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WE: B &S0 T AR R H RN 5 e d il R FALAN iR F ARCK = 7 BR = 7 &5 (DMP) 483X = W iR =% T & (DIBP) (48 3k =
¥ 82 = T & (DBP) (AR X — W B — X 8% (DAP) ARE = W 8 — 28 (DHP) (2 — A& T4 ) AKX = W R 85 (DEHP) (AR K = W Bt s+
Z A5 (DDP)7 A 4K K — W BR B5 (PAEs) R B A A& F oy S aumtba &tk  Fik RIEN A A Tl &34 A Waters Symmetry
Shield™ RP,, #£ (250 mm X 4. 6 mm,5 pm) , A ZH 484 1% BB K% — B (B2 M), 7%k 8 1.0 mL/ min, A8 4 30 °C, Al ik &
% 277 nm, # A% A 10 pL. &8 DMP, DIBP, DBP, DAP, DHP, DEHP, DDP # /i % 3R & 4 % /£ 1.08 ~43.32 pg/ mL. 1. 03 ~
41.15 wg/mL.1.03~41.39 pg/ mL.1.03~41. 14 pg/ mL.1. 03 ~41. 08 wg/ mL.1. 03 ~41. 15 pg/ mL.0. 97 ~ 38. 68 g/ mL FL B A
HuEmAEE R R RIF(r=>0.9999,n=6) ;45 % E AR T F A MR LR RSD ¥ 0T 3. 0%;-F ¥ At w ¥ & 55 90. 53%,
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Determination of Seven Phthalic Ester Plasticizers in Glycerol Fructose and Sodium

Chloride Injection and Five — Layer Co — Extrusion Infusion Bags by HPLC
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Abstract: Objective To establish a high — performance liquid chromatography (HPLC) method for the content determination of
seven phthalic ester (PAEs) plasticizers [dimethyl phthalate (DMP),diisobutyl phthalate (DIBP),dibutyl phthalate (DBP),dipentyl
phthalate (DAP),dihexyl phthalate (DHP),di (2 - ethylhexyl) phthalate (DEHP),and di (dodecyl) phthalate (DDP)] in Glycerol
Fructose and Sodium Chloride Injection and five - layer co — extrusion infusion bags. Methods The extraction solvent was
dichloromethane , the chromatographic column was Waters Symmetry Shield™ RP, column (250 mm X 4.6 mm,5 pm),the mobile
phase was 1% acetic acid aqueous solution — methanol (gradient elution),the flow rate was 1.0 mL / min,the column temperature
was 30 °C,the detection wavelength was 277 nm,and the injection volume was 10 L. Results The linear ranges of DMP,DIBP,
DBP, DAP, DHP, DEHP, and DDP were 1.08 - 43.32 pg / mL,1.03 - 41.15 pg / mL,1.03 - 41.39 png / mL,1.03 -
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41.14 pg / mL,1.03 - 41.08 pg / mL,1.03 - 41.15 pg / mL,0.97 — 38.68 pg / mL (r = 0.999 9,n = 6),respectively. The
RSDs of precision, stability, and repeatability test results were all lower than 3.0%. The average recoveries of seven PAEs were
90. 53%,98. 59%,97. 69%,89. 23%,101. 33%,91. 72% ,and 98. 15%,with RSDs of 8.73%,7.66%,6.16%,7.15%,6.03%,5.59%,and
7.23% (n = 9) , respectively. Conclusion This method is simple, sensitive, reproducible, and accurate, which can be used for the
content determination of seven PAEs plasticizers in Glycerol Fructose and Sodium Chloride Injection. It also provides a reference
for the migration investigation of PAEs plasticizers in other plastic packaging injections.

