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ABSTRACT: The work aims to evaluate the uncertainty in determining the content of three antioxidants in plastic pack-
aging materials by gas chromatography, and further improve the accuracy of the antioxidant detection data in plastic
packaging materials. According to SN/T 3042—2011, the content of 3 antioxidants in plastic packaging materials was de-
termined by gas chromatography. After analysis of factors affecting the uncertainty, the uncertainty of each main factor
was calculated according to the corresponding mathematical model and the expanded uncertainty of the measurement re-
sults of 3 antioxidants in plastic packaging materials was obtained. The expanded uncertainty of measurement of three an-
tioxidants in plastic packaging materials was BHA: (14.65+1.09)mg/kg, BHT: (14.68+1.03)mg/kg and TBHQ:
(14.44+0.65)mg/kg (P=95%, k=2). The main factors affecting the determination uncertainty of the content of three anti-
oxidants in plastic packaging materials by gas chromatography are: standard curve fitting, measuring tool for preparing

standard working fluid and instrument precision. The uncertainty can be reduced by more accurate measuring tools and
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instruments, suitable concentration points of standard working fluid, and improved practical level of personnel, so as to

further improve the accuracy of detection data.
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1.1 EERFFnd4r1

FEXFAAEL . BHA. BHT. TBHQ RS hnifi
VR TR A 1000 mg/L, 3% 28 R R R E ) 5 0 5
Wobe, ik, BRyEBmARA R SR KIFE
i, ORI E AT
1.2 U/ HF

FEALS £ . Agilent 8890 S AH (ALY, Bl
FID il #%, ZHeRid: (HE ) AFRA ] ; BSA224S
MR RS BE SN 0.1 mg, 75 38 £ F 723 7 5 Vortex-3
BRI A, RO M)A BRA F] 5 Cryomill
BRI, fE[E Retsch (3 ) A F] .
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mg/L )0.05.0.125,0.25,0.375. 0.5 mL T—41 25 mL
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SR FAAR IR VA URITF IS {SCRE A A I IS TR ) AR 2 ¢
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PL 10 mL 3R Ui 28 £ 3 IR, B I VROt E BN
2mL, #EA7 0%
1.3.3 SHBIEEYE

iEFE . HP-5 (30 mx0.25 mmx0.25 um ); JHE
. Wi 50 °C, LA 20 °C/min THE Z 200 °C,
LI 5 °C/min FFEZE 230 °C, LA 20 °C/min FHEE
250 °C, PRF¥F 5 min; PEEECTEE N 270 °C; Al #%
RN 300 °C; AN 1.4 mL/min; #EAEE R 1
ul; ARIERE
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Uy (t)fo0.0034
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Tab.1 Relative standard uncertainty introduced by standard material

wEw b TR S0 i /(mg L) PRI B A E BE (% k=2) /(mg'L™") FHR B AN 7 JEE
BHA 1000 +5.45 Uyrel(Cea)=0.0027
BHT 1000 +5.45 Uyrel(Cpur)=0.0027
TBHQ 1000 +10.27 Uirel(CTBHQ)=0.0051
®2 EBREMASINMBEXRESHEE
Tab.2 Relative standard uncertainty introduced by use of measuring tools
wH il IV o2 AR o AN T E
e Ly 0.03
25mL A&l (A%R) 5 £0.03 mL Uress =155 = 0.000 69
X
. 1.5%
200 pL B AR 2 +1.5% Upeppoo = ——— = 0.0087
; 1.0%
1000 pL F& ¥ #% 3 £1.0% Uretono ==, — = 0.0058
®3 IMIANTIRAERTIBA RN EETR
Tab.3 Measurement peak area of 3 antioxidants in standard series of solutions
VAR T MR B /(mg L)
(lotg?]
2 5 10 15 20
BHA 31.578 74.905 158.76 224.766 297.789
BHT 36.525 93.075 191.059 280.631 373.928
TBHQ 18.987 43.125 102.897 151.66 222.825
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Tab.4 Relative standard uncertainty introduced by standard working curves of 3 antioxidants

ay PRl T AR 25 LIPS 311 FRAED 22 s(A) Uret(Q)
BHA y=14.0927x+0.1466 0.9994 15.98 0.0483
BHT y=17.7412x-1.1302 0.9997 17.39 0.0417
TBHQ y=10.9905x-4.6918 0.9982 7.98 0.0313
2.3 FEmBTAbIE S| NI ARAE R E E 2.5 FEmEWES| NFBEIIREREEE
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Tab.S Single standard pipette used in pretreatment process
BRI (B %% ) /mL it IV KR fr2E/mL
2 1 +0.020
10 3 +0.040
50 1 +0.10
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Tab.6 Relative standard uncertainty introduced by repeated measurement of sample
. #ti/(mg kg ) e
& FHE c/(mgkg ) BRHERZE sX) Ua(X)
1 2 3 4 5 6
BHA 14.613 14589 14781 14.685 14.664 14.576 14.651 0.0697 0.00275
BHT 14.653 14.619 14.819 14.710 14.697 14.607 14.684 0.0709 0.00279
TBHQ  14.393 14.34 14592  14.504 14421 14.361 14.435 0.0874 0.00350
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Tab.7 Relative standard uncertainty introduced by recovery of sample
[BCRR /% Nl R
o FHE T o i 22 U(R)
1 2 3 4 6 R/% s(R)
BHA 94.1 92.1 92.8 96.5 97.4 93.2 94.4 2.13 0.0092
BHT 95.8 97.6 92.3 96.8 93.3 91.6 94.6 2.50 0.0108
TBHQ 96.1 91.6 95.3 95.9 97.5 97.2 95.6 2.13 0.0091
®8 SWMHEANUFNIMEETESER
Tab.8 Uncertainty evaluation results of 3 antioxidants
aEY B A AR AT EJE U B & i ¢/(mgkg ) YR EFE U G gE R (k=2) /(mg-kg™h)
BHA 0.074 14.651 1.09 14.65+1.09
BHT 0.070 14.684 1.03 14.68+1.03
TBHQ 0.045 14.435 0.65 14.44£0.65
45(10): 19-24.
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