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Migration quality of formaldehyde in the polylactic
acid straw detected by HPLC
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HE.BH.23 AT AL BRABREET P FRE K
BHARENRPESEOEN T X, Fik hikeh &g
EMA R MR—CTH (Vi + Vo H 55 45), H B
35 °C .4 sk ¥ 355 nm, HRACH AR BT AT A &4 B 2,4-
ZHEA R R PR TCBRARS KA 1.5 mL/100 mL
(pH 3.07),2,4-Z A A X MR A FTEH G T 445,
B EA A5 °C, R B 18 4 40 min, R ATELZH
VB2, 4- = R R R R AR R R AR 1.008~70.560 pg/ml. &)
EE N FAEA y=>55.247 0x —3.849 4,40 % B A
0.999 5; 3¢ i 8§ F BA A TR 24 0.066 mg/kg, £ =R A
0.22 mg/kg, BAT A4 = 4 FBE-2,4- = # K R IE £13.5 h
MABE; PEEZ KT AR K6 ek & A 92.6% ~
104.1% AR EM Z (n=6) £ 0.4% ~3.3%. AL RE
H5,40,100 C.iE B oA H 3 h 69 XI5+ TF . FEBEMA—
KRERILBRRER 3 AR ZBEMROK.3W K TBHKE
BANKTCERAKER MR KNEHS T A 1.839 mg/kg, I
FrPEAKBMNEN 15 mg/kg IHFLEHFTER, &

W:EFEEH B EATRIABRAE P TRISE
a4,

KW RIABMAT; TB; S RAMEE; 2, 4 AR
W5 2 A

Abstract: Objective: A formaldehyde detection method was

established for the accurate analysis of the migration of
formaldehyde in water and acid simulants from the polylactic acid
conditions

. of 55

Methods ; chromatographic

V acetonitrile

straws. The preferred
were: mobile phase water-acetonitrile (Vyuer *
45), column temperature of 35 °C, detection wavelength of

355 nm. The optimized 2, 4-dinitrophenylhydrazine derivative
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acetic acid in  acidic 2, 4-

mL/100 mL (pH 3.07),

conditions  were:  the
dinitrophenylhydrazine solution of 1.5
the molar ratio of 2, 4- dinitrophenylhydrazine of quadruple
and the

formaldehyde. the reaction temperature of 45 °C.,

reaction time of 40 min. Results: The linear equation of
formaldehyde-2,4-dinitrobenzene was y = 55.247 Ox — 3.849 4
within 1.008 to 70.560 pg/mlL, with the correlation coefficient of
0.999 5. The detection limit of the corresponding formaldehyde
was 0. 066 mg/kg, and the quantification limit of which was
0.22 mg/kg. The formaldehyde-DNPH was stable within 13.5
hours. The

formaldehyde in 3 levels was from 92.6% to 104.1% ., with SD

average recovery of simulants spiking with

(n=6) of 0.4% to 3.3%. The maximum migration of
formaldehyde from disposable polylactic acid straws to three food
simulants ( water, 3% acetic acid solution, 4% acetic acid
solution) was 1.839 mg/kg. less than the specific migration
requirement of 15 mg/kg stipulated by China and the European
Union. Conclusion: This method is accurate and efficient enough
to apply for the analysis of formaldehyde migration from
polylactic acid straws.

Keywords: polylactic acid straws;  formaldehyde;  high
performance liquid chromatography; 2,4-dinitrophenylhydrazine;

migration

B2 R (polylactic acid, PLA) W4 7E (58 £2) C 1Y 55
FeHEE T, Zexd 70 d 2545 W s a] B AT 58 4 e et o 4R
B SE B EOK CHESE L TSR R AR AT AR R 2 — A IR
{3 AT F A AT HR S 0 T B AR W A S B R R Y
WL ELEE P EAENME 2 ARG 6 TR 4A0 1,8
IE— AR A . PLA WA % & 0% W IR
JEUE, B2 T N A AR T B T B AR AL S R
4 (polypropylene , PP) W A 1 F ZEHE %