Key words: HPLC;five — layer co — extrusion infusion bags;Glycerol Fructose and Sodium Chloride Injection;phthalic ester plasticizers;

content determination
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Al BTG e R SCAR ARSI RS T A T 19 Bl PAEs 23
SAF I AR AR 1 B H R F 2R R A (PDE) A2 4
(SCT) , (&M% EEbRE B T flobr Rk 2 il 5 A
AN F A FARE) (GB 9685 — 2016) 914 41,25 A1 ) v
IR I0FR A e Rl i B RS A T IR AL, 2
i AR A RE (T RR 245 G0 44 ) AH 25 PEBIE 55 v PAEs 233 48
R % VPRI E T 2% AR P R TR eF IR,
X2 2 i 5 B IR 3 B A A I SR BT 55
W GRAT) ) (LA R AR CHE SR L 8 g S i 4 2R
TR T HE(DBP) BL(2 - Z K C 3E) 42K — H iR ik
(DEHP) 482 — I iR W -+ ik (DDP) , LA J% 2 % SC ik
(3,10 — 15 ] 1k H A48 2K — H iR — H fig (DMP) 4%
T HR 5 T (DIBP) (2828 —H iR — % & (DAP) 48
KR Z CBE (DHP) 3t 7 Fl PAEs 283 98 50 ik 17 F
S8, BN T T R A RN vk SR Sk gk
TSR 3R 7 R PAESs 2R3 9570 & 1) S RO 0
(HPLC) ¥, 2 it i S HC At 98 A0 28 1 S 350 28 7 i v
PAEs ZEHE MRS 5 00 09 A 80 4 B R 2% 81
I,
1 UFE5KH
1.1 =8

XS205DU %l By, 7 A (Fii - Mettler Toledo 23 Al , 4

J& 4 0. 01 mg) ;2695 A HPLC A (£ [E Waters 2\ 7] ) 5
Milli - Q Advantage A10 %4 46 7K i /K ML (£ & Merck
Millipore 23 7)) 5 AS5150A BUHA 7 I8 i Ve AL (K e L RR 5
B A R R, TR0 180 W, 458 4 40 kHz) .
1.2 iRF

FZ LB R A4S (B F] L 52 D190701 - 1)
H I AR A AR T R (R R 354351 A190701,
A190702, A190703, FLA& 4 B 250 mL) ; DMP X i i
(L5~ G163559, % &4 99. 9% ) , DIBP X & i (41L&
A G141696, & & 4 99.5%) , DBP % F & (4t 5 K
G141687, & & N 99.4%) , DAP Xf B8 5 (it 5 K
G159523, ¥ i N 98.9%) , DHP Xf & 5 (it 5 K
G141694, & & N 97.9%) , ¥ W 3 Dr. EHrenstorfer
GmbH; DEHP X i iy (€ [H Sigma — Aldrich 22 7], #t5 4
MKCD5517, %554 99. 5%) ; DDP X 8 i ( L B Acros
TS A0343007, 5 ik 97. 0%) 5 HEE (AL
195912), IEC ke (354 195407) , ¥k ai 4l , iy B 55
Fisher Scientific 23 &) 5 £ R ({44l , SN 7E B
AR ]S R310001 ) 3 G H e (4Bl sliAR T
B AL 24 A FR A WL HiE5 2k 20170612) 5 7K Ay 4t 7k
(Milli — Q Advantage A10 B 4li7K AR RS H145) o
2 HEEER
2.1 BiEFH5RFERERE

{354 . Waters Symmetry Shield™ RP g4 (250 mm x
4.6 mm,5 wm) ; i BN A : 1% BE R K W (A) — Wi
(B), B Ve MG (VAR Y ULZR 1) 5 33 < 1. 0 mL / min;
FEIR - 30 C; KM K 2 277 nm; #EAE S 10 wL 7RI @
TEAETT TR A X BE S VR (T F v 5 R 10 g / mL) Y
G LR 1 2L G 30 o B B KT 1.5, e
HOKF 5000,

F1 REEREEEHER (%)

Tab.1 Gradient elution program of mobile phase (%)

B REIAA AHAAB | BE AFHAMMA AHAEB

0 min 40 60 42 min 0 100
10 min 40 60 52 min 0 100
20 min 23 77 53 min 40 60
27 min 10 90 58 min 40 60
35 min 10 90
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1. Dimethyl phthalate
4. Dipentyl phthalate 5. Dihexyl phthalate 6.Di (2 — ethylhexyl)
phthalate 7. Di (dodecyl) phthalate

