124 41 JEg I R Vol. 12 No. 1
2021 41 A Journal of Food Safety and Quality Jan. , 2021

HER', K KL K A E AL HLT #HL omaa”

(1. V)& 2 G A B, ER 611731; 2. DU)I TRGHOL F AR 2B, W#E  611830;
3. [ RO )14 3N B RER T R VAR 2 A, AR 610300 4. DUJI A & BORHAWTFEBE, M#S  610066)

W E: B WIREBMEELE TS 2, Ak TR0 AR50 E £ R R A I vk, X
AR R 25 FRRCEH LR, i WEHLE TR 22 SR BE Z A4 56 &R LLGE i ST HRIE VIEWS B HAG 50 H
ST 2EE BRI TR 22 B BE R IS iy, BV AR ST e . ARG REAR R B —E B S,
TRELSR B B MR, SIREANIAMET 30 N EdEXE, RS MRS OLT, RER
IAL R/ Z S IE A TR R AL

KR R, KT, SRR, R Ak

Study on heteroscedasticity in the fitting of calibration line-taking the
detection of benzoic acid in food as an example
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ABSTRACT: Objective To study the heteroscedasticity in the fitting of calibration line. Methods Based on the
detection method for the determination of benzoic acid in food by high performance liquid chromatography, it was
focused on the heteroscedasticity of the 25 calibration lines accumulated in half a year by observing the relationship
between the fitting residual and the calibration concentration, as well as by testing heteroscedasticity via statistical
software EVIEWS. Results When the fitting residuals increased with the calibration concentration, it was judged
that there was heteroscedasticity. When statistical sample reached a certain number, the results of the two ways were
consistent. Conclusion By testing heteroscedasticity, the statistical sample should be no less than 30 data pairs. In
the presence of heteroscedasticity, the weighted least squares method should be used to fit the calibration line.
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G AT b, R [ AR B R e h e
#:(least squares), Ho& & il i F/MEWIE 5 5L € #
T TN A 2280 A0 L, EA T SR E AR L,
B SRk N AT R S KPS vts e U E: IR
W H A BRI A 12 O AE (S S H IR, L
PG RIVEHEN (1, y1), (K20 ¥2)s oo (Xns Vo), BEHF—TT
Lok AR A y=BotBixi+Eo P y N RAR R, By MHRHE,
B RER, x & AL, & NBEPLIR 2T, RN Tikar R
338 £/ — 3k (ordinary least square, OLS)SHINMIALER /N
ZIferk(weighted least square, WLS)*™, il OLS Jii i /&
A BB OIESPEE, B SN0, 2
N o WIEASM i, @asrvEEEE, B & Z A E T,
S COV(E&, £)=0(i#); @TMmMEMBE, & MR 0;
@Ry 22k, B &)y 28 MIE . L5 RAER
R AT AR, 2R R IS AR AR R K A 3 MR A,
AN BT e Ji — MR 5, DR B2 &% SUULINIAE
B 7 224 BlE A A8 W B R IG Inm AE R, RO RIS A<y
7 (heteroscedasticity)” B B) A7 () i SC SRRt M <53y 2%
PO A RE LU R, S RESE A OLS i b i WLS
AT A HE EL R LA T2 AN AR5 Ak i) 22 A
TSRS 122 S0

HEAT WLS S, S a4 P (1)212 W71
BRI O 5 5 2 AETE, S ERNAEERERA WLS
DALE TR S ()RR G3E ALREL (B)RHHLA Y [l
AT REIEA T BT R AT 56 (4) 2T T OLS F1 WLS 2 Fhll &
BORBY LG, SR, FER ST G, ARG A i L[]
RT3 A B . LM A Ak s, SRR 1Y
R4S R EFAE R AEXT OLS A1 WLS HYHLE A L5 54
B S SE NI N 1 S ¢ 3 e £ S M UL B e =Y (1

