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Study on extractables in disposable syringe materials
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Abstract Extraction experiment of volatile compounds in disposable syringes from five manufacturers was under-
taken by GC-MS with high-space injection and semi-volatile compounds were tested by GC-MS. MS detection
ranged from 30 to 650 with electron ionization ( EI) source. Vanillin was used as internal standard to monitor the
sample pretreatment process. Liquid-liquid extraction ( LLE) and solid-phase extraction ( SPE) were compared to
acquire a simple processing method with more extractables in syringe materials. HCl, NaOH, Tween 80 and
ethanol-aqueous solution were used as extraction solvents. The method was successfully developed to determine
the unknown volatile extractables and the results were used to investigate the safety of disposable syringes com-

prehensively.

Key words disposable syringe; extracting test; GC-MS; volatile compounds
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E A SCHR R 2 H T — YO il W4 0 25 )
(W BREAF FE DA B S i i A0 ARG e 2
Yy 5 A AR AR ST O R Al b, X S5 AR U
10— U A e PEA T B U SR, 70 0] 25 4% i T e
I R 5 15 S g DL RAE B GRS 7R (HCL
NaOH, it 80, Z BE-7KIE ) w4 A R 45 1
() P SR B Ay B BT o e R i T
SRR A @S- FOE B A (GC-MS) R
Ty PEME /T

1 # #

L1 A5 %%

— MR RS o A S AR % (AR
5 AERIR) o R (ral) W B E 255 AL
AR R ), AR 2y T A 4l
.2 & %

Thermo Scientific TRACE GC Ultra-1SQ S AH {5,
BB AL Triplus RSH [ 8 BERE & (58
Finnigan /3 & ) ; DB-624 #+ (60 m x 0.250 mm,
1.40 um) ,HP-5ms (60 m x0. 250 mm,1.40 pm),
7820A S AH 1% A (22 [ Agilent /3 7] ) ; Welchrom
SPE Cg [EAHFEBUNME (R B E,500 mg/6 mL, 3
Welch /3H]) o

2 HiEEER

2.1 BB IR R

2.1.1 @& - &4 DB-624 £ (60 m x
0.250 mm,1.40 wm) , T %5 3 I #4062 100 °C,
SEAT R [E] 30 min, 285N He, i # N 1 mL/min,
SAEE IR EE Y 200 °C, EFE R 0. 8 mL, AL AR
JE 40 C %455 min; L 5 °C/min J} & 180 C , %
F£5 min; 85 LA 10 C/min F+ & 220 C, £ 45
1 ming, 3 B (£ %0 IE 280 C g7 =0
EI, Siim 75 m/z 50 ~650,

2.1.2 AR A UMER R A B BOR T SH
HESAL 73 BT 0.5 ~ 1.0 em By B, 73 3l AR HX
21 g KEHPRE , BT 20 mL TS rp &3, JE47
25 GC-MS £l

2.1.3 R AR HH FIRTT AN, X5 R L e
FEAE Gy 5 MW BT A T 404 , 45 R 515 e b A
HERIFEAT LU, R AU B = i 5T, S >
Ji— U P e R AS I 2 2R LA 1

2.2 AR Fe ¥ AR L MM ST R
2.2.1 &g HP-5ms £ (60 m x 0.250
mm, 1. 40 pwm) ,# <K He, i & 1 mL/min, S fk
A 300 °C L ghE 1 pl, HUEIGTRIE 50 C,
410 °C/min F+% 200 °C (1 min) ,SRJ5LL 2.5 C/
min J} % 220 °C (5 min) , L 2.5 °C/min J} & 250 C
(1 min) , £J5LAS °C/min F+% 300 °C (10 min) , Ji
T B TR D 300 °C, HL g )y =X KL BTt
YR 30 ~650,
2.2.2 ARG ES REIREGE =R 2 100
mg, B 25 mL s, I BV A O R ok B
20 4 mg/mL (1) AR A5 T TR, IO At A T
W, N EEM AT H] 40 we/mL A INAR TARIE IR o
2.2.3 HRmmam S5 AR K IRIERR
BRI TRIYBTRL 0.5 ~ 1 em 1Y B, 3 BIFRELZY
4.0 g, AR FRIBUA ) 10 mL, In 225 34 5 UK
(1 mol/L HCI %% ,1 mol/L NaOH A& 1 1% nt-j5
80 B AE M PR B I B4 A, BT 80 CHLAR
JCE 12 h;80% LIEK I WA A 46 O 77 A i
B TEIR2S C) FMFTHUE 24 h
2.2.4 REGik
2.2.4.1 R-mFRGE(LLE)