Fig. 1 HPLC chromatogram of the mixed reference solution

2.2 AikH&E

Ay BB ¥ 5) DMP, DIBP, DBP, DAP, DHP, DEHP,
DDP X i it 4538 1, WG PR g, 20 8 10 mL A B,
i B 7 BT R R B2 XS O 1000 g / mL Y HL—
XoF HE i T 8 YR 4 DR 288 BB S B — o IRt 4 R
%2 mL, B 50 mL 25 i, 0 R B 2 T A vk
BE 3 9 ok 43.32,41. 15, 41.39,41. 14, 41.08, 41. 15,
38. 68 g / mL TR A X HE AT

B )2 LB 4%, BT A2 5 mm X 5 mm K
INARATE2.5 o KEEFRE , BN IR @A T, 25 mL
AW B, A A B (PN 180 W, M #4540 kHz)
45 min, LA FEARIE TN, il P B0 R
225 mL &I, I B E 2 0. 45 pm JE R UE B E
b, SRR, BIASPE AL It Y VR

CH Il R0 S A B S 25 mL, BN G L A4
HOREREINA 25 mL &P, B AU, [RIRAER 2 1K,
GIFAPLZE B R IE TR, akid W iR 7
R 10 mLA R, I EEE 45, 0. 45 um JE B UE
g L, B UE TR, B A A VA R
2.3 HRFER

RIS R L HL 2. 230 PR A % R
T HR PR R B AR 91 B A v B A TR A X

2. Diisobutyl phthalate 3. Dibutyl phthalate

il P RO
HEE sty 9 R (DL

A PpE

F2) 2. 1IN OGS REIE , DA AR (V) 9 L
ARAR TR (X, g / mL) R AR BR A TR A ] I 4
UL 3, R TR PAEs ZEHY I FITE 45 11 5T vk B2 310
P I T R O AR R

2 RBRAEMNBEEAGERERE(pg/mL)

Tab.2 Mass concentration of the mixed reference solution (pg / mL)
PAEs 1 2 3 4 5 6
DMP 43.32 21. 66 10. 83 5.41  2.17 1.08
DIBP 41.15 20. 58 10.29 514 2.06 1.03
DBP 41.39 20.70 10. 35 5.17  2.07 1.03
DAP 41. 14 20. 57 10.29 5.14 2.06 1.03
DHP 41.08 20. 54 10. 27 5.13 2.05 1.03
DEHP 41. 15 20. 58 10.29 5.14 2,06 1.03
DDP 38. 68 19. 34 9.67 4.84 1.93 0.97

Ao R 5 7 i PR A < OGS IR W (DMP, DAP

FEHE 4 0. 20 pg/ mL,DIBP,DBP,DHP,DEHP, DDP
JRE A BEYA N 0. 60 pg/ mL)IE &L $522. 1300 i &kt
FIAE  LIMEME L (S 7 N) Ay 3= 1 B F) o d i 2 R A T B
PAS/NZR10: 1B BT ik B2 ko PR 45 2R LR 3

2 B < 2. 2 T YR A X IRt VS R R,
BRI LN S e / mL AUV, $5 2. 1 00 R (3 2%
P BTN A 6 IR, T Sr e 1T FH 25 R DL 3R 3, R IAAY
kG B AT

e TS « BT v SO S B S (FiE5 ok
A190701)25 mL, B 44 [ b 45, i 25 mL — 5 H e
FE, A EAYUZR, FEERB K, I VLZ , B9 3
A 2. 2750 IR % BRI (B itV B4 40 pg / mL)
0.5,1.0,2.5 mL, #ll FLZ5 , BEZHE T4 7], 5% i FH HY
B0 2 10 mL AR, INH BEE 25,0, 45 wm JE
T VB REE L, BDARAIG b v BT A VR B A A R e
W, BRI SEAT 3408, He 2. 1 T i 5 R ERE 22
TSR TR, JFHAR IR i3 48 2R L 3, R By v 1A
B R