IR G R g A RE R e 57y 22 S TR AT AE, T 5% 7 2247
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PSR IERRZ . TESCPRA R SR T AR rp, SRt
G 36 S L, I P 5 A 20 PR S 960 i S i v AR RO,
PRUEECAR A AR A BT A6 1, AR5 LS B0 A6 361
IEZ%

1 MR5ERE

1.1 XFE5RH

1260 WA AL CEAMEI SR, 35 E LRI A FD).

BERBEEHN: REREREEYREBS
GBW(E)100006, 1.00 mg/mL, ¥ JBAHIEE 1%, =2, F
R RLF I BE]
1.2 XWFFE

AHFFE BRI 7 2K P GB 5009.28—2016¢ & 5 %
S FARER A S H R L LD B R RS B g ) B4
RS — R T A B AR o B R R
D7k JREL R LK, SRR A IE OB .
EAREMZEATIERNTIEEA, RABHAAE® ., %
AR RS REIN, AMRIEE

FRUERS IR I 3% GB 5009.28—2016 AYZER AL
il v PR VA VRORT UAEVE W . ARV TR SRR 42 50RO,
1.00, 5.00, 10.0, 20.0, 50.0 mg/L.
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Table 1 Original peak area data of each standard solution concentration point

J iR B /(mg/L) 0.00 0.20 0.50 1.00 5.00 10.00 20.00 50.00
1 0.00 6.70 16.75 33.63 144.96 324.57 653.17 1639.97
2 0.00 7.00 16.91 34.67 167.03 346.39 671.65 1680.03
3 0.00 6.72 16.69 32.72 166.82 322.07 650.26 1615.69
4 0.00 7.23 17.62 33.08 166.54 312.92 630.61 1610.92
5 0.00 6.84 17.15 32.08 162.63 319.56 636.90 1606.25
6 0.00 1.93 5.98 16.66 124.10 258.14 552.97 1488.63
7 0.00 6.59 17.17 34.43 167.05 340.61 663.63 1643.93
8 0.00 6.76 17.50 33.36 167.77 323.29 655.97 1626.88
9 0.00 7.10 15.51 30.77 154.56 304.90 608.73 1509.30
10 0.00 6.70 15.67 30.26 150.62 303.54 601.60 1501.86
11 0.00 6.21 15.23 30.59 151.73 307.76 631.25 1531.59
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JE R /(mg/L) 0.00 0.20 0.50 1.00 5.00 10.00 20.00 50.00

12 0.00 6.37 15.44 28.64 149.19 279.10 601.52 1476.12

13 0.00 6.35 15.62 30.57 158.79 314.71 630.69 1590.78

14 0.00 6.75 16.67 34.39 163.69 336.04 662.72 1658.38

15 0.00 6.69 16.52 33.95 162.91 335.54 662.66 1650.68

16 0.00 6.76 16.29 33.69 162.82 332.89 659.52 1640.14

17 0.00 7.43 17.28 33.57 169.31 335.13 669.48 1657.46

18 0.00 7.69 16.41 33.16 168.02 333.74 640.52 1660.07

19 0.00 6.71 17.02 34.16 167.67 334.88 670.10 1658.05

20 0.00 5.97 16.43 32.49 159.74 320.47 636.63 1620.84

21 0.00 7.36 17.08 33.15 166.86 327.99 670.13 1625.92

22 0.00 6.58 16.11 26.87 152.05 212.33 648.97 1575.96

23 0.00 6.37 16.01 32.74 160.43 324.51 652.23 1609.44

24 0.00 6.69 16.20 32.86 160.19 320.66 657.96 1589.19

25 0.00 6.66 16.48 32.73 159.81 313.23 665.62 1544.84

FHIME 0.00 6.57 16.07 31.81 159.41 315.40 643.42 1600.52

% 0.00 1.08 4.85 13.50 100.69 828.41 786.80 3509.39
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Table 2 Residual analysis of the calibration line 1

Jo iR B /(mg/L) 0.00 0.20 0.50 1.00 5.00 10.00 20.00 50.00
i 0.00 6.70 16.75 33.63 144.96 324.57 653.17 1639.97
Vi -3.38 3.18 13.03 29.45 160.79 324.97 653.32 1638.37
i—9p)? 11.45 12.37 13.81 17.46 250.63 0.16 0.02 2.57
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Dependent Variable: SERIES05
Method: Least Squares

Date: 08/01/20 Time: 16:05
Sample: 17

Included observations: 7

Variable Coefficient Std. Error  t-Statistic ~ Prob.

C —1.043778  3.428777 -0.304417 0.7731
SERIESO1 32.13637  0.164905 194.8785 0.0000
R-squared 0.999868 Mean dependent var  396.9882
Adjusted R-squared 0.999842  S.D. dependent var 579.7485

S.E. of regression  7.286565  Akaike info criterion  7.044898
Sum squared resid  265.4701  Schwarz criterion 7.029444
Log likelihood —22.65714 Hannan-Quinn criter.  6.853886
F-statistic 37977.62  Durbin-Watson stat 1.905908
Prob(F-statistic) 0.000000

B2 # 5 SRIMEELR OLS Blasif
Fig.2 OLS fitting results of calibration line No.5
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R WE LA B Y o IR INEEAS . BT RL, AR
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Table 3 Statistics and concomitant probability for a single

model test
VA7 B-P-G Harvey Glejser
F-statistic 45714 0.4135 1.2475 0.7404
Prob F(1,5) 0.5485 0.3148 0.4288
Obs*R-squared 0.5347 1.3978 0.9029
Prob. Chi-Square(1) 0.4646 0.2371 0.3420
Scaled explained SS 0.1489 0.4875 0.4714

Prob. Chi-Square(1) 0.6996 0.4850 0.4923
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F32 1 25 SR BRI BRI (x, y) B, AR
AR AR AR B B X, JE 200 ASEExE, FEARZR LA
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$=32.0279x;-0.4536, R-squared i 0.9976, % Xf A1, fii
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L 4,
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Table 4 Statistics and concomitant probability of model testing after accumulating data

Tk B-P-G Harvey Glejser White
F-statistic A 115 66.3560 179.2939 161.1232 33.6995
Prob F(1,5) 0.0000 0.0000 0.0000 0.0000
Obs*R-squared 50.1406 94.8181 89.5321 50.9205
Prob. Chi-Square(1) 0.0000 0.0000 0.0000 0.0000
Scaled explained SS 279.8530 222.0477 186.4994 284.2056
Prob. Chi-Square(1) 0.0000 0.0000 0.0000 0.0000
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AR, AFRGIG 1, HGETHE A AR P AR I i
INFIREM a(a=0.01), RNReH:Z R, MR fFAE
S )y 25k, BN WLS JiE# AT A o [FIN EHIE T 2.3.2
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o i Sy 25 MR IR, ST R D BURE IS
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flREAZEIRT] 32 %, 4% 2.3.2 FIRF, HTHRIR. OLS
A B 7R $=32.7170x;-0.4044, 1*=0.9995, 4 Fli 51k
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K 30 DA, 4 ARSI T A5 AR IE R
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Table 5 Statistics and concomitant probability of model testing
after accumulating 4 sets of data

Tk B-P-G  Harvey  Glejser ~ White
F-statistic i35 20.6688  26.8942  30.1852  10.0908
Prob F(1,5) 0.0001  0.0000  0.0000  0.0005
Obs*R-squared 13.0534 15.1266  16.0492 13.1311
Prob. Chi-Square(1) ~ 0.0003  0.0001  0.0001  0.0014
Scaled explained SS  34.2893  26.4177  28.2922  34.4934
Prob. Chi-Square(1) ~ 0.0000  0.0000  0.0000  0.0000
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