1 mol/L HCl F¢ S UK - INAFT 22 R AR
WK (40 pg/mL) 1 mL, & 545658 20 =+ N, A
HEGA 2.5 mL PR3, # B 202 IWEE T 2K
FEIA S mol/L NaOH ¥ 2. 5 mL, 257, {7k %K
B, IAZEHGR] 2.5 mL, 4%, 7 B 253 )2, 1K
LT 2K, 5 Z R A I, 1538149 5 mL
VR

1 mol/L NaOH Ff S $2 OB : AT = RN
FRE R (40 pg/mL) 1 mL, g G468 2 00N <-4,
IMAZERGA 2.5 mL 4R$% , & 2002, UE T 12
A B S mol/L HCI 9% 2.5 mL, #£4], fli /K%
WS, A ZERGH) 2.5 mL, 4R ¥, 7 B 257 )2,
W T 2R, 5 Z AT ISR R GO, 15 312 5 mL
R

1% 38 80 FF i J& HUA WL I AT 2= R MR
(40 pg/mL) 1 mL, & 5568 2 700w -, A
5 mol/L HCL i 500 wL, ¥ M iR M , in AZEHR
2.5 mL, %, #8202 WUE T 2
A5 mol/L NaOH ¥ 1 mL, %% 5], {f 7K 175 W Bk
PR IMAZERGA 2.5 mL, 4k $%, #8202, UET
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JEWBIAR, 5 Z ARSI S T 152120 5 mL VI
Table 1 Information for volatile extractables in disposable syringe materials from different sources by GC-MS with high-space injection
Peak Area( x10°)
Compd. Brand A — Brand B — Brand C — Brand D — Brand E —
Connector Pipe Dfr:iﬁler]lg Connector Pipe szﬁg:;g Connector Pipe D;Ez:llg Connector Pipe sz Eﬁzg Connector Pipe Dfr:ii:g

Methy! chloride ND ND ND ND ND ND ND ND ND ND ND ND 12 ND ND
cis-2-Butene ND ND ND ND ND ND ND 2 2 ND ND ND 8 6 ND
trans-2-Butene 2 ND ND ND ND ND 3 ND 0 ND ND ND 3 ND ND
Dichloromethane ND ND ND ND ND ND ND ND 1 ND ND ND 7 ND ND
Butanol 3 ND 2 4 ND ND ND ND 5 2 1 1 1 ND ND
Acrylonitrile 35 ND 2 2 ND ND 48 ND 8 3 ND ND 18 ND ND
Propionitrile 2 ND ND ND ND ND 2 ND ND ND ND ND 1 ND ND
Trichloromethane ND ND ND ND ND ND ND 1 2 2 2 1 3 4 3
Cyclohexane 28 49 57 4 4 2 41 5 15 3 2 ND 8 2 ND
Butenedianonitrile 2 ND ND ND ND ND 2 ND 4 ND ND 1 2 ND ND
Methyl methacrylate 37 ND ND 47 ND ND 29 ND ND ND ND ND 9 ND ND
2-Chloroethanol 11 4 13 ND ND ND 3 ND ND ND ND ND ND ND ND
2-Methyl-2-pentanol ND 2 9 2 ND ND ND ND ND ND ND ND ND ND ND
Toluene 12 11 11 40 7 7 47 5 21 32 4 6 11 2 3
4-Ethyl-2-hexene ND ND ND 15 ND ND ND ND ND ND ND ND ND ND ND
3,5-Dimethyl-2-hexene ND 5 ND 17 ND ND ND ND ND ND ND ND ND ND ND
4-Vinyleyclohexene 4 ND ND 7 ND ND 15 ND ND 4 ND ND 17 ND ND
Ethyl benzene 80 14 16 133 ND 1 179 2 10 43 ND 1 84 1 1
p-Xylene 6 5 7 5 ND 2 23 3 13 14 2 2 7 1 1
Styrene 128 25 39 ND ND 2 506 6 17 7 2 ND 245 1 3
p-Ethyl toluene 3 4 8 136 ND ND 12 ND ND ND ND ND ND ND ND
Isopropyl benzene ND ND ND 7 ND ND ND ND ND 3467 119 ND 6 ND ND
Cyclohexanone 5170 4783 6786 2253 99 559 20763 2732 17285 ND ND 2573 1545 239 1 966
N-Propyl benzene 2 8 ND ND ND ND 8 ND ND 8 ND ND 2 ND ND
2’1;1{’;1’5'Pe”mmﬂhyl 9 23 373 7 ND ND ® 81 137 ND ND D ND 3 7
2-Ethylhexanol 146 163 550 125 20 17 2 1 10 9 10 71 16 10 82
Phenol 21 24 27 23 10 ND ND ND ND 38 12 40 4 7 13
Acetophenone 3 5 3 ND ND ND ND ND ND ND ND ND ND ND ND