PLA kL8 % 5 BB IR A& LAk 3 2Pt vh o :E 0,
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2 SRR TR 23 S T = 5% U AR Sl e, TP s NG
S A RL R A R T, L v R
HLSE 90 45 B B 4R flobE R b TR Y A B T B PR A
15 mg/kg™ ¥, PR EE A 22X RAEY
AR A A 1100 42 A7 BRI T B
i PR ESR R E AR T 247 mg/kg., N T REETY 2
B4, TR AT X PLA WA X Ao AL AR 4y ik £ 12 fu 4 R
0 P S AT T A% W O R AT 2 MV AE . B AT, T E L
SE 0B b ARk v Y S ) DU S T VR A T TN
43 6 B R R 6 R o OB G BEIRTY . 2, - R B R i
(2,4-dinnitrophenylhydrazine , DNPH) #: 1l fi7 4E 15 %% & A1
gD 505 B A b B TR R R T Sy
Hr U b S W B TR B I . kA L AT AR
ik g Y Ao 0 2R A BE A2 A3 A AR DNPH /9 pH {E,
/s O RN AN N N DA R | EP 0 N i ¢ ]
7 AR B A S IR e e A T

PEGETH ORI R BT AR UORHY T 28 o5 4 T A
WORE A B i 1 T 51 3 30 08 45 P KRR SO i Okt
JHIR PSR AT AU S B0 T ot o R M B4R Ky [l PN A
HIE9 4 mL/100 mL 7K Z FREY7K BRI 3 mL/100 mL 7K Z
BRI KW . AR PLA WA TR v VRO o IR A 2
R S B e R G 0 L BB T AR IR B 2 1 L 5K PLA IR
R IE RS AT O JEHE AT R N Y & VR AG L B AE R
T Aol T L A b s ) T 37 M PR A — S BRI HE
1 #e S5k
L1 #H5NH
LL1 Bk

PLA W& .1l

3% : Eclipse Plus Ci5 (4.6 X150 mm, 3.5 pm) .3
[ Agilent 23 #] ;

TiHE : Agilent EP-Cig 4, 32 E Agilent 247 ;

FH A ) BV W (BT RV B2 Oy 1 002 mg/ L) WY -
DNPH Jir b il 7 ¥ 5t it W BE 2 1 008 mg/ L)« 35 % L 56
[# 02si 2N F] 5

2. A- TR SE R R (B 98%0) « Ok A, 1 ¥ 2 e AR
R A RA T
B - il , B Ak THAR () A BRA A
VKCTR A3 2 B 25 2 A Ak 2R A BR A D
Ak 1,

FEALA A
9 AR 5 7 8 (I DAD A6 W #8) < 1260 Y, 3¢ 1
Agilent BHE A BRA T 5

Milli-Q #B 41l 7K {1 : Reference 1, % B ( ) % 5
AR HE

BRIt :S210-K B, My ¢ ¥ 4 H] 2 BH 8 O BD A 1R
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HL A3 M1 K OF - XSR204 #9, #f 45 81 3T F £ L # b
ED A RAFA

