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Abstract Measurement uncertainty is the expression of the statistical dispersion of the values attributed to
the measurement value. The application of measurement uncertainty to the maximum residue limit (MRL)
can be a means of preventing social repercussions caused by analytical errors. The estimation of “top-down”
approaches for analysis of residual pesticides is recognized by practical and suitable approaches based on
assumptions that simplify the process. However, the opposite approach, “bottom-up” is also needed to
estimate the uncertainty of all individual components of the analytical procedure. This review delineated the
method of estimating measurement uncertainty along with the determination of the need for uncertainty in
each analysis process (sampling, standard, recovery, chromatography, linearity, weighting and Volumetric
system) according to the ISO-GUM-based bottom-up approach. Furthermore, the measurement uncertainty
was estimated assuming that alpha-endosulfate was detected in soybeans through the test method of
organochlorine pesticides in Food Code. Consequently, it was shown the effect of the estimated expansion
uncertainty on the residual acceptance criterion. The main uncertainties of the procedure were determined to
be sample weight, volumertic apparatus, standard solution, linearity, and recovery through the fishbone
diagram, the extended uncertainty is obtained from each relative standard uncertainty by multiplying the
combined standard uncertainty by coverage factor.
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(Chang et al., 2018). 7}3}2 MRLe| F36k= #H5f ¥
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7] flate] AgAFEA 7] B RS T e A
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=|th(Lehotay, 2011; Mol et al, 2011; Cervera et al,
2012). HZolle ek BAATLe #4954 9F 3 A
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EQJska o]of wE -9 A BAEAAAE FASL )
th(Zilli, 2013). =A% 387 |7 (International Organization
for Standardization, ISOy= WA /A& 7| dukzel 9
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o wel ISO= =A1:7]71&$ Y3 (International Electro-
technical Commission, 1EC), =#|4*33}5}3] (International
Federation of Clinical Chemistry and Laboratory Medicine,
IFCC), = AIA & 712214 7]7+3 & A (International Laboratory
Accreditation Cooperation, ILAC), =A<4-3-83818tA%
(International Union of Pure and Applied Chemistry,
IUPAC), =AlcS 9 382289 (International Union
of Pure and Applied Physics, IUPAP), <A\ A|%7]+-
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st 19939 FHEE BN 2 “Guide to
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MRSt BA FrelE ftt det SEEgs FEYE me
B 2) BFEEST
Establishment of )ﬁji; smme aole golsolrln 7t
measurement model olEEE °_°H TromTIE e J}f }*irirb o Bl
Y = f(X1, X2+, Xn) Ho] il EFEEIEE WUkstelof vt EFEESEE
I A F4E REUAZ 1Y IS on|sh,
Standard tai u(x)2 X #AS}H(Farrance and Frenkel, 2012). ISO %
andard uncertain
evaluation (A & B Tytye) EURACHEM2 EFEIT=E F4317] 98] AF BYL
uGe) 2 BRI o= g Anel HolHst Bhe Axj o3
¢ Y598 Axa] S8l tEA Aot AR Ao
— 2 FY3IH(Farrance and Frenkel, 2012). A% WHEZQ1
Sensitty coellicient or 240 that BARNG Aoz SYun Yagte] w2
inoutainty o] i 2o weh S e Qe LY Pz
l HAkE o] Stk 7Skl glom, AR EFEESEE 2(2)
: : = i
Calculation of the combined
standard uncertain
enainty ) = 1 2)
u (y) =./x;% ,\/Z
' ne: Aol o, s Yegel A7 HEBAoIT,
Effective degree of WA, BE 2 v EAIA AA2 42 jro 2 F4¢it It
freedom and coverage Moz A 2 7| ¢ WA AN T 4, QZEFER
factor (0 o i, A0 Bals 5L BEAT. 7719 4, 54
' HHN 5 Qe Bk} 2R SN T o)
Expanded uncertainty 2h= Zlo] AFH o] Itk 18H Fhe 2 vl Ve whe s
evaluation ETEIEE HIH F AL AFFEoE Fo71 F9(d,
v 95% 5) ATEER 18H BIEE AT Ro s
Fig. 1. Flow chart to calculate measurement uncertainty 3 AHEES] AES EERIAHE Ure] Hrketh oY
approached by bottom-up method ol tiet A3t 2 sakgle] 2AEE B9R Lo Bas
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Fig. 2. Fish bone diagram to obtain uncertainty factors in pesticide residue analysis (Cuadros-Rodriguez et al., 2002)
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+15=68% X X
— 2a 2a
+2s= 95%
u(x) u(x)

Fig. 3. Distribution functions. (a) Normal distribution with standard uncertainty u(x) = standard deviation s(x). The area of
X =+ 5(x) covers 68% of the data. (b) Rectangular distribution with standard uncertainty u(x) = 0.6a. The shaded area of X =+ u(x)
covers 58% of the data. (c) Triangular distribution with standard uncertainty #(x) = 0.4a. The shaded area of X + u(x) covers 65%
of the data (Meyer, 2007).
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Extract (add 100 mL acetone)

Suction filtration (Rinse acetone 40 mL)
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Liquid-liquid partition

| ¢ Add saturated sa

line solution SO mL, distilled water 450 mL and n-hexane 100 mL

Organic solvent evaporation

n-hexane & acetonitrile partition

| ¢ Add saturated sa

line solution 50 mL, distilled water 450 mL and n-hexane 100 mL

Evaporation

Colum chromatography (Florisil)

Evaporation

| ¢+ Redissolved in 1

0 mL n-hexane

GC-ECD

Fig. 4. Procedures for the analysis of organochlorine pesticides presented in Food Code.
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Fig. 5. Fish bone diagram for obtaining uncertainty factors during residual analysis of alpha-endosulfan.
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Table 1. The mean and standard deviation of the weight measured 10 times using 10 g of count weight, and the resulting degree of

freedom and standard uncertainty

Measuring value (g)

No. — Degree of freedom Standard uncertainty
Individual Mean + SD

1 10.00005

2 10.00004

3 10.00001

4 9.99998

5 10.00002

10.000014 £ 2.67E-05 9 8.45E-06

6 10.00000

7 9.99997

8 10.00003

9 10.00004

10 10.00000
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Table 2. A summary of various uncertainty factor estimated from organochlorine pesticide analysis procedure

. Effective . Related Related combined Effective degree
OCPs uncertainty factor Uncerta;?gl expres- Stanciz;g uncer- Degree of degree of 151(():1:1?31111;:1 standard standard uncertainty of freedom unceEti[(;Eirtld )
ty freedom Y uncertainty  (u(OCPconc wendosuan)) Vel OCPcone aeendosuan)) y
Calibration
(u(balance.;) 0.00005 g
Weight of sample Resolution 0.0000030
U(Sog) (u(balance,,) 0.0000577 g 56 0.0000768 7
Repeatability
(u(balance,,,) 0.00000845 g
Tolerance
(u(volume,,) 0122
Volume for extract solvent ~ Repeatability 0.000124 9.0 x 10 0.00395 0.0671 mg/kg 8 0.155 mg/kg
(u(Svolume)) (u(VOh’tmerep) ’ ’ ’
Temperature
(M(VOI ume{emﬁ) O ' 3 75
Recovery u(rec) 1.386 2 - 0.0149
Standard solution
(u(S T D concentration mngc’)) u(STDl-O--9-0 ”g/’"L) i 1 5 i 00259
Calibration curve s Cupve, ) 0.165 7 - 00647

u(Cal Curve)

¢6



gy Met 93

Table 3. The value obtained by converting the measured weight into volume after filling distilled water to the nominal volume to

evaluate the uncertainty of a volumetric apparatus

No Measuring Volume of distilled water Mean < SD Degree Standard
) value (g) converted from weight (mL) of freedom uncertainty
1 100.00055 100.29713
2 99.99966 100.29624
3 100.00039 100.29697
4 99.99981 100.29639
5 100.00044 100.29702
100.29671 £ 0.0003945 9 0.0001248
6 99.99969 100.29627
7 100.00074 100.29732
8 99.9998 100.29638
9 100.00029 100.29687
10 99.99996 100.29654
FHEFELEE FYUs AHEsto] Table 20 YERASIAL 2}2=0] o] 1,000 ug/mLe] alpha-endosulfan 384

o= B 34 Ry da
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Table 4. Summary of the process of calculating the uncertainty of the standard solution for preparing a calibration curve

Procedure Uncertainty Standard Related standard Combined  Effective degree of

factor uncertainty uncertainty uncertainty freedom

Step 1. Purity 0.00462% 0.00466

Uncertainty in the preparation of Balance 0.00221 g 0.0221 0.0230 Approximately 10

1,000 mg/L standard solution Flask 0.422 mL 0.00422

Step 2.

Uncertainty in the preparation of Pipette 0.0731 mL 0.00731 0.0245 Approximately 12

100 mg/L standard solution

Step 3. Pipette 0.0365 mL 0.00731

Uncertainty in the preparation of 0.0259 Approximately 15
Flask 0.211 mL 0.00422

standard solution for calibration
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Table 5. Parameters of apparatus arbitrarily assumed to calculate the uncertainty associated with the preparation of standard solutions

for calibration curves

Standard deviation

Parameters Calibration Tolerance Temperature of repeatability
Purity - 99.2 +0.8% (0.008)* - -
Pipette
5mL - +0.05 0.00021 0.0003"
10 mL - +0.1 0.00021 0.0002
Volumetric flask
50 mL - +0.5 0.00021 0.004
100 mL - +1.0 0.00021 0.007”
Balance 0.000 1 (95%, k=2) 0.0001 (resolution) - 0.000003"

? is the assumption that the repeatability of the device was measured using distilled water.
® is the assumption that the repeatability of the balance was measured using a 0.1 g standard weight.
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Table 6. Summary of parameters for calculating the response values and standard uncertainty of the calibration curve according to the

concentration of the standard solution measured for linear regression

Response value (area)

Concentration (ug/mL)

STD number

28
29

29

135
131

133
215
230
216

— = = N N N NN

STD 1

STD 2

STD 3

Parameter input value

Average concentration of standard solution (C)

Number of observations (#)

Degree of freedom

6.4789

Residue standard deviation or standard error ()

96
0.994696
23.95833
7.541667

2.659+0315 (n

2 is the average value of the concentration of residual pesticide detected in the sample (soy bean), ™ is the standard deviation, and © is the

Variation value of input quantities of standard solution (S,,)
number of repetitions (assumed as endosulfan here).

Coefficient of determination (°)

Slope (B))

Intercept (B,)

59)

Determined pesticide concentration of the leached solution (Cy)

Calibration curve
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Fig. 6. Contribution of measurement uncertainty by factors in residual analysis of alpha-endosulfan.
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