ND:Not detected

80% LT /K T WRAE it SR IO W AR 22 R
PWARIE R (40 wg/mL) 1 mL, & 55 76 2 70 i s =1
W, IMAZEAL K 30 mL, fif 80% & Wz i W i B¢ =
20% fEEHAE S — /W ke JE, A S mol/L HCI
VR 500 WL, R BRI, I AZEHLG 2.5 ml,
P, T e 2002 U T R WA BRI S mol/L
NaOH ¥ 1 mL, $82] , fK B , i AZE R
2.5 mL 4R3%, FE 202 UE T RRIE, 52
HICEE A T 38120 5 mL i, ] S e e
RES5 mL,

IR B — A W BE-C TR CE-H I (4: 4
1) o FARBUA T IR ST GC-MS 734,

2.2.4.2 BEHFEIE(SPE)

1 mol/L HCI ¥ {32 BUA W : Al 5 mol/L NaOH
VEICRE 4R O 0RO pHL T, A DLE, T 0. 45
pmol/ L P A5 118 aok [ AR A IR0/ IR o

1 mol/L NaOH #£ 5 #2BUA W - F 5 mol/L HCI
VWK R IO IR D pH 7, A BLVE, HT 0. 45
pmol/ L Fy S5k 118/ aok PR A A IR0/ MR o

1% 13 80 A S S2IBUA W : 1 0. 45 pumol/LL 1
DB N 0 5 3 AR AS RO/

80% LW /KI AE it 42 DU I I A 24k K
30 mL, fii 80% £, I & WA B &2 20% , F 0. 45
pmol/ L 4 318 1o 9 I 2ok [ AH 25 IO/ IV
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AR BONESE T 1 AR AR Bl 3 A IR
PRERAG FH BEG AL (3 ~ 5 mL/min) , DLRIFEAFR 2 5

