERE B ART-ARS (AT HEBCH LI, JCHLI &
MR R, IR TR R A PR A R R Y TR
o HOXP A AR BETE LR 6, R IIE AR T
e R IREHU S

SiAE 7 53 6 BRI A, 6 FPRE AT R
LI (EOF ) ST 1.04 mg/kg, JTCHLE S HIG
i LA (AR4) 28 6.26 mg/kg 4, KT
1 mg/kg,

TE = AL (AR3 F1 AR4) 1, HLE A B

M TTERFE AN LT 1%; ZEMRGBUE L (40 ARS) i,
TOHLFXT B BTk L 14.90%, (HHSZPR &AL
7 0.88 mg/kg. KU AL AL IR E L LIA LRI A
FE1E, TOF Al CFRILEF K.

TG FE S 0 R B2 BOA ML S AR T O vk
FR (8.0 mg/kg) , Hff AR1. AR4 Al ARS AR IAE
T2 i, 40FE (AS1) FIFEMEE (AR2) fn] 4R
B LA SR DT BR 8 42 0 10%,  SEPR S 430l
2457 1.04 mg/kg F1 0.73 mg/kg, AL THARAKN; H
ARFE S AT AL SR otk TF 0.2%, 5 L.
Schultes 4§ ™! (ffF 7T 45 FAHIEA.

w-—mr—7
680} } ]
__660F
T, 6401
Z 620f

160} ‘ 1
140} ‘

120} . \ ‘ |
100+ ‘ { |
80+
60

fluorine concentration/(m

40 Tvd—Jd- & = |
20 305% 13 g4 =y _—
200 gap0, prot B8 o 091% =
e 000% - o=y %o% TF

10.85%

sample NO. ARS
B7 SH&TRIAHNR. TARSERAM
SEMERE

Fig. 7 Contents of EOF, IF, and their contribution to TF
in each sample

Fo HmEAR. TR, TRERANRHMER (2=1)
Table 6 Comparation of TF, IF, EOF in samples (n = 1)

AR/ (mgke™")

EvE s A

B TeHL3R ATHRICA B
AS1 12.37 0.25 1.04
AR1 7.94 0.24 0.00
AR2 6.69 0.93 0.73
AR3 174.03 0.25 0.25
AR4 689.04 6.26 0.00
AR5 5.89 0.88 0.00
4 25

M B AER S RIS, AT T
S LM — BT (0 0510 1 46 81 PSSR 2
Rl ik, I RS — B T RE R AT T
WHH. S5, EHRES - BT TR bk 2 IR

- 36 -



D] EWE, F
AREMARREEKRN RS BNHERR

g1

THRBEIREE SRR, MELAERIE 5 TG
HURERRAOFRCS 5 W TRGAE L, Rl BB T AR
BRI e A PP A 9 . FEARIRE - B T (i Uik
TR PR SO E IR TEALIRAN AT 4 O LU Tl
B H B gy ) PR P I, ) A SR X
FEMRTR LR ZOR , FFHA SCRA T FRAE WA A
BB . SR, TELRMARE - BT IS ] SR
A BRI AL BRI 26 P Ty e fl . AESE
REAEOREA IR, AR AR — 25 583 nT I HLIR
BIAEBETZ0 . §RFEATE R, RS EPAE
4 SR B FRAE R oA

S 3k

[1] BUCK R C, FRANKLIN J, BERGER U, et al.
Perfluoroalkyl and Polyfluoroalkyl Substances in the
Environment: Terminology, Classification, and Origins[J].
Integrated Environmental Assessment and Management,
2011, 7(4): 513-541.

[2] KOCH A, ARO R, WANG T, et al. Towards a
Comprehensive Analytical Workflow for the Chemical
Characterisation of Organofluorine in Consumer Products
and Environmental Samples[J]. TrAC Trends in Analytical
Chemistry, 2020, 123: 115423.

[3] BENTELMIJ, YUY C, XULH, etal Defluorination
of Per- and Polyfluoroalkyl Substances (PFASs)
with Hydrated Electrons: Structural Dependence and
Implications to PFAS Remediation and Management[J].
Environmental Science & Technology, 2019, 53(7):
3718-3728.

[4] FORSTER AL B, ZHANG Y, WESTERMAN D C,
et al. Improved Total Organic Fluorine Methods for More
Comprehensive Measurement of PFAS in Industrial
Wastewater, River Water, and Air[J]. Water Research,
2023, 235: 119859.

[5] skmeds, 2B, if & . KL IMBoKiEh 4 £
TLE R G W 25 R RN RS S0 A RRAE [J]. 23 Bl
i, 2024, 43(8): 1204-1211.

[6] TRIER X, GRANBY K, CHRISTENSEN J H.
Polyfluorinated Surfactants (PFS) in Paper and Board
Coatings for Food Packaging[J]. Environmental Science
and Pollution Research International, 2011, 18(7):
1108-1120.

[71 XU Y, NOONAN G O, BEGLEY T H. Migration
of Perfluoroalkyl Acids from Food Packaging to Food
Simulants[J]. Food Additives & Contaminants: Part A,

2013, 30(5): 899-908.

[8] VAZQUEZ LOUREIRO P, NGUYEN K H,
RODRIGUEZ BERNALDO de QUIROS A,
et al. Identification and Quantification of Per- and
Polyfluorinated Alkyl Substances (PFAS) Migrating
from Food Contact Materials (FCM)[J]. Chemosphere,
2024, 360: 142360.

(91 AkENOR, WM, B Fh, 4 gt AR
RSB YRRV PR S AS I B AT 1 J
D). Erib R AR A4, 2024, 42(6): 25-34, 67.

[10] IGNACIO M C C D, CURTZWILER G W, EARLY
M R, et al. lon Selective Electrode (ISE) Method for
Determination of Total Fluorine and Total Organic
Fluorine in Packaging Substrates[J]. Methods and
Protocols, 2023, 6(1): 10.

[11] ZDZIENNICKA A, SZYMCZYK K, JANCZUK B.
Wettability of Quartz by Ethanol, Rhamnolipid and Triton
X-165 Aqueous Solutions with Regard to Its Surface
Tension[J]. Colloids and Interfaces, 2023, 7(4): 71.

[12] IDJATON BI T, TOGOLA A, GHESTEM J P, et
al. Determination of Organic Fluorinated Compounds
Content in Complex Samples Through Combustion
Ion Chromatography Methods: A Way to Define a

“Total Per- and Polyfluoroalkyl Substances (PFAS)”
Parameter?[J]. Science of the Total Environment,
2024, 932: 172589.

[13] MOFOKENG N N, MADIKIZELA L M,
TIGGELMAN I, et al. Determination of Per- and
Polyfluoroalkyl Compounds in Paper Recycling Grades
Using Ultra-High-Performance Liquid Chromatography-
High-Resolution Mass Spectrometry[J]. Environmental
Science and Pollution Research International, 2024,
31(20): 30126-30136.

[14] COPERCHINI F, AWWAD O, ROTONDI M, et
al. Thyroid Disruption by Perfluorooctane Sulfonate
(PFOS) and Perfluorooctanoate (PFOA)[J]. Journal of
Endocrinological Investigation, 2017, 40(2): 105-121.

[15] BLAKE B E, FENTON S E. Early Life Exposure to
Per- and Polyfluoroalkyl Substances (PFAS) and Latent
Health Outcomes: A Review Including the Placenta as a
Target Tissue and Possible Driver of Peri- and Postnatal
Effects[J]. Toxicology, 2020, 443: 152565.

[16] GLENN G, SHOGREN R, JIN X, et al. Per- and
Polyfluoroalkyl Substances and Their Alternatives in
Paper Food Packaging[J]. Comprehensive Reviews in
Food Science and Food Safety, 2021, 20(3): 2596-
2625.

