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Determination of Fluorine in Disposable Food-contact Bio-based Plastics by
Oxygen Bomb Combustion-ion Chromatography
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LI Dan’, ZHONG Huai-ning

(Guangzhou Customs Technology Center, Guangzhou 510623, China)

ABSTRACT: The work aims to establish and optimize a method for the determination of fluorine in disposable
food-contact bio-based plastics (hereinafter referred to as bio-based plastics) by oxygen bomb combustion-ion chroma-
tography, and analyze the fluorine content of commercially available bio-based plastic products. The oxidative decom-
position of bio-based plastics occurred at high temperature by oxygen bomb combustion, and the fluoride was converted
into free fluoride ions, which were absorbed or dissolved in the absorbent solution, and then eluted with 5.0 mmol/L
sodium bicarbonate and 1.0 mmol/L anhydrous sodium carbonate solution as the mobile phases, with an injection
volume of 20 pL and a flow rate of 0.8 mL/min. The determination was carried out on a Metrosep A Supp 7 column

(250 mmx4.0 mm, 5.0 pm) and Metrosep A Supp 5 Guard column (50 mmx=4.0 mm, 5.0 um) at a column temperature of
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45 °C with a conductivity detector, and was quantified by external standard method. The correlation coefficient for the

determination of fluorine content in bio-based plastics by oxygen bomb combustion-ion chromatography R? >0.995, the

limit of detection (LOD) was 5.0 mg/kg, and the limit of quantification (LOQ) was 10 mg/kg, with good linearity, the

spiked recoveries were in the range of 93.8%-98.4%, and the precision ranged from 2.9 to 6.8% (n=6). By quantitatively

analyzing the fluorine content in 119 actual samples, the overall detection rate was 94.11%, and the overall failure rate
was 15.94%. The detection rate in PLA straws, PLA+PBAT straws and PLA+PBS straws was 100%, and the failure rate

was 45.16%, 30.77% and 5.88%, respectively. The method is reliable, convenient, sensitive, with good separation effect,

and suitable for the determination of fluorine content in bio-based plastics.

KEY WORDS: fluorine; ion chromatography; oxygen bomb combustion; food-contact materials; bio-based plastics
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Wi, S AL ABR A R

1 SLI8

1.1 FE5RH

FEN AP IEIRARL = s 31 3K PLA IR . 13 3K
PLA+PBAT W45 . 16 3k PLA+PBS % | 10 3 PBAT
SHRPRLF | 8 3K PLA ¥ELRIF . 11 3K PLA+PBS %k}
Fi . 8 # PBAT 4% | 8 3K PLA #iiid% 7 K PLA
JIX. 6 3 PLA % &, YR AR5,

FEALLS . 930 Compact IC Flex & T4 (it
863 Compact Autosampler H Z#FFERIER ) | MSN-A
Rotor B &AMl a5 . Ho A6 I 5 F1 MagIC (43
TAEu:, Fat @My /Aw]; Sartorius Quintix 34T
K- (KEEEHR 0.1 mg) , REFEZFHAF; EDL
Millipore Elix3 Essential, Millipore Milli-Q Reference
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FURIRGEIE . SLSY RIS kIRl E, TEERRT)
T34 5 GM-0.33A RIELZS g, KA
WiRAARAF,; MALEIERE ( E20 50 mm/fLiE
0.2 pm), KEHEE LI B A IR | malifa (4h
F£=99.999%) , WHEHBRASKWMILARAF],; &
BERAT DB (BN 13 mm/ALAEN 0.22 um), |
T2 SR R A A PR A\ Al is, NG
AR A RAF

F B . B T AR (R N
1 000 mg/L) , g2l s s B4 e A R A
ToK B, B (Aigal ) , fEE CNW B A Al
ToKIRTREN . IR AN (ks ) , FEEFER LA
Al BRER (PLgkal) o RWRR (srdrai) , )N4k
SEARF) T k2 (HA2 012 mm) , K IFIGIL
MARAT; LK KA Milli-Q #B4liK .
1.2 A&
1.2.1 kR R TR E H

B 1 mL #0E FhrifE (1 000 mg/L )% 100 mL
iR, A4 K E R B2, B s m ik
10 mg/L MIFRAERE ST, IFAE 4 °C N IRAF . B 10 mL
T T ARG B VA ( 10 mg/L )E 100 mL A=,
FBAi KR ERZZE, MR ERE N 1.0 mg/L
YIRS T AR E R W, ITAE 4 °CTRIRAE o 43 0 LR
BT FRUERE VA (1.0 mg/L )0.00., 0.20., 0.50., 1.00.,
2.50. 3.50. 5.00 mL T 10 mL &&=t , MKES
% 10mL, BLAEWEE R 0, 0.02,0.05. 0.15, 0.25,
0.35. 0.50 mg/L MAnME TR, BBCIH .
1.2.2 RahtBiakRoeH

FREX 0.841 g FRIREANAN 0.212 g LK BRIR AN 2
2L iy, M4k ERZZE, RS, BRE
JRMREE R 5.0 mmol/L AR E A 1.0 mmol/L JC/K R
FREN I M S A TA TR, BBCELR , AT s g =
FEBCHLAL T DA g, I 10 min P L
1.2.3 MFEIRBERES

5 EC 100 mL AERA AT 1 800 mL #B4/KE 2 L
FERT, BN 40 mL BilR, HHEaiAKE 452
fE, R4, L 200 mmol/L BifR+5% (IARF441)
PSR (A 0 o) 2 A R, PR B o
1.2.4 HRHPFLE

M HT, LS BT R 22 2 mmx2 mm. FREH
BUFIIRESY 0.2 g CRERBE] 0.000 1 g) , B F A
B, MAZ 0.1 g FARRHIR, LREhf i ke,
T 1.0 mL JoK OB FEA SR PI A 15 mL 8 4liK
YERW R . FRE SR 3.0 MPa, A,
BEIRE, BRARS, BAMETHEAKSRT,

Ja Bl R KRB AR Y o R HETACE 30 min DAL,
5~10 min $&5% % —IK . ZEHA, FTHAM, B
HAEF P AR £ 100 mL RS, FiEgiKeh
VRSN RE | R B . AR AR BR LA e e, B OF
HBEEAERT, ERERZE, #55, 1022 um
REFIRET L PE R uE, AR, SPATIE 3 IR,
125 BFEBEIEEHG

{6, 1%#: > Metrosep A Supp 7 B35+ (250 mmx
4.0 mm, 5.0 pm ) +Metrosep A Supp 5 Guard FRFE
(50 mmx4.0 mm, 5.0 pm) ; FshHA 5.0 mmol/L
Bk R = M +1.0 mmol/L JC/K Bk R A 5 K1 B2y 45 °C;
HEREAR 20 pLs EEA 0.8 mL/min; Al &84
HLR R DU 2% 5 A2l o MSN-A; #2575 45
7 200 mmol/L B FR+5% P ; 45 B VM
1.2.6 tEAKX

AR R A AT A LA (1),
:(C—i?xv 0

Ao X ORI i, mg/kg; C OWEEALTE
B e vh X 0 A AILEEVR B, mg/L; Co AMEM A
TERRUE N e Hpoet B A HLEEIR B2, mg/L; V ol A5 1R,
mL; m_NFREEE, go

2 HR5HH

21 BFRIEFHFMRL
211 g ERERE

TEVERR AT, 5183 O RN H R AR SR E Y
TIE T, SRR GRS S RS A — R N &
&, XeFECERIAERTE. NI, w1 aea
M ERE TS ORI . FIRRP ORI CER, o
HFELT Metrosep A Supp 4 (250 mm*4 mm, 5.0 pm ).
Metrosep A Supp 5 (250 mmx4 mm, 5.0 um ) Fl
Metrosep A Supp 7 (250 mmx4 mm, 5.0 um ), XHF5T
oL T AR A Al W LR R ST Tl A
b, IEAIEILER 1, 45RERM, WETF. SRR,
R HRTE Metrosep A Supp 4 (354 b 144 B8 i [a] 43
1k 3.45, 3.51 A1 3.88 min, fEEILMVERIING:,
FEH; 1E Metrosep A Supp 5 it b, ST, LM
M FERARAYOR B ] 7350 4.35, 4.85 H1 5.38 min,
IT B — M, SRR R A R I, AR
AIREAATE LR Ve B %, Ok R 2 5 i
Metrosep A Supp 7 faiE [, BE T . SR . FiR
MR BRI 115353 7 3.48 . 3.85 11 3.95 min, 43E§JE
B, 28 b, 1P Metrosep A Supp 7 (B i HAE N4
HEAE, 3 FPES kA BRI 1
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Tab.1 Recommended chromatographic conditions in three columns

oA it Bl A W/(mL-min™")  AEE/SC EEIF/UL
Metrosep A Supp 4 1.7 mmol/L kR & £M+1.8 mmol/L JC/K B R 4H 1.0 30 20
Metrosep A Supp 5 1.0 mmol/L B R & 4M+3.2 mmol/L JC/K B AR &M 0.7 30 20
Metrosep A Supp 7 3.6 mmol/L JC/K ik Bz 4N 0.8 45 20
16 15 20.0
o o o o
g 9 3 2= 2 =
¥ £22 ¥ <5 e g
=8 19.4+ 9
s | & 2 : :
14 /j(f;(‘ \
01 2 3 45 6 7 8 910 01 2 3 4 5 6 7 8 9 10 01 2 3 45 6 7 8 910

B[] /min
a Metrosep A supp 4

A} [&]/min
b Metrosep A Supp 5

A ] /min
¢ Metrosep A Supp 7

B s TR AR R G5 A E A2 B s o

Fig.1 Separation of fluoride ion, formic acid and acetic acid on different columns

2.1.2 uu.Zjﬂ'E E’]L?%

T ERITF R P LB, BT RE T, BFH
CTRAR | FH PR AR 45 3k 7 7E T 78 A2 4 ik YRR R
BJE IR o A S T R R s e,
VA B8 RS, A AE 5 BRI At 8 1) € 3 0 B AR T4
T REME . X AE S WE T, ANFEE T AT
W 2= AR RO, SECEANTE GRS L aTm
F1 R T BE S A2 28 XU . TR AR R Y R AR 114 €6 ik 1
T TR 0 G A AT, SRkt R R R T TR
ﬁ%\ R AR 10 0 s VR P A I, SO0 7 1

U 5 TR AR AT PR AR IR B S Ol R A, BEIX ik
Sogg - ] DL iR L I S0 AR H R ik R £ 1 EE 1 s
BN, ANk A KA TR BR R R 1Y Lo, Sl
M 25 1 B PR BR AT

TRERE T ANF W RPE &4« X b T 78 38 sh A A
A 4 PR EEE (0%, 10%. 20%7F1 30% ) f)
FH AL LRGN R, e B FLBI ARSI,
FET . FRRAR . SRR AR BE I R] -8 & Az
R ARLE, ST BE S A E SR A LB G
hn, AR B, AR TR S ke i it
7o Ik, AEEFEHEE . CHSAPNERE A WL
A BhAH .

Bt 4 %5 3.6 mmol/L Jo/K BRI . 1.0 mmol/L
TR Z4M+1.0 mmol/L Jo/KBRIREN . 1.0 mmol/L PR E
£l+5.0 mmol/L JC/KBRFRENAN 5.0 mmol/L kiR &M+
1.0 mmol/L JC/KBRFERENEE 4 FhAS[E] AR BR L 7R sh AH
XS T LR FRAR 0 7 B AR, &5 5L WL

2. 2 BT, £E 1.0 mmol/L B B2 & 48+1.0 mmol/L
ToKREREN T, B+ . SERA A ER AR 1) 43 5
RO 5 7E 1.0 mmol/L fER Z 4H+5.0 mmol/L Jo/K
REREN T, ST . S RARFIH R AR A £ B ] B
WA, BRI MAE 5.0 mmol/L kR A
Ii]+1.0 mmol/L Jo/KERIREN T, T, JERIEAIH
FRAR Y43 BRI . 1.0 mmol/L 8RR E 41+5.0 mmol/L
TooKRRFREN T BB 4y, HARBEEHE 2974 6.8 min,
FE 1.0 mmol/L BRAR Z4H+1.0 mmol/L JC/KBRIREN T i)
PREF I RIERT T2 1 min, XA, ¥ 83 5 A /K
TRPR AN 2 5B T . SRR AT R AR 19 70 S R AR
2o FRARTC/KBRR AN A MR B, i 2 32 i e e 4N
MU BE , FEDRIER A 19 0 B RBOR B [RIE, AT 42 = A
MZLR
Zi b, gt FIRMEARSEER , YEH Metrosep A Supp 7
i, IR 5.0 mmol/L BRERE4N+1.0 mmol/L G
TR PR EN VS WO RS A TR BE VR I . FEIZ (i 4%
TR, BT R R Y R Ny, il
TAEY R R S R 0T .
2.1.3 REMEEF

ISR E N 0.6.0.7.0.8.0.9.1.0 mL /min
i, BT EEN. WL 2 PR, HidEh
0.6 mL/min A1 0.7 mL/min B, $UE T #4484 1]
43914 9.36 min F1 8.15 min, 4MATHHEIEK ; 4%
BN 0.9 mL/min #1 1.0 mL/min B, R T8
AR BA BFE] 2> 9K 5.52 min A1 4.98 min, SIRA] LIS
R R, (LR B 3t R R 2288 (DL 3),
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BB R, SFEHLARE,

KRR B2

Wi A Ay M 0.8 mL/min B, {588}
824 6.84 min, ZCFEH, HAEKZEN 0.41 MPa,

MR 5 0.9 F11.0 mg/min B AL R E
i1 0.6 A1 0.7 mg/min A AE E4E5E .

M, ASCHELERE N 0.8 mL/min,

20.0 21.0
209
R 19.8 -
P 2 = 20.8
§ = 5 2
@ 1961 2 % 207+ 2
2 " S e
A\ S =3
o 194 ﬁ; 206 3 £
= 2 < 3
20.5 + ko
19.2
204 -
19.0 20.3 1 1 1 l ( 1 1 1 1 1
0o 1 2 3 4 5 6 7 8 9 10
i} 8] /min it [ /min
a 3.6 mmol/L Na,CO, b 1.0 mmol/L Na,CO, +1.0 mmol/L NaHCO,
20.0 21.0
209
_ 19.8
T 3 208
5 £ 5 g
g 19.6 | g % 207 é .
ﬁr 19.4 ¥ 206 g
i of <
# 205
19.2
20.4
19.0 20.3
0o 1 2 3 4 5 6 7 8 9 10
fisf /8] /min it [] /min
¢ 5.0 mmol/L Na,CO, + 1.0 mmol/L NaHCO, d 1.0 mmoVl/L Na,CO; + 5.0 mmol/L NaHCO,
B2 RFEGESE T BB . SERAR A ER AR A 43 2515 Ol
Fig.2 Separation of fluoride ion, acetate and formate under different mobile phases
K2 AEARETEBEF. ZERRFMPRRNEKRBEE
Tab.2 Retention time of fluoride ion, acetate and formate at different flow rates
{4 B 1§ (8] /min
Y
0.6 mL/min 0.7 mL/min 0.8 mL/min 0.9 mL/min 1.0 mL/min
BET 9.36 8.15 6.84 5.52 4.98
LTRAR 10.02 8.82 7.52 6.01 5.42
PR AR 10.84 9.61 8.15 6.52 5.88

®3 AAREBTHEAHE. RMEEMHEE

Tab.3 Maximum column pressure, minimum column pressure and column pressure difference at different flow rates

T4 /(mL-min ") e/ /MPa B KFETRE/MPa H:FE 22/MPa
0.6 9.81 10.24 0.43
0.7 11.12 11.54 0.45
0.8 12.10 12.51 0.41
0.9 13.04 14.05 1.01
1.0 14.51 15.98 1.44
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2.2 EIRGEEEMAK

TR ICT 5 A IR I 2R Wy B A
TS 3 71| DO = WA Sy AN 1 i3 1| I o S G
T THE.

221 REEHHERE

R TR 14 1.0, 1.5, 2.0, 2.5,
3.0, 3.5, 4.0 MPa, KHE50E I XIHE i S
HINFEI . IR 3 AT, FE R AE T h 1.0 ~ 2.5 MPa
BF, & STE R msm, SR A B RRsE
Tt SR, 7E 1.0 ~2.0 MPa X [a]iF, 45 5 FR i
2ZER KR, XM TREE AL T B0 be
ANFEGy, ARG 22 8] 0 8 A o0 e R AN — 38
MILZ T, 78 2.5~4.0 MPa S8%E JIJGEIN, K
m IR A T RRE o X UL B 7R AT T Y3
i, RS AR A R R A B FE AT . X
S R AR S AR SR BE B S5 T R — S I AU, TR
150 118 70 S0 T TR A S PN T R R e 11 4R
WX, ARTRE ST, MO AL &
FAF LI o 255 5 R 4G R RN A B
IF 22 4 IA) 8, $E#% 3.0 MPa 1E RiZ 7 1 54
JE 11,

160
—8— PLA+PBATIRAS
140 L —® PLA+PBSYIELRI T
—A— PBATHHAS
~¥-PLAX T
-~ PLAK &

— —
[=3 [\
(= (=]
|

A B/(mgkg)
8
T

60 |-
40 |-
20
0 L | ! ! ! !
1.0 1.5 2.0 2.5 3.0 35
FEEJ1/MPa

B3 S5 TR R i v T S8R B4 5
Fig.3 Effect of different oxygenation
pressure on the precipitation of
fluorine in samples

2.2.2 BhBAFIHYIETE
TEETRBERTAL B Ap BGRB9S I T LA it
PR B PR R R W v B TS SR A R,
W TR PR M N A s PR AR D B AR . AR AR A
B HHGER, ATRES O Rk 22 o JBERRAR IR &l
FEfhAse 4, WHRECR JORM, I H— B BIR

MEAR., &, MEKNETLE, XEKEITEA
REXT S 25 = T, S 4h, SEEmE SR
JEHRAR , BRBE ST A B A £5 R ol A R £ ) 4 30 P
Ko A2 A s S ok, DR SRR (] Ay, R
FA N SE BB T . S R R — Ak A AR E
BAF R WL, AN 20 S BRSO AR T e
WR SRR A T80, R, 2K B R A R e i
EMIEIE T, &AM TH ISR, GB/T
213—2008  H A b R R o FH T A o ALY
i RV B BB I 2 12 GB/T 37861—2019
A0 25 TP R AR g R B B AR 200 LU X4k
AT R GRS . R T k5 B RS A AT BE
M RO G R T A 1), 25 H R R T —Fh
BRI e

e 25 R AE SR BIIR SR A, o B R LK
PR R R A B R AR, ASASC AT DAAR B b 42 o) B 390 14
Wl TR R AE S R Rk s R A
PR a5 KPR (AR M A S0 T R (R, B
FIZR H R ALAFAEHE BUR B 2 A5 0L, 8 S8 —3 43
T it 2 M R ) 5 %) BAERSR) DT ) o5 KSR R
IRBE R ENE . O T v Al 26 0T BB T BOUR H IR 2 ik
AR aLET, BEPERE R R IR IR 5 oK L EER
G TS IK CESRA, AR R AT LU
A7 b 5 RE S RN K 2 b fk BRGSO L)
Mo ToK LEEA B B i shtt, A Bh THa A Bl
PRI 5 k22 | FESL I TR o M, B2 R S K RCR AN
PRBERIRSE MR . NI, SRR RS KL
Pt IR A1 R BRI
2.2.3 WRikHIIERE

AR SRR I T WSO 1) B A T AR R A 4R
SR BETE Y 58 SR BE T, BRI TR 4 I, EN
14852:2016 FlE, e B 4/KEL 0.3 mol/L &
AL BN AR AWM o R E B 2 Al AT X A
LIRS RO, 7 R E TR R S
B, SCHEEEE T HAEKFN 0.3 mol/L A A ALEH 2 Fh
WM T LA 5 o S5 R R, TE T4 WA
— A, X 2 PP SO SRS AR R
WO . M R A m R AR mIRREE S,
Horp g Z A SRS K s e, BRME e R A
T4 X SR BRI B T (1 R B 1k, R
M 25 9, B SRS i & . R
FHEEACENE W, RS IR BE S WY pH
(B, P48 a8 %o g VA B 10 2 A R OB SR o RTT, FEAR
BT, AW SRR P R RS B S s
10 g/kg ERED, HIL, ASCRER T AKER
A R IR WS o
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2.2.4  WRr B Bl B IR BE

A AL B R G A IR, R Al kAR R
WG AT T %o A R e T A S T R A T IR, R e
B3 e 10, 20, 30, 40, 50, 60 min, fFW%
WS R A BEAS T B 1) 5 ML I 8 R A AR 4
R E 100 mL AT, gk DmE 2Rk
Ve A, BAE, BRI Z 0.22 um (1)
TRFLUE M 8, IF B T iAo b o RO (]
X5 FAT R ACR S ) UL 40 2l R]

160
140
-a-PLA+PBATW &

120 + —o—PLA+PBS¥RLR 7
~ —+— PBATHEAS
0100 -

2
E st
ﬂllﬁ
p 60 |-
40 L
20
1
0 1 1 1 1 1 1
10 20 30 40 50 60
W et 1R] /min
(& 4 W AT (DR & b SRR Hh 38R Y 5 T

Fig.4 Effect of different absorption time on the
precipitation of fluorine in samples

40 min B, FE RS RN B, Hit,
B ] %2 R 40 min B8R A .
2.3 FHiEESH
231 £MEE. KHRFIEER

JH B 2 7K R T 3 B R VA, 0 e o Jo o
WePEH 0. 0.02. 0.05, 0.15, 0.25, 0.35. 0.50 mg/L
PIRRIE TR, 42 YRI5, DI T 1Y
e BE AR RR (X, mg/L), SR (y,
(uS/em) -min ) AYARARL R bR HERT 2R, 13201
BIH AR, FHERBIIRT 0999, HRIEEELL SN=3
AR R (LOD ), #R4E{EME SN=10 1157 & &
B (LOQ), ALY R 380 B - Ao G s BIR o kPR 43
%124 0.01 mg/L 1 0.02 mg/L., YHRFEER K 0.2 g FlE
ZARBUR 100 mL B, A P A RS 3 BR AT R 43
K 5.0 mg/kg F1 10 mg/kg, HARLEF WL 4,
232 ERRMBZE

FERE R P TRAL BRI, 4301 ] 2B A it 1) A
IR F N 3 AN EEKSE (10, 50, 100 mg/L) Ay
B TRUE W, AR B o35 B o3 7E 48
RAE, EEWE 6 K, THEFI DRI X bR i
2 (RSD ). HH#E 5 A, S T4 YRR
f RS2 TSGR 3530 93.8% . 96.2% 411 98.4%,
RSD {H43 1M 6.8% . 4.8%F 2.9% , FF4 K il Bk

x4 FETHERMEFRE. BXFHY. ZWeE. LHRMNEER(n=6)

Tab.4 Linear equation, correlation coefficient, linear range, limit of detection and limit of quantitation of fluoride ion (n=6)

Py Zdkr i MXRB R RMEEE/(mg L™ KilB/(mgke)  wiR/(mgkg™)
BT y=0.249 2x-0.000 3 0.999 840 0.02 ~0.50 5.0 10
x5 BBFEARFRMAETHEYZRMNESE(N=6) 30
Tab.5 Recoveries and precision of fluoride ion at different 214

contents (N=6) 212+ 2
281 g
WK T (mg kg ) eson XA o i 25 /% 210 2
10 93.8 6.8 T ool 2087
Q
50 96.2 4.8 g 206
Mool 20.4
100 98.4 2.9 o . .
E: 4 10