HE,2 ~ 4 AR BRI T R — e i 8 b, N,
WZEZ) 0.5 mL, Jl Z 5 W ki E A £ 2 mL, i JiE

TIK(3 ~5 mL/min) A5, & 5% ~50% ttE 30 s, 5688 EIHWHEAT GC-MS 734,
AHLERIR G MK LA | ~2 5B ARAREL S~ 2.2.5 IR &R &I BRIy el , XA &
10 EHERAR AR 0P (1 ~ 2 ml/min) o BORIEM  AFERE R FIF 35 K R W) Bt 47 o0 B, 9 55 35
20 mL, L1 mL/min @34, §4E5E, 0 N, THE. P RORHER LT U, & 52 BORSH R Al 42 By Y
W B S TR A — S e BRI AE il ik SPE GC-MS KRl 45 R 7wl W3k 2 ~5
Table 2 Information for semi-volatile extractables in disposable syringe materials from different sources in 1 mol/L HCI
Compd. CAS </ (ne'e)
Brand A Brand B Brand C Brand D Brand E
2-Methyl cyclopentanone 1120-72-5 6 50 166 41 35
Phenol 108-95-2 ND 37 ND 121 55
2-Ethyl hexanol 104-76-7 ND 14 ND 22 14
p-Methyl benzaldehyde/ 104-87-0/ 48 ND ND ND ND
m-Methyl benzaldehyde 620-23-5
2-Ethyl aniline 578-54-1 ND 4 ND 2 3
2 ,4-Hexadiene 5194-50-3 ND ND 1 ND ND
Ethylene glycol phenyl ether 122-99-6 ND 2 ND ND 2
2,6-Dimethylbenzaldehyde 1123-564 13 ND ND ND ND
Benzothiazole 95-169 ND 2 ND 2 ND
1,6-Heptadiene 3070-53-9 ND 7 ND ND ND
Phthalide 87412 ND 2 ND 5 7
Dioctyl phthalate 117-81-7 4 117 3 17 23
Tetrahydrofurfuryl alcohol 97994 ND ND ND ND ND
Dinonyl phthalate 84-764 ND 63 ND ND ND
Table 3 Information for semi-volatile extractables in disposable syringe materials from different sources in 1 mol/L NaOH
Compd. CAS </ (ne/e)
Brand A Brand B Brand C Brand D Brand E
Cyclohexanone 108-94-1 5 16 135 23 17
Hexanoic acid 142-62-1 ND <1 ND ND ND
Phenol 108-95-2 4 52 1 431 471
2-Ethylhexyl mercaptan 7341-17-5 60 ND 322 147
N-Heptanol 111-70-6 ND 2 ND ND ND1
Benzoic acid 65-85-0 ND ND ND 1 <1
1 ,6-Heptadiene 3070-539 ND ND ND ND
Phthalic anhydride 85-44-9 ND 16 ND 116 89
3-Heptyne 928494 ND ND ND ND
Phthalide 87412 ND 1 ND 5 6
4-Aminobutyric acid 56-12-2 ND ND ND ND ND
2 ,4-Tert-butyl phenol 96-76-4 ND ND 4 ND ND
Butyl ethylene oxide 1436-34-6 ND ND ND ND 2
4-Tert-octylphenol 140-66-9 ND ND 2 ND ND
2-Methyl-1-nitropane 625-74-1 ND ND ND ND
Palmitic acid 57-10-3 ND 15 ND 7
1-Hepten-4-ol 3521-91-3 ND ND ND ND
Stearic acid 57-114 ND 66 ND 1
4-Tetradecyl ester hexanoic acid NA ND 4 ND ND ND
Dioctyl phthalate 117-81-7 1 35 ND 214 179
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Table 4 Information for semi-volatile extractables in disposable syringe materials from different sources in 1% Tween 80
Compd. CAS o/ (1g/e)
Brand A Brand B Brand C Brand D Brand E
Cyclohexanone 108-94-1 4 58 326 61 89
Phenol 108-95-2 1 24 1 49 79
2-Ethyl hexanol 104-76-7 1 20 2 28 36
Tetrahydrofurfuryl alcohol 97994 ND 2 ND ND 14
4-Hexyloxy-1-butanol 4541-13-3 ND ND ND ND 30
Triphenyl phosphate ( TPP) 115-86-6 ND ND ND 10 14
Diisooctyl phthalate 27554-26-3 ND 36 ND 62 144
(1-Hydroxy-2 ,4 ,4-trimethylpentan-3-yl) 74367-33-2 ND ND ND ND 12
2-methyl propionate
Erucic acid amide 112-84-5 93 ND 19 ND ND
Table 5 Information for semi-volatile extractables in disposable syringe from different sources materials in ethanol-water (80:20)
Compd. CAS </ (pe/s)
Brand A Brand B Brand C Brand D Brand E
Cyclohexanone 108-94-1 5 83 361 64 73
2-Ethyl hexanol 104-76-7 3 73 5 71 230
2-Ethylhexyl acrylate 103-11-7 15 3 ND ND 12
2-Nonrenoic acid 1846-704 ND 18 ND ND ND
Phthalide 87412 ND 5 ND 17 31
Nonanal 60784-31-8 ND 14 ND 6 6
3,5-Tert-butyl phenol 1138-52-9 ND ND 16 ND 10
2,4-bis (1,1-Dimethylethyl) -5-methyl phenol 497-39-2 14 15 5 9 128
1,2-Epoxy heptane 5063-65-0 ND ND ND ND 23
3-Enounden-1-alkyne 74744-33-5 ND ND 4 ND ND
Ethylhexyl benzoate 5444-75-7 ND 42 ND 113 178
bis (4-Hydroxybenzene) 1,4-diisopropylbenzene 2167-51-3 ND ND 3 ND ND
bis Dodecyl phthalate 2432-90-8 7 12 6 13 5
(3,5-Di-tert-butyl-4-hydroxyphenyl) propionate 6386-38-5 ND ND 2 2 3
Palmitic acid 57-10-3 ND ND 6 2 9
Dibutyl phthalate 84-74-2 ND 88 ND 278 496
Methyl octyl phthalate 91485-83-5 ND ND ND 26 52
4-Butoxy-1 -butanol 4161244 ND ND ND 11 111
bis Dodecyl phthalate 2432-90-8 ND 2 ND 37 503
4 ,4'-Methylene isocyanate 101-68-8 ND ND ND ND 10
Butyl palmitate 111-06-8 ND ND ND 247 281
Triphenyl phosphite 101-020 ND ND ND 158 191
(=) -Menthyl diphenyl-phosphite 138374-09-1 ND 36 ND 86 ND
Isobutyl stearate 646-13-9 ND ND ND 122 133
Dioctylphenyl phosphate 6161-81-5 ND 226 ND ND ND
Dioctyl phthalate 117-81-7 63 26 715 39 78 973 80 782
Oleic acid amide 301-02-0 95 ND 11 ND ND
11-Bromo-undecylamine 5875-26-3 15 ND 6 ND ND
UV absorber THUV-328 25973-55-1 ND ND ND ND 1 060
Erucic acid amide 112-84-5 ND ND 820 26 32
Behenic acid amide 3061-754 18 ND 20 ND ND
Dinonyl phthalate 84-76-4 ND ND 6 ND ND
3 W N T FEOT G IR A B RL R R 4 M T
9 AL RS o, A BIF 5 328 LT 22 T 412 DUV R 4 6
3.1 RIEF 695 HCL NaOH i3 80 I Z BE-7K o LA I AT O 2
SRR 4 Ve 25 25 R W e 2 A e EW%;HJE’J*:\@W AT AL P FE 2 AE 80 C R HEATHY,