[17] CA State Legislature. California Assembly Bill 1200 (Prior

-37 -



[” €1 %= = f PACKAGING JOURNAL
2026 £ £ 18 & F 1 B Vol. 18 No. 1 Jan. 2026

Session Legislation)[S]. California: [s.n.], 2021: 1. 2024: 5-14.
[18] Official Journal of the European Union. Regulation (EU) [21] " E AR . &SR 4E . Ao R 4R b R
2025/40 of the European Parliament and of the Council of LRSI E . T/CNFIA 190—2024(S]. dbat:
19 December 2024 on Packaging and Packaging Waste, P AL, 2024 5-11.
Amending Regulation (EU) 2019/1020 and Directive [22] WEED R A, BOATMAN A K, ENDERS J R. Recovery
(EU) 2019/904, and Repealing Directive 94/62/EC[S]. of Per- and Polyfluoroalkyl Substances After Solvent
Brussels: [s.n.], 2025: 39. Evaporation[J]. Environmental Science: Processes &
[19] [ AR o . B i i At P 40 4 B 4Gl 5 b vt Impacts, 2022, 24(12): 2263-2271.
B LR S BRI E R R - BT Tk [23] SCHULTES L, PEASLEE G F, BROCKMAN J D, et
T/CNFIA 189—2024[S]. dt mt: = = b i H b4k, al. Total Fluorine Measurements in Food Packaging: How
2024: 4-15. Do Current Methods Perform?[J]. Environmental Science
[20] [ FAARARE . B S EEAl AC . 4UH B 4T s & Technology Letters, 2019, 6(2): 73-78.
T I E TR MRS - B T AR - i B
T/CNFIA 191—2024 [S]. db 5. [ 45 e H AL, (e, 224)

Screening of Fluorine Content in Food-Contact Paper and Solid Raw Materials

ZHAN Yuting', CHEN Guanming', YANG Qinghua’, QIU Xiaoyu', LIN Qinbao', MA Hongsheng’

( 1. Institute of Packaging Engineering, Jinan University, Zhuhai Guangdong 519000, China; 2. Zhili Keji Co., Ltd.,
Guangzhou 510000, China; 3. Zhuhai Hongta Renheng Packaging Co., Ltd., Zhuhai Guangdong 519070, China )

Abstract: Per- and polyfluoroalkyl substances (PFAS) have attracted widespread attention due to their potential
risks to human health. In order to achieve source control and accurate assessment of fluorine content in food contact
paper and its solid raw materials, a combustion ion chromatography (CIC) method for fluorine determination was
established, with oxygen bomb combustion ion selective electrode (OBC-ISE) as a comparative technique. The
fluorine content and distribution in different sample matrices were systematically analyzed. The results showed
that the quantification limit for total fluorine (TF) was 10.00 mg/kg for both CIC and OBC-ISE, while that for
inorganic fluorine (IF) and extractable organic fluorine (EOF) were 0.20 mg/kg and 8.00 mg/kg, respectively. The
spiked recoveries ranged from 70.40% to 117.22% with relative standard deviations not exceeding 10.35% and the
correlation coefficients for fluoride ions not less than 0.9991, indicating good accuracy and precision. Sample testing
revealed that the TF content in paper samples ranged from 0.00 to 135.15 mg/kg, and in solid raw materials from 3.49
to 689.04 mg/kg. The EOF in samples from the same manufacturer ranged from 0.00 to 1.04 mg/kg, IF ranged from
0.24 to 6.26 mg/kg, and TF ranged from 5.89 to 689.04 mg/kg. The contributions of EOF and IF to TF were both less
than 14.90%. The CIC method demonstrated superior accuracy and stability in determining TF, IF, and EOF across
different matrices, meeting current standard requirements and suitable for limit evaluation. In contrast, the OBC-ISE
method showed limitations in accurately reflecting the actual fluorine content of high-fluorine inorganic samples due
to insufficient combustion temperature and low gaseous fluorine release efficiency. This study could provide technical
support for source control of fluorine pollution and the establishment of limit standards in the paper industry.

Keywords: food-contact paper; ion chromatography; total fluorine; total organic fluorine; extractable organic

fluorine
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