FEE AL th TEBAE A R 7 PAEs 28

R3 AEFERER

Tab.3 Results of the methodological investigation

PAEs B , SERE AN’ REM BEEARY  BRRRRORSD(%,n=3)  TLAEER(%,n=6) BEDKER(%n=9)

(pg/ml)  (pg/mL) (pg/ml) RSD(%,n=06) RARBHER MHREASER  FHOKE  RSD  FHEKE RS
DMP  F=3980.283 1 ¥+221.6901 0,999 1.08~43.32  0.25 (.83 0.35 1.35 1.33 9.65 0.3 90.53 8.73
DIBP  F=2780.4799 ¥-432.7587 0.9999 1.03~4.15 0.5  1.93 0.77 1.93 1.71 108.04 0.9 9%.59  7.66
DBP  F=2632.0336X-553.6010 1.0000 1.03~41.39 0.4 137 0.99 2.54 0.65 10496 2.08 9.69 616
DAP  F=2422.3332 X+167.3570 1.0000 1.03~41.14  0.31 1.03 0.45 2.3 0.14 9%.42 0.7 89.23 715
DHP  F=2166.7170 X-9.4249  0.999 1.03~41.08 0.25  0.82 0.25 1.61 0.54 07.81 137 10133 6.03
DEHP F=1907.8299 X-334.1605 0.999 1.03~41.15  0.53 175 0.46 L7l 0. 64 %12 0.7l o7 55
DDP  F=1299.5915¥-222.8324 1.0000 0.97~38.68 0.46 154 0.90 2.04 1.31 105.77 182 %15 123
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2. 1T i S5 R AR I A |, T S e T AR, I AR Tk
ROER RS, KW EEEERL.

FooE M« Rt S R ARV IR A R
VAR (R ] 5 wg / mL) B T A2 MR 06 T T o ]
e A A 32 VS R 45 3 e 0 ) T 25 CCHCE 0,28,
55 h5{0,31,55 h 44 2. 1 30 F 6 35% 2 - e AR 5E L 3]
ST VA TRT L o 445 SR L3 3, 38 YR A5 b R 8 Y0 R i s 1%
AR 25 “CHUE 55 h iFa e TEY BT
2.4 RESIBHESREENE

1M BT 2 B RO 42 (52 D190701 - 1) F1
T S OBE Ak B B CHE 5 4 i D A190701,
A190702, A190703) 45 3di & , #4¢ 2. 2 WU T J5 4k 43 il il 4%
i A 3 5 VA VORI B 3K TR A BB R A
o3 ) I R 2% 1 IR R (40 £ 2)°C, AH X B
(25 +5)% ] FAAH0MH 34 H .64 A AL 56 4
LR B (25 £ 2)°CLAHXFRBE (40 + 5)% ] FAFTL64H
124 H 244 H 4350485 2. VIR (3 4 kR 5
TESRUE TR, PR AR I TR & o 45 R AR B i s
TG Y B DEHP (B VR B R 1. 25 pg / mL) , Hidy
6 Fl PAEs JS 18 S50 X ARG 5 3 B8 A3 5 ¥ Y o
RIEAMF P A0 A 34 L6 A FITER il 5%
PR 6 D H 120 244 H 3R S A
IR 7 PAEs I IAG] R W] R 7 B PAES 23 9 5]
FE I 50 A A 30 2% A 45 1) H ok SR b S Ak