AP &5 2 TR A PR BT o3 M7 ik I BRI R
SEBCA RN AL PR (I pH RS ) S KRR
MR MR R Ao ZEL BRSO R R B

e At R AR AR DL i T 38 B A A v ) 2
fil 25 o D3 AME LLE 3 22 HUR B 2H 0 o3 1 4
B 5 v )2 2 F HC1(5 mol/L) il NaOH(5 mol/L)



588 Y@ & # X & 24 Journal of China Pharmaceutical University 2017,48(5) :583 — 589

748 %

AT pH, AT Z U, H 7L T e s 2 i
HH R AN 18533 REAS AT BRI
3.2 FBUEM LA

TR — BRI ARG, % A A
) ASE I AE YT R IR E o AR SCIEH T —
APk R M- OlE(1: 1)\ R P ke- R
ZPE-H I (4:4: 1) 3 FPAEHGH], 70 548 T R AIAS
7 A B A% Ui o e ARk P 422 e e~ 4 AV ) o
(PRI 70531 9 HCL, NaOH, i 80, Z-7K) /Y
HOR o FR AR SR BB A A8 = A
BT RE , H BRI AR 5 1 25 U 4 70 B AL
R MU AR " A be- LR CBR-H BE (4041 1)
VBN LLE JEA0 PREGIR A ah B ZEBGR ) o
3.3 AR EE