2.3.3 ELEREEROT

BEXT IR B 119 FA: Yy SR iy, MR R
dnfr BT 7R B9 2R AT RBUR I, RSO
DA B8 7535 XA it 9 375 fa BEA T AR 0, A i
IS 15 /N A HLRR S A Rk o3 5, MR A A
Py ISR i b R T B S T g L 5 R
AR 6 R, 10 FORFM BRI A9
SRR S AT AN [RIREE B JUAGE o e OB RO i

ok
ml / J +F[]/min
—V e M\
20 -
| | | | | |
0 5 10 15 20 25 30
fist [6] /min
E5 YRR RSP E T

B (0 1% P (15 B2 I8F ] 29 6.8 min)
Fig.5 Ion chromatograms of bio-based
plastic samples (RT about 6.8 min)
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R6 1MOREMEERFERPASENLR(n=3)

Tab.6 Results of fluorine content in 119 bio-based plastic samples (n=3)

5 B Ko/ W /(mg-kg ™) FHE(mgkg) KR % AR %
1 PLA W4 31 (43.89+2.15) ~ (326.01£3.69) 94.39 100 45.16
2 PLA+PBAT W4 13 (24.25+0.71) ~ (139.15+6.67) 95.82 100 30.77
3 PLA+PBS W4 17 (19.72+0.90) ~ (109.15+3.19) 55.81 100 5.88
4 PBAT ¥B}H T 10 ND. ~ (41.64+3.15) 21.38 70.0 0
5 PLA ¥ERPRLF 8 (23.1742.38) ~ (84.48+4.64) 70.16 100 0
6 PLA+PBS ¥R T 11 (45.34+2.41) ~ (98.14+4.15) 75.15 90.9 0
7 PBAT i fli4s 8 ND. ~ (31.18+2.41) 22.07 87.5 0
8 PLA 4% 8 ND. ~ (33.22£5.61) 21.05 87.5 0
9 PLA X1 7 (41.79+2.89) ~ (83.2245.27) 68.45 100 0
10 PLA &£ 6 (34.15+4.15) ~ (84.19+5.94) 59.75 100 0
M 119 ND.~(326.01£3.69) 71.32 94.11 15.94

H: NDOAZSIRAE T E R,

1, 31 5K PLA WSS E S /AT TE 43.89 ~326.01 mg/kg,
SEYIME A 9439 mgkg, NEMEFLER, K7
45.16%; 13 5% PLA+PBAT W /5 it 9, & 2 30 Bl 4 A
1 24.25~139.15 mg/kg, FHI{E N 95.82 mg/kg,

AAKHEIEF] 30.77%; 17 3 PLA+PBS W45 1 91
SR E M AETE 19.72~109.15 mg/kg, FHME K
55.81 mg/kg, NEMFRN 5.88%; HA 7 MIFER
K BRAS S, (B R I SA% LS R, 4531
R, BRT/DE S A Y FE IR R SR A AL, R
A3 L YRR R SR ARG R A Y, R T
B0 i ORI R v R B, PLA IR IR
EHE R, PLA+PBAT W45k 2, PLA+PBS %
A DI L BIRE S IR S A% o I 3k 2 A
B E AT RE S A el P T A BT E M
W R MR O, BAORIEIA T it — 2 10 J5 42

E
3 #HiE

HE T USRI b - B T 3 Tk I A g R A )
PR R, B TR RN 0.01 mg/L, 2
IR 0.02 mg/L, MFFEREN 0.2 g, EHEEED
100 mL B, A5 R A H FR > 5.0 mg/kg, a2 BR
10 mg/kg, ASCHERM., A5, HMMEL, &
FHF A=W 90 R AN A2 o SEBRAE b K 50 40 #T
SRR R 94.11%, MRS G485 F N 15.94%; PLA
W% . PLA+PBAT W45 il PLA+PBS WA il 6 38 Hy
100%, AEHEERDHIHN 45.16% ., 30.77%H1 5.88%.
A G N R I e T I SRR MR R R R R A

BH BT AT S 20K, T LA S B kL B
FEAE AT T 3 M A AR R Al AR S 7 A A T K
S A SRR P R BRI 2 8 MR S Er
T TR R S A Wy B SR rh g R R IR TT
MECRHE I, il 4 T 255 T3 AT 5T
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