K fEIRA . DH611C B, DB H R G (LA
R A

BB AR IR K A HH-4 R, 3 N 4B B g A IR # .
1.2 Ak
1.2.1 45 3% M Eclipse Plus Cig (4.6 X
150 mm,3.5 pm); WAL : Agilent EP-Cys A5 Wi 34 : 7K
M (Vy + Vo =55 ¢ 45); Wi 1.0 mL/min, £ &
35 CLitBE R 20 pLs MUK 355 nm,
1.2.2 WEE-DNPH JRbr i TR B WEC R 53 50 o 0 0
B 1 008 mg/L H EE-DNPH Jg 45 #E % # 0.01,0.1,0.2,
0.4,0.7 mL T 10 mL i @F T N e &2,
g A5 B R 4 1.008,10.08,20.16,40.32,70.56 pg/mlL
) HEE-DNPH 55 i TR W . 1 3R 90 A o 0 W 1k
Il FH A PR
1.2.3 DNPH fii A4k F 0 E il AEBARI 0.673 3 ¢
DNPH T 100 mL #R 45w H . JE M A 50 mL ZJF . 48
JEIMA 1.5 mL vKZ R, #8745 20 min & 58 &% fft . ;e Jg
B AR B B EE 33,3 mmol/L, 1K Z R %
152 DNPH ¥ . W AT T 5 CROGORAE 2 ],
I F T 30E— 25 F B & 2.664 mmol/ L., i B 2 47 o ith 2%
e e VAR R S5O0 7 g PR TS oA B A 4
1.2.4 Hmrfrd e ERRBERIE I 5 mL Bk
AR B .5 5 mL ¥E K 2.664 mmol/L.vK
LRGN 1.5% 1) DNPH £#7 4 bk 5 15 45 °C &I
40 min, JZ I 45 5 ol B T koK I PR A 5 min, &
0.45 pm F 3 i Uk &5 U85 RF UL AT T HOKAE R &
i BRI A R T, R B 4.85 mL, A 0.15 mL vk Z
B K CBRIAR R S s B 300, KR &0
TR T A AU 1 32 v T AR TR
1.2.5 WEEMITHAR R GB 5009.156—2016 1Y
AR LK 3 Y6 UK R W K U WL A %6 VK 2 TR Y K I W
F A SRR X — Uk PLA W BEAT R AR, TR
KA T — kM PLA W 78 8 4K ORI VIR 3 Al
JE 2% 14N A A B, 43510k 5,40,100 C L2 EF A3 b
HEBMIRES G KR 5 DNPH 3E47 47 48 16 = 07 %
2N AT v RO A € 4 B, S AR vk i, 5 PLA
WA K KRR AR TP B R R SR ERR N
BFRERELR T HEEREN 20, ERENTR
RIGF T AR MEEH] PLA W AT ] Hy B4 i (N A8 9K
AlAk A RS s
1.2.6 ZHEFLZSW UBERBEFEMKZBREERN
T T, DL R 2O R AR 1 3R A
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1.2.7  BURG T r0r Be Bk 4 i kRS o A A
Agilent OpenLAB CDS-Acquisition(JiAs 2.4.0.628) ; & it
A3 M B . IBM SPSS Statistics 26; & 1% 2 il %k £ .
Origin 2021,

2 HRS5nbr

2.1 BEEMHRK

2.1.1 REHMAER A AFIRD T R R SR Bt
FRE R £ 5 WA -2, 4 T R iR A 1 R I D R 06 i
L, IR S AR P 2B R E B T e R R R R e
2R Er. WK . X Ve o+ Vg R 50 ¢ 50 3§ 52.5 ¢
A7.5, KN 20~40 CHE R BRBC H i, {7 B[R] SRy 4~
8 min, {H (5 3% 063 0 46 R, B R B A R ER R, 5
Graceffa ZEP R IG 25 - —3, M Vi + Vo 5 60 ¢ 40,
FEMR 2 20 ~ 40 °C B, 2K i 00 g i ) R e, O 11 ~
14 min, 5 MWK I AR . F I E SR TV ¢
Viow N 55 45 8 57.5 ¢+ 42,5 WM@OELAMFELE D, &
L AT, Y AR TR 40 °C B, 2 R ) 06 T AR i) 7 {35 55, 11
Eclipse Plus Cis K I7E 40 CHH A 5 £k, B,k
U E AT TR AE 35 CRUAF .Vt Vo M55 45
¢ 57.5 ¢ 42.5 MEIERM. G OIS AT,
R HE Y W T FR 22 BN B3 (P =0.469>>0.05) . {4 B4 i} ] 22
53 (P=0.000<C0.05) , 5 26 6 £ H WE A (0] 45 TR A (0 3%
S B Vit Vi i 55 ¢ 45,8835 °C, i, 28 i 63
U4 1) 45 B8 IS 1) 7.845 min, MUEE S (O 3% E (E DKE .
HE-2.4 “IHERIR SRR T AR & e E N
L9, BuAh & SRR P & D R R T AR AR
AN RE R 1] 3