F T AT SR B SRR, B AR AR i 5
BT B A S IO AR A s A R ARG 2 2R A A
TEY PR AR T A DA 1 e 7 R
THCHAb SR SE DL K RS MR A BOR  A R
U BT R PR RN o ASSCo3 S BT — P 2% 2%
AR 22 20, 25 2 Ay 22 2R ) e [ o At 9y it
M G, HAE — S W bt i i A R4, Bl e
AR
3.4 GC-MS 7k egttie

ANTRIAR A P 0 3 A 2 v S5 A 4 1Y) DB-624 A% 4
5548 PR () DB-1 a3 A 2L K HP-5ms 8335 4 43 51
TR MR A 2L S Ak T R BN ¥ R T ) I
) GC-MS Ff . 2553 A & B HP-5ms 5% i
an PR AT S BP0 2 B AOR A T DB-624 4 F
DB-1 #, H AL AL, (EMR L o 05 oh 5 HAB I AR
i A EL , HP-5ms A B FAERE PS4, AR Rk
REARR, T35 & BT 3 A7 o
3.4.2 BEFEEHGRAL BT KRR
TR SR I O 5 2%, S5 R R A, ok S 25 ST RE L
BER, R SRR 7 =X rT e & 30T $2 Uy 43 B8
RORAEE , 075 TR IR P TR . ead i fb i ek
B FHEFEF 2. 117 f1°2.2. 17 W F i,
REAE(H 45 4153 )R AT BB IR B IR A B o
3.5 R-mRFIUEL BAERERA LE

[Fi] TR A BT A B, V-V 2 B HL A A ]
B, Pt AR B S SPE kB AREA
PEIURN e & AR M D RE  (HARVE S e 2kt K1 3%
JRAE HCl NaOH |- i 80 | £ F- 7K 43 T A hy $ B
A4 BGA TR H, R H LLE 381 SPE 3% — ik 1
R RS T R RN P R M TR AT R RS B A 2
R, i s g R X H & B0 LLE 35 0] LA
AT Z A S A5 B

3.4.1 EaEAamAL SRR ROBPIET
A B
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Figure 1 Chromatograms of volatile and semi-volatile compounds in disposable syringe materials in differernt extraction solvents after sample pretreat-

ment (1. Solid phase extraction ;2. Liquid-liquid extraction)

A:1 mol/L HCI;B:1 mol/L NaOH;C:1% Tween 80 ;D : Ethanol-water (80:20)
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TEITHEST 1 GC-MS 454 Fid B A 3R By
T, U R A AL A R T BB AT D R
B HERR PRSI, I REAS B0 AL B, 0 S bR v
I ) LA, AR 5% R A% 45 2] nT 52 0 19 2540 15
Boo Gy ¥R AW T I 5 A B A RO L S R
HEHAL A3 AT I AE | 45 SR % 30 L e 4k b
A2 4R o, JUH LA IR | e B R
O SR TRk e A, Horh S AR —
R A TH S BAR P REERRA LK
(PVC) G350, Xf NIAF — & faF . A i sk
WO LE S g e A o A AT AR U R £ |
WL & (AR ST o $4E R BT R M T HR L
VIR gR oy BIAERR B AR PR BGA R ik T, B 1E
UL Er 24 700 %) A 2 e T LA B i T R 8 3 1
fil 25 A5 R RN, PVC ARG A% (58 B.D
E) fil TPE M BHAR &8 (S8 A (C) AH LG, BT & & A
IR By e b G R = v L e SN s
(AR — F R TR R YA 5%, an B o8 —H iR — (2-4
£ E (DEHP) | SF28 —H g —1E =5 (DNOP) |
PR R — T g (DBP) %%,

AW T LR BRI GC-MS Jrik, &
X5 ASANI] i R B — U VR A A T AT B O
I8, WGP SRR AR B 58 DA S RV A 4 4
PR AR T BRI AR
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