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Estimation of uncertainty for the determination of residual
flubendazole in pork
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Abstract : Measurement uncertainty could play an important role in the assessment of test results in laboratories
and industries. We investigated measurement uncertainties possibly included in determination of flubendazole,
a benzimidazole anthelmintic, in pork by HPLC. The concentration of flubendazole was 62.69 ng/g in a sample
of pork. Uncertainty was estimated in the analytical procedure of flubendazole. A model equation was made
for determination of flubendazole in pork. The four uncertainty components such as weight of sample, volume
of sample, calibration curve, and recovery were selected to estimate measurement uncertainties. Standard
uncertainty was calculated for each component and all the standard uncertainties were combined. The combined
standard uncertainty was expanded to a sample population as an expanded uncertainty. The expanded
uncertainty was calculated using k value on Student’s t-table and effective degrees of freedom from Welch-
Satterthwaite formula. The expanded uncertainty was calculated as 3.45 with the combined standard uncertainty,
1.584 6 and the £ value, 2.18. The final expression can be (62.69 * 3.45) ng/g (confidence level 95%, k=2.18).
The uncertainty value might be estimated differently depending on the selection of the uncertainty components.
It is difficult to estimate all the uncertainty factors. Therefore, it is better to take several big effecting components
instead of many small effecting components.

Key words : flubendazole, HPLC, pork, uncertainty, veterinary drugs

o] Y& ARA ) ujeir] BAAT}e] AF)
I F J&F FARker 497171, §L7ﬂ m

7Fsel AHehE FE82dES FArh AMS e A oA AL = U= 225 FH 5
oF 717+8 SR &S S (uncertainty)2 @ 5 Qo). B3 %23 o

on, XHTFJO% t TE8ol ke

0 AFE 5
Eiz

MR Y E gelHow Qo $AAse] JP

#
3]
%

BRI} SR gl APEL RAAE U & GES) RESAS Ukl Waee

B el wek A AU ANPL WAL ¢ RS S e

We $ARSE 17t 47 ¢ 16.3 Ao Zhd R AP WA FEA Shiel

A A7} WS ek un ¢ F08 4% TE  0F 269ngeo] 5 SlE HATNE AER AS

PR BAE WAL L LAIAE 0N F8 o EFNGE LAAENT WA 4 e B

*Corresponding author: MeeKyung Kim
National Veterinary Research and Quarantine Service, Anyang 430-824, Korea
[Tel: +82-31-467-1982, Fax: +82-31-467-1872, E-mail: kimmk@nvrgs.go.kr]

139



140 w7 - vk - AAm -

FAstazt sisldt [1-3, 6, 8]

RO
NE R
S 7S Dr. Ehrenstorfer GmbHARS] A1 F-2, o}
AEUEZT ddopAHo]Ex JT. BakerAle] A%
S S ARSI T A 2 HE 28] 3 (high performance
liquid chromatograph, HPLC)+= Agilent 1100 SeriesE A}
L3t on, 28-S WatersAte] Ci5©] =219 XTerra
RP18(4.6 mm 1.D. 250 mm length, 5 um particle size)S- A}
g3hr,

i

]

Az EMuty

1. N E AHF

w42z R3] Al 1gS Dol Al He ¥
50% SMHEUEZ | mie} ddolAE|olE 5mlS 715}
o] &gHalint. o] AS 3,000 rpmolA 10 E7F LAlE
g3t & A1) AP Fta, Fe mAalel ojE

NS AATa2 AL AZR BATA F2AIZ F
S5 ImiE 718k 10 27 28912 A {31 A
S-ol-8 4°CollA 10 7+ A2 (15,000 rpm)3HaL 32

S 0.2 um nylon syringe filterZ & 7}3}e] HPLC &4
& AP o= AR ol e A A8 E
Fig. 1°] =2] o2 Yehlidtt [4, 5, 7).

2. 717184

EFHlnE ZFEdI A9 HPLCS] UV/
Visible 71271 (L =295 nm)Z o]&-3lo] B3} FF
7 BA0fA A2 A2ntEa It A8 FA A
B2 ARMETH S HwEte] wFF Al7ke] X EHe
ZRHTE g30] WA S it APEde] FEE
ATt o] sxol AF-g&H ] AuFE
7¥ek gujo] Buh)E Falal AR FAR UFo] HF
A8 5 EFIUES] $EE A&t

TAE AT 2RE TENTES B
oA BB WA 4= s 291 BRI u}
2

g o] 9 A 5 Yk ¥ AT

o3

sