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 E. AN S04 E# (HPLC) R il 2 R 8 24 (PVC) Bl 4k 25 A AR R P 17 A4 7m0 (9 A 4 s B ) (3 4+
FLEA Ao SR RACH]) , KA LA B B, Titank C18 &34 42 (250 mmx4.6 mm,5 um) % & , vA ¥ B5-0.1% ¥ B2 /K 7k
A RBNAARR BB, Ak 1.0 mL/min, A3 30 °C, =4 E 7] ) B3t 474, SRk R E . SR A AT AR AL
AR T B R A RIF, AR5 A4 (RP)>0.999, 4 i FE 4 0.12~0.78 nglg, & & k% 0.24~2.61 pg/g, T3 @k &
88.45%~103.87% AR X+ AR 4R £ (RSD%, n=9) 4 1.21%~3.78%., %7 ik 3AE i & 455 AT AN S, E R T F s
M PVC B2 AL} P LT AT e i), T VA A A AL AR i o im AR R Z 4.
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Determination of 17 Kinds of Additives in PVC Sheet for
Solid Preparation by HPLC

RAO Yan-chun, XIONG Ma-jian, WANG Yuan-liang, ZUO Jun-feng, CHANG Liang*
(Jiangxi Institute for Drug Control, NMPA Key Laboratory of Quality Evaluation of Traditional Chinese Patent Medicine,
Jiangxi Province Engineering Research Center of Drug and Medical Device Quality, Nanchang 330029, China)

Abstract: A high performance liquid chromatography (HPLC) method was developed for the simultaneous determination
of 17 kinds of additives (nine kinds of ultraviolet absorbers, three kinds of antioxidants and five kinds of plasticizers) in
polyvinyl chloride (PVC) sheet for solid preparation. The samples were ultrasonically extracted with acetonitrile, and
separated on a Titank C18 column (250 mmx4.6 mm, 5 um) with a mobile phase of methanol-0.1% formic acid aqueous
solution by gradient elution. The flow rate was 1.0 mL/min, the column temperature was 30 °C, the diode array detector
was used, and the external standard method was used for quantification. The results show that 17 kinds of additives have a
good linear relationship in the respective linear range, and the correlation coefficients (R?) are all greater than 0.999. The
detection limits are 0.12~0.78 ug/g, and the quantitative limits are 0.24~2.61 ug/g. The average recoveries are 88.45%-~
103.87%, and the relative standard deviations (RSD% , n=9) are 1.21%~3.78%. The method is simple, precise and
accurate. It is suitable for the simultaneous detection of 17 kinds of additives in PVC sheet for solid preparation and
provides technical support for the analysis of additives in plastic hard sheets.

Key words: High performance liquid chromatography; PVC sheet for solid preparation; Ultraviolet absorbers;
Antioxidants; Plasticizer
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JLLPVC i A S, A 77 v N 48 AR e 551 L Bt 4
FUCTFERAL SRR, LS Ho 2 AU N T RE .
f0%e 5245 i B b IR BB 22 S, s
i 2R W R, By b AU N B AT 5 MR R
R, T UAE N ENEROF TR N W RS, 6 F Ak
faFES, FEFE =R AN ISGRI A — e B AR PR E AR
Py BB, S ECRIRIR RGN A i, 4Tk —
H IR TR 2 (PAES) B R —Fh IR B 3 3, ] T AR
SR TS -A PN NN 22 6 - a = R ¢ I S ES
PAEs 5 At et s Jei® , (B e 2 R bni &
i 22 A ARk B i i FE VAR 548 FH bR ) (GB 9685—2016)
FHRR B A2 RN (EU10/2011) Y% 6 ik 8
b 28 SR T L Bt A Ak TR I A R S TR IR BEA T U
B HE T ARV TR RS R R . H oA
52 G NSO A5 TR R ARSI 7 125 B e RO £ 15
AT T RE I F 7 SR RS T I R A T, R BURAS
W e — 2R AL 58 . B 2SR AT SO fa 0 1%
(i3] 3000 5 Pt it e O i R BRI ZR S8 MRS, ARk S
SRR FH 8 e RO 0 - H R TR A T 25 RS ZE bt
ARNHATIRA . PVC M2 HIRE w2 NS o1, i
AP I A FL A R 05 4 A A R T i AN RE
[N RE | TF 2253 2R RERE SE 0, JTEE A%

ARSI T AR SRR (5 70 8 251, R sk
WO, (HPLC) % [ I 28 PVC [ {24 F i H-vpr 17 FhiR
IR, 45 T S i RS
1 SEIERSY
1.1 ETRE

1941 PVC [l 424 A i (54 1~19) Ok B 6 K24
MAEFE Al 5 41K R — F i (DMP),, 41 >99.0% , 4R 7
T HIR LIS (DEP) , 41 >99.5% AR T IR L T ALK
(BBP), 4li [ 98.0% . 4Bk —HITR —(2-Z £ ) fig(DEHP),
4t i 98.0% , Stanford Chemicals 23 &) ; 454 W R . 1F 3¢
Pi(DNOP), Z1i 3 98.7% , v | {2 i 24 K e F ot s =.(3,5-
TRUT AN EL) S ORI G (HTAN 3114) , 4l 98%,
F A2, 4- ZFRFE T IEHEE(UVO), 4l 99.0% 2,2
T4 WA TR H(UV24), 4 99.0% ., 2- 3R HE-4-
AL 2R H iR (UV9), 413 99.0% , 2- (2H-E 3 =k -2-
X H WS (UVTL), 2R 99.0% . 2,2'- 3l HI H X - (4-F1 J-6-
T Ry ) (FT4E50 2246) , 40 99.0% , 2,2'- 3l F HE AT - (4-
BT FE-4-ZFIEWS ) (YT 425) , 451 98.0% -3 5E-4-1F
FEFE IR H(UV53L), 4l 99.0% , 2- (2'-F2 5L -5
FEFEFL) FEIF = (UV329), 4l 98.0% | 2- (5-51-2- 7K =k
F)-6-F T FHe-4- B HLTE W (UV326), 410 98.0% , 2- (2H-FE
JF=m-2)-4,6- . (1-H - 1-R B 28 5 (UV234) ,2-(3,
5- ORUT AL -2- FOR AL ) -5- UK IF = (UV327), 4l
98.0%, i 7 T 25wl 5 WEE . B, fo ik 4, 35 [ Sigma-
Aldrich 2> &) R , o044l , U B BhA A A IR A Wl o

1.2 s bikds&

B AR RS, LC-20ADXR, it SPD-M20A 2k 4
HVERTINES , H S Bk ot ; @B 4tk {3, Elix Essential,
] R S PR 0 )

1.3
1.3.1 (REPREG TR &

43 PR B FRBUAR 3027 50 mg 8]\ 50 mL kR a7 &
L, FH CRG TR IR R 2 20 B, W0 1) ok 45 T IR ot e B
Y9541 000 pg/mL (R A PRIfESE 2 0, W BT 0 TR &
PRUERE ST, Tl C I A e A5 TR N BT Sk Y4
0.5.1.0.2.0.5.0.10.0.25.0.50.0 pg/mL R 51k TR A brife
RSl
1.3.2 XS &

BORE S &, BYE 2 0.2 cmx0.2 om, 18 2] JE RS 2 FREL
29, BT HZEHIH, M 10 mL 2, #8875 (313 350 W,
B 40 kHz) 30 min, 4, ZEHME IS 1O 2, P22,
0.22 um SFLUENE ST , BREEDE .

14 LB g AT

6,35 F « Titank C18 {4,344 (250 mmx4.6 mm, 5 um);
TLANAH : A4 0.1% B R/KIET, B B EE . BEEEVERRET «
0~17 min, 60% B~85% B;17~27 min, 85% B; 27~43 min,
85% B~100% B;43~54 min, 100% B;54~55 min, 100% B~
60% B;55~60 min,60% B, i A 1.0 mL/min, #EFEE K
20 pl, A B T4 245 nm , HUEGRISA 280 nm, % 4b
WZWACHRI2A 290 nm, #E:R 30 °C.

2 Z#R5VHE
2.1 oA

L7 FRA IR AR B SR A DL S, BB AH
ik, DL C18 it 7433 . BT C18 3k Yy ik
B SR b S R L S BOR IR R R I
AR, [ IECRE | R RUAS (o i A, ek (R S AT A 2
el Sl g B % ZORBAX Edipse XDB. SunFire,
Kromasil , Venusil MP, Wondasil C18 Superb, Titank 3% 6 fi
SR RS A7 250 mmx4.6 mm, 5 um ) C18 6, A% 17 Fil
R S B R0 SR, Titank FERERE T 17 BRI 7E 42501
WML LR, Hoth 5 Fp i e SR o G i e 5,
Iy ERORACZE R ] @, R ] ZORBAX Edipse XDB FiFi
SunFire £, DEHP 5 UV329 ,UV326 5 UV234 {4, %k 584
A 1AM, b, RIREE H Titank @ik
30T LR 17 RRA A AR ) (R A (e g 1]

(a)ZORBAX Edipse XDB-C18 4



(b)SunFire C18 A&

(c)Kromasil C18 4

(d)Venusil MP C18 4£

(e)Wondasil C18 Superb £

(fTitank C18 4
7 :1-DMP;2-DEP; 3-UV0;4-UV24; 5-UV9;6-BBP; 7-UV 71 ; 8= 4 7 2246 ;9—
P4 425;10-UV531;11-DEHP; 12-UV329; 13-DNOP;
14-H4E573114515-UV326;16-UV234; 17-UV327
Bl 17#HmR LR R &0k &4 E (1=280 nm)
Fig.1 HPLC chromatograms of 17 kinds of additives on different
chromatographic columns (/=280 nm)
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MAFIEREE 15 Y% 18, LLH B A MLIR sl , RIS FE 3R 3
AHHIIN 2D i B , ] o3t 0 R W R, TRk & i T
el PRI, R F HRE-0.1% H /K i 3, SR A
()56 e F2 3 % 17 AR ISR 04T, 426 R e bk
{51 B ., ) A AR 43 B Bt T 4, 4L R 0 P £k
BYARREE R B, VL R BRI 4G HL 5] K 60% , ZEK A%
FESER s E] IR R A YA BIA %00 B , {H DEHP
FIUV320 U653 2 B 2 | H AR RSy AT ist i) sE 4 . R 1.4 Bt
FHEBE VR I , S AR RS A I 4 B R R
2.3 PERKMER

Pl 2 47 17 PP DSRIAEAS )RS0 38 1 T A f i ]
£ 190~800 nm JE [ Py & 17 RPNk 7 e K4, 15
B 17 PPN KT R . R
203 nm REGERE  (HAM TSR P12, 5220 T
P, B58 5 RS IN R E TG . AL SRS K
4245 nm, PLEEGRRTINE 1 4 280 nm, 58 AN RIS I
4290 nm.,,

B2 178 AR B AR K T idAn &% B
Fig.2 HPLC chromatograms of 17 kinds of additives at different
detection wavelengths

2.4 FERMEHE

fili JH] Titank C18 f4354E , 73 7| FL %% 25.,30,35,40 °CHE:
T 17 BRI S B O . B AR T L &R 5
R 5y BB TRILAH Y 458 . AT 25 °CHI 30 °C, & A8 )
PIREHIF o3 8, 5 C I TP R i s A1 35 °CH, DEHP Al
UV329 {0, IR AESC L2k 73 B9 s FETRL 40 °CI L {53 B3
16 AN {4,104 , DEHP 5 UV329 T3 , DEP il UVO0 43 2545
24 , 0 IR Fsf AR £ A 16 T B s R, A 5 )
Ay B 2 18, IR BRI R 30 °C.
25 FEASRBURAITIE
251 FEHUARINGIEEE

P 3 S Z RS FI BN 17 R DRI SRR AR o

B3 TR T BERT 17 A e 7] 3 BCHOR
Fig.3 Extraction effect of acetonitrile and methanol on
17 kinds of additives
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MR 3TTLLFE Y, R 17 Fh s I #0042 B ml fic 26
67.82%~96.85%, H ot UV234 , UV327 [l it Z A% T 75%.
CIEPEBUS A , i A 86.92%~105.82% , 15iHH
IEVE IR BRI SR R I
252 HEREFME

R i ) 2R R 7 s ) M R B A3 SR BRI, R A )
RGN R R I TR A T R R e i P, (H R R T
R R, A G K s Y R S R I o] RE D RE AR
i, FEARSR A 2% 0, (AR R RCR AR R )
TR BB 5 B RS T SO AN , ] R 3 A 5 43 B
R S b . ERERE AR A 40 Hz , B AR R
R P I Ta) % 17 Fh R DSRITR BOCR A 52, [ 4 FlE 5 43
AR R . I 4 BTLUE W SRR A Il R Fil
P T I T K, 4 1h KA F) 350 W, [mIICR T
fiif, PRI, L350 WobtESEB R Th &R, RIS i LI, i
7 30 min, B FE4- SR, ISR R 21 86% LA L, AkL 4 i
e T I g Y N2 T O S - o i e = N 121

30 min,

B4 #EFE 17 AR A R R E
Fig.4 Effect of ultrasonic power on extraction efficiency of
17 kinds of additives

B 5 A A A 17 A A ) $2 B R
Fig.5 Effect of ultrasonic time on extraction efficiency of
17 kinds of additives

26 ZMRAR MRS ERR

F 1A 1T FhASINGRI Ak 7 12 K R B2 e B TR IR
DA 1IN ZH 53 B T AR ORI ARR (y) | AH R o B 2 AR
AERROOVEPRIE RN 2%, A3 205 AL/ B T R . LA AR
LSy 3AEEMREL 55 10 FE(EME EL T R , T A H R
(LOD, S/N=3) 55 RFR(LOQ, S/N=10).

M LT LU A, 17 R IR EAH 5234 J3E T Rl P 2tk
RARRF, AR REIYKT 0,999, 17 FhE NG LOD 5

LOQ 434 0.12~0.78 pg/g #110.24~2.61 pg/g.
F 1 17H TR ey ZE 42 o R A T B Tk
Tab.1 The linear equations, detection limits and quantitation limits
of 17 kinds of additives were obtained

WA ZMsEE/ LoD/ LOQ/

&Y &k
o (R») (pg-mt™)  (ug-g™)  (ug-gh)

y=7402.8x+

DMP 954.18 1.0000 0.53~52.96 0.53 1.32
y=7402.8x+

DEP 9018 1.0000 0.51~50.54 0.51 1.26
y=6220x+

uvo o 1.0000 0.48~47.60 0.12 0.24
y=61283x+

uvz4 2889.1 1.0000 0.48~48.79 0.12 0.24
y=56592x+

uv9 22631 1.0000 0.50~50.01 0.13 0.25
y=66066x+

BBP 8579.3 1.0000 0.54~54.39 0.54 1.90
y=4711.2x+

uv7li 15112 1.0000 0.48~48.00 0.12 0.48
PUAF  y=44801x+

224(‘6I y 26015 0.9997 0.48~48.11 0.48 1.20
PUEF  y=15081x+

42;' y 4178.6 1.0000 0.47~47.47 0.47 1.19
y=13848x+

UV531 992.47 1.0000 0.51~50.53 0.13 0.25
y=47200x+

DEHP 50333 1.0000 0.52~52.14 0.78 2.61
y=3450.7x+

uUVv329 939,53 1.0000 0.49~49.35 0.25 0.62
y=32066x+

DNOP 34425 0.9999 0.50~50.36 0.76 2.52
PUEF  y=4178.7x-

31;4' y o1t or 09999 049~4939 074 247
y=5177.5x+

UVv326 192.42 1.0000 0.49~49.39 0.12 0.49
y=20656x+

uv234 25165 0.9999 0.48~48.45 0.12 0.48
y=19967x+

uv327 4503.8 0.9999  0.49~48.92 0.24 0.73

2.7 fiRAIEE M

KSR FREUBT % 2 0.2 cmx0.2 cm I FESL 2 g (45 13,
DMP 7 9.68 ng/g, UV531 3 14.15 nglg) , & F H ZEHEIE T
o, DN (40 pg/mL) (10 pg/mL) A%(2.5 pg/mL) ik
JEE TR A PR 5 4% 10 miL, 2 BRS04 7
5 B IR B PATH 65 3 ke, #%am el 2 AF I E , it
F M FIRE S R ZZ(RSD) . #2247 17 A IR 2 i
FMEE M, WF2TLFE W, 17 FhEIRE skl
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HA R T st f s 8 1%
k2 1THFmA T Dk R g E M (n=9)
Tab.2 The average recovery and repeatability of 17 kinds of additives(n=9)

[ DbRE ISR ECR/ FXE RSD/ Su sl DIRRE AR RS qiiiJlEI RSD/
ug ug % BeE% % ug ug % W% %
26.48 44.03 93.02 25.26 52.14 94.15
1 DMP  105.93 118.70 93.73 9309 131 [10 UV531  101.06  119.94 9060 9281 215
423.72 411.43 92.51 40424  407.15 93.68
25.27 22.22 87.94 26.07 26.50 101.66
2 DEP  101.09 95.27 9424 9255 378 11 DEHP 10427  104.80 10051 9954 253
404.37 386.03 95.46 417.09  402.36 96.47
23.80 20.54 86.31 24.68 23.25 94.20
3 UVvo 95.20 87.51 91.92 9050 3.57 [12 UV329  98.71 94.05 9528 9574  1.82
380.79 355.22 93.29 394.83 38591 97.74
24.39 21.63 88.67 25.18 22.22 88.25
4 Uv24 9757 87.93 90.12 9026 1.65 [13 DNOP  100.73 88.86 88.22 88.45  1.56
390.30 359.01 91.98 40291  358.09 88.87
25.01 23.40 93.58 2470 25.56 103.50
5 Uv9  100.03 95.44 9541 9548 214 [14 *Z ’i&fﬂ 98.78 103.18 10445 10387 133
400.12 389.98 97.47 395.14 40958 103.66
27.20 25.10 92.29 24.70 22.63 91.64
6 BBP  108.78 98.93 90.94 9221 1.21 15 UV326 9878 95.24 96.41 24.08 229
435.12 406.41 93.40 395.14 37216 94.19
24.00 21.01 87.53 24.23 22.47 92.77
7 UV7l 9599 85.64 89.21 8920 1.86 [16 UV234  96.90 84.99 87.71 89.12 3.4
383.96 348.83 90.85 387.61 336.74 86.88
o 24.06 22.84 94.95 24.46 21.95 89.76
8 T)Zizu 96.23 94.81 9853 9826 2.87 17 UVv327  97.84 90.40 9240 9072 1.69
384.91 389.88 101.29 391.37 35228 90.01
o 23.74 2351 99.05
9 %)ifu 94.94 98.25 10348 101.93 3.14

379.77 392.17 103.27

2.8 ket

Bl 23R8 iR 10 pg/mL A S , 7RSI
SAFFIE0.1.2.4.8.,12.16 .24 h 5, 43 Sk (a0 4
AN 5, 25 2 17 Fh i 0 5 T AR 8 RSD Sy 0.65%~
1.92%(n=8) , FEHH F- AN INFIAE = il 5 ¥ 24 hF27E .
2.9 ARSI E

PR A 778 RHISCEE AR 19 AR LA TN 2 | LAKR
HERR R H BRI IR & 2. &l 6 g s 16 BukE
SV A S . 3 3 MRS 17 PR ISR E 45 R . A
F3WTLLE ARG A 4 A GRS 23 R 2R
DMP, ££/MNJZ i ) UV531 ,UV329 . UV234; Hi 4% 13 FhiR I
FIARREH . UVS3LZE 18 HLFE R ks Y, A 158 94.74%,

&8l 1.41~14.15 pglg, 5 L EE SRS H UV329, S & A
0.54~1.13 pg/g, 3HHAE S H 23 il4G H DMP FlUV234, & &
435114 5.64~9.68 ng/g Fl 1.24~2.59 pglg.

F6 #1669 40EEH

Fig.6 HPLC chromatogram of sample 16
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A3 B 1T A A A R M 25 R /(ng-g*)
Tab.3 Determination results of 17 kinds of
additives in samples /(ng-g*)
Hdhdws  DMP UVs31 UVv329 UV234
1 — 5.65 0.95 —
2 — 7.06 1.13 —
3 — — 0.62 —
4 — 3.71 — —
5 — 5.26 — —
6 — 4.22 — —
7 — 3.78 — —
8 — 4.86 — —
9 — 5.27 — —
10 — 141 — —
11 — 4.82 — —
12 — 4.25 — —
13 9.68 14.15 — —
14 — 4.73 — 1.24
15 5.64 4.84 — 2.59
16 — 3.61 — —
17 — 4.64 0.54 —
18 — 4.90 — —
19 — 4.90 0.62 —
T 7 Rk
3 #ig

ARSI R PR P ARG, 5 RO (T B X
HURTALERZEAE i BT SRR T OAL , D ik B 4t mlig
R AREVESF A TIAIE , @ 7RISR PVC [ {424 A
BERHp 17 ROEASIIGRE R0 T7 1%, I T2 bRt R
T HAT B A SC & B PR A, ASIm] R
PATR i 125 18 ) 73 A AR, vl ] s S SRl 7) |
PUAAFAN AL TN E , FEAR ARG s, 49 1A
AL EA AT I ), $ e AL o AN 7 i oA R At
RS AT IR T U7 4E, 3 T PVC [ i 2 R A
L7 TR ] I AGEIN , m] Ay LA R p S IR 73 A S it
BRI

S ik
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