#1 HE-DNPHBEEARBEESE THRERE
FUE T R
Table 1 Retention time and peak area of formaldehyde-
DNPH under different chromatographic conditions
it S AH LA FER/ {53 1 ] / W T B/
Vox = V) C min (mAU -« )
57.5 ¢ 42.5 40 8.680 5 788.404 2
5545 40 7.381 5 754.094 7
57.5 ¢ 42.5 35 9.276 5610.641 8
55+ 45 35 7.845 5572.224 6
57.5 % 42.5 30 9.910 5 426.965 9
55 ¢ 45 30 8.358 5414.194 3
57.5 % 42.5 25 10.637 5254.493 6
55 ¢ 45 25 8.922 5 247.464 8
57.5 ¢+ 42.5 20 11.490 5115.916 6
55 ¢ 45 20 9.562 5112.161 8
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Figure 1

2.1.2 RIPERK A DAD il g8 % B -2, 4 RS EOR
i o o i R AT OGS I L AE 356 nm AbA o ROEWR IR, %
SMCIERFE S 2 nm 247 00 B . B I ok K A
354~360 nm It A & m H AR AW 0K R
BEE T R B 355 nm VE O FEE-2,4 RS SEEOR IR
K

2.2 FHBITEEEMRL

2.2.1  JZ VL FE RSN B TR] BIF SR TR R BE AE 25~
85 °C A A]ZE 0~ 60 min, I B 5 DNPH [ )z i %,
SEAR UL 2, TR A A AR — o AR L RE A i O A A
AR RO S R R A R A R R K s ) ) OR R T AT AR
RN . 4R B i Ry 25,35 CHE, 5 DNPH fif4E
TR -2, 4 RSB OR BR O RN FRAA AN E) 9096, iR
FHE & 45 °C K UL bowd, HOE Y AT A Ak R 3 g 36 F
100% . l T i 22, FH -2, 4 3 R b 19 N SR AE
100% bR ¥ sh H )& 25 7R 2 (P =0.400>>0.05)
fHEAE 85 °C R 40 min PAJG » HY B 437 2 1k 207 2 I i
R B FE HLAE 60 min I KR BEARE 7056, [ i 7T W %
BN LORFE AR UTIE . 7E I I IT b B U5 8 o B 8 AT A 4k
IS R4 5 ) 54K o T A S R 2R PR A AT A A R R

o7 A/A\A;
100 =
=}
2 90
=g 80
g 707/ 525 %C -e-65C
/ —+35C =75
60, %45 C 5 85°C

—+55C
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Figure 2 Effects of the temperature and the time on the

formaldehyde reaction rate
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PHETF 71% .10 min J5 .25.35 °C ik 4 41 WP 19 19 2k 1k
NS BIKEN T 76 % FN 85 %%, HoAth ik 5 4 /9 11T 4 Ak IR R
R T 2 100 %o BT . 40 min L BR T 25,35 °Ci
0 21 R R A A7 AR 4K B R R E R 86 Y0 A 83 %0, HoAh i 4
AL AT A AL R R % N BE AR AR S #E 10020, Bk, PR AL Y R
N URE R 45 °C, )W F[E] 2 40 min,
2.2.2 DNPH W vk £ R & & fl DNPH Hl &  #F5%
T DNPH WK ZBR& 35N 1%,1.5%,2% 3%,
4% ,DNPH 43 WY B AY # 19 1,2,3,4,5,6,7,
8,9,10 ff%mf, HEE 5 DNPH #9 J2 I %, % AW 17l %
Wit A AR 3 K FH G0 T o M PR A A 3 AR A
ZHN AR 2. HER 2 FTAL RALY R & A5 5
FTVK 2, B8 5 5 1Y B 8400 8 3% (P =0.000<C0.05) , 4 5T Y &
FEHORN UK 2R 7 B 10 38 L300 LE%‘(P—O 002<20.05) ,
— 5% W BB A BRI UK 20 R A R ok AT TR B N 4y
Mr g5 RILE 3 fE 4, K 3 Ffﬂ,lﬁlé‘{fkav!i&mr%,ﬁﬂ%ﬁ
Ji7 R B DNPH %) J5 1 42t ) 1 Jn i 28 e  [m] — J38 /R &
KBRS A 1.5% M 4.0% , RIS 57 49 DNPH ¥ T B2 &
-0 pH 3.07,2.05 B, O OB A Ik KME, 5
Rezende 20 Al Lin PRI 245 R — 3%, L EY
5 F AR N P K 3 R LT © R E Y