ER P IT .
3 itie

3.1 PAEs KEBFTEBRREIF-HEX

#5423 , DMP, DBP, DAP, DEHP /Y PDE( 11 IR 4%)
43 %124 8. 00, 0. 50,0. 36,2. 50 mg / d, DIBP, DHP, DDP
) PDE Z 18 DAP ) PDE( HIRi& %) 4 0. 36 mg / d'3/, A
FHZG S B AR ZE R E PR 22 (ICH) Q3D 48 i, ik
WA () PDE & 7 5 & 42 PDE 9 10 £ . it DMP, DBP,
DEHP (1) PDEGESTiE42) 43324 0. 80,0. 05,0. 25 mg / d,
DAP,DIBP,DHP,DDP ) PDEGESFAIR)IIN0. 036 mg / d.
T S S AL AR SRS B H B K 1000 mL
(44%) AR EH P PEI B (AET) ,AET (g / 48) =
PDE(g/ d) /B H H 25 (487 d) . i i+ 5 13 DMP,
DBP, DEHP [ AET {8 (3 3% 42 ) 43 5l 55 4€ 200. 0,
12.5,62.5 g,DAP,DIBP, DHP, DDP i AET & ({3 51 %
PO 43489, 0 g MR 2. 4 30 F & B0 5 45 9l 45
H A RSB R A o DEHP & 2 5848 209. 62 pg
(BAAAELL16.77 g1t s A 2B TR R 257 i i
HAET{E (548 62. 5 ¢) , T RERL IS, DLTFAL #)2

L A4S DEHP J2& 75 % 24 1 Al 22 4 XURS
3.2 WLEKSREEE
K H HPLC A A3 Ak & W sk, e 456 4 114 55 7 i
R R O 50 A 285 R A 1 RN AL Y DG B o iy I i
K, T Fh PAEs 2588 ¥AFE 190 ~ 300 nm 7 K B N 2
A e R ASBIE G 455 i s AR T Rk & P i 25 41
WS | e 0848 277 nm AR RGN K
HPLC {UH I sh A TS O H B K & HAN [A]
LB TR B 1, 38 AT A # J 1 BR a F) an R L &
PR K SRR T pH A AT 50 & 0, SR 1% B iR /K
VS VRN Y B AT A A5 S s AL S W i G PR R
JE R BELe B VAR O BOAS IS TR B4 1% B PR /K S W -
RS Ry Tt sl AH 3R e R A 7 B Y
3.3 BFEE
35T LA 50% SBER I A b L IE O T
259 CH i A S AL AN S ) s 7, 75 2 B 45 min
B PSR 5 2R 50% CBE RO Z5 W rh Y ARG ) E 3R 7 F
PAEs ZEHEHA5) ; — S H e | 1E O be 3 B 2 505 i
ARG ) DEHP  [A] I 25 18 — Gl o8 1) 1 55 (39. 8 °C)
R TFIEC KRS (69 °C) B K, AT ik $5
A R R BGA
3.4 HmEENEERIWN
HIRA LY PR IEE A B s K H o DEHP (T &
WeFE R 1. 25 g/ mL) , {H7E s i 6 i 1 6 2%
T 3HLRE S TR AR IR 7 R PAEs JSHE R HOA
R 7l PAESs ZE3E B AT H I SR A S I B
LA XU S CHE R B L, 24 A P Al ik R 2 ) 3t
B A B A RS 25 i e R G AT i 24
i R Y pHL, 22 HBZE B PEA PAES 2835 3 5]
RS RS, , DAGR I i o it S FH 242 4
3.5 AHEFEM
ARG o ST 0 7 AR AR A R
U 25 A, AT R T I RO A A S 7 A
PAEs 238 80 551 i 3 5000 2 , - Sy At 3 4 2 3 53 5%
HH PAEs IR IR B AR L T 5%
SN
NEEETII T2 - EE L L INE 3 R -5 VT
HAAA AT AL ARAR TR M (GXA47)[A /OL]. (2018 - 04 - 26)
[2025 — 02 = 01]. https: // www. cde. org. en/ zdyz/ domes-
ticinfopage? zdyzldCODE = a38135dfe72524a15d357e060{2h
82d4.
24 4,5 ®#.% A, 5. RETELEHOCERS
AR = B B8 KA SR B B A s R ar )] LR
& 5 ,2023,50(21) :3980 — 3984.
(3] A&, 575, 31608, 5 PVC RS PARCK — WER B 49
AT ABRT]. P EBEA,2023,37(8):86 - 92.
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