BE 268 H | 2024 £ 2 B | RASHM

5B F ARG BN A B, oh v BELE SR A% OR N B B
s @ Jo T T W T o R R BRI T AR R © R
A6 R0 B . C—N B 5 K #E R B pH S
HPE T B 18 TR D) 2 33 JL i J2 o L B A 58 4 1 &5
%Wa@ﬁi%wamuwmmeﬁ@ﬁw%%ﬁ
TAL B K #E 7 52 BH 3R B BRI S v 3, P& VK 2
SEIESIN, pH B REAR BRI, MK LR i
W= 25 (pH 2.75) B, PR A 3E— 20 Bl R
RIS L 1Y SR 4 B0k 32 B, R R R AIR . ML, BE B UK
oA I HE— 25 G0 T Ak U L e B R 1 S
R E AL, N R W 2 BW T, R AR AT
B4 hdnl IEE R, T DNPH A9 45 5% . B R B9 S i
RAREXH] 100% , DNPH i3 &5, TE Y B K (3% 0 7=
AV R 4 T B RR AL A W 1 4 BT IRk, B Ak
DNPH JH 4 HEEY A 509 4 £ KR &t 1.5 24,
2.3 HESHHHIA
WME 5 fr R, B #E-DNPH i b5 #E % % 78 1.008 ~
70.560 pg/mL BT W EL B N Lt R vy =
55.247 02 —3.849 4, MHKFRECN 0.999 5, X f iy FHEE 4G 11y
A 0.066 mg/kg, & BR K 0.22 mg/keg, 7EFEFRH A
R LD R 43 B A B 20,02 mg/dm”

K2 FESHZ DNPH WBEMY RSN EHT PERERNZNE
Table 2 Effects of acidity and molar ratio of DNPH on formaldehyde reaction rate analyzed by ANOVA

KR TI1 2675 Al A ¥ F M
& IE R 13 293.143 49 271.289 36.635 0.000
R 1450 862.594 1 1450 862.594 195 927.178 0.000
JEE IR 2 A% AR 1556.617 4 389.154 52.552 0.000
KR E 11 177.295 9 1241.922 167.711 0.000
JEE R B A X VK 2 R A i 559.231 36 15.534 2.098 0.002

T 740511 00 7405

it 1 464 896.249 150
B IEJE it 14 033.655 149

22

£ fs

N EZ

87§

- < 3

HEE

B M 60 ‘ ‘ ‘ ‘
1.0 1.5 2.0 3.0 4.0

K2t it

Acetic acid content/%
H3 TRAYRGEG/BEKRTRKRESE LR LN
Figure 3 Simple effects of different molar ratio on

acetic acid content

o

]

Estimated marginal means of the
formaldehyde reaction rate/%

F I 2 I i B30

[ 2 3 4 5 6 7 8 9 10
I 1 A5

Molar ratio times
B4 RRAKRLREZEDRGEEH LG H LR
Figure 4 Simple effects of different acetic acid content

on molar ratio
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H % BHARHEEENERIBRRETARIBE

45007 x3 HEFTEUREMEKESHEZRE
4000f .
_ | 9=55.247 0x-3.849 4 Table 3 Recovery and precision of formaldehyde
= 3500 R>=0.999 5
= 3000F derivatization (n==6) %
¢ <<
= £ 2500F —
Es . JNARIKFE/ (g« mL— D
& £ 20007 B B
Z 1500 2.0 20.0 40.1
& 1000F ik 92.6+2.5  93.840.9  94.4-0.4
500}
0 R R 3WIKZ KW 94.841.8 95.840.4  104.140.4
10 20 30 40 50 60 70 80
2,4 i SR i ik INKCTRKBER  94.7£2.1 95.54+3.3 96.6+1.4

Formaldehyde-2,4 dinitrobenzene content/(pg + mL™)
B5 WE-2,4 Z AR KR AR W
Figure 5 Standard curve of formaldehyde-DNPH

A 68 R 43 66 BE VL B K B A 0.04 mg/dm?, #5281 ke
6 dm?® (15 55 R A, 33K T AR EL 607k ) BRI A s BR 43
0.12,0.24 mg/kg, 7] WL , AR €0 135 32 58 S R AL

A B R A AR A e R IR AR OCE 4.5, 9.0,
13.5 h, W BE AL T 8 35 7 25 5% (P =0.959>>0.05) , IL K
W5k B —E ek,

G3 7K (3 %6 VK R Y 7K T W 4 26 VK TR Y 7K S WY
3 FPE B P A 2.0,20.0,40.1 pg/mL Y B BE 5 i
WEW, 5 DNPH ¥ W F 17 A7 A= b R 0, i 36 & 6 IR, 45
SO 3, WEEINAR Ay 35 ik AR 92.6%6 ~104.1%,
PR 22 (SDYFE 0.4 % ~ 3.3 % , 18] e 3 ARG 2% B 3 460 19
55 SR o v RS T 0 G R A B R R,

2.4 PLAREPHBIBE

XT3 Fh PLA W& #EAT R0, SRS 1Y
ZERIFR 4, WEE TR BT, O AT R O R
It FE 100 C R RIRA T, BB I & T 40 THY
WAL 5 C A AR IR AL F I A R A LY v B S S
8 TAEAK Y (P=0.00<C0.05) , {H & 7 P Fh i 14 4
PR R AT W 2 5 (P =0.3082>0.05) . &4
WL PLA W45 b i B BE7E 100 °C B R M 003 vh T 7% 1
e o 1.839 mg/kg. /DT H R ETHE 15 mg/kg
BYBR BRSO, AT LR 89 PLA WA g 2 A TR
TRAK W IR PVIR R K R T BT R
R —A B E R RES R A B F %, H 2, % PLA
W A5 % WL HE i 14 22 4 MR DA A7 IR A R I R T
Lo

F4 PLAREFHEBMNIBER

Table 4 Migration of formaldehyde in PLA straws (n=3) mg/kg
EBRE/C
PLA W% 1 AL
5 40 100

HEFOaaEeE K 0.29940.057  0.45140.031  0.82240.053*
3UIKZMRKIRM 0.27940.069  0.33140.032  1.346£0.018°

4K RKYEWR  0.32740.002  0.34040.002  1.31340.027°

BEALOMEY K 0.295+0.046  0.51040.033  1.446+0.039*
3V UKZRKEW  0.31040.044  0.642+0.021  1.826+£0.025"

4% UK TRKEW  0.33740.012  0.637+0.006 1.839+0.015"

gEaROhEE K 0.3044+0.056  0.51240.034  1.374+0.0482
3UIKZ MKW 0.31740.013  0.62740.016  1.661+0.008"

4% KK 0.338+0.011  0.61440.007  1.717-0.018°

T NG FERORNR RN T R 22

BERY - AEH%,a=0.05),

3 &

R FORAR I 2, 4l 5 2R Bk A 0 437 2 1 v A 2R 3L
R A vh R RS SR RS A, I AU R BR O 0.066 mg/kg, R
SR T EARK I O 2. L3 Fhoi B 9 PLA W i
U RE AL BT T K 3% UK £ R KR WL 4 Y6 VK R K IR T
3 PP S BEAUIR .5.40,100 °C 3 BT A% 35 BF . o A% I ]
3 h BT RIR K. HF5 T PLA W45 i B E 76 3% 0T % & 1

TR AT . kI 25 R R, W R ORE R RN
1.839 mg/ kg, £ 45 IF b i ML AE 09 457 A2 1T 7% R 0 R B 22
Ko R XTI L 2ok R PLA WA 3EAT HH B Y
TERS TR, LA o 0 3 A T B 28 il A e 4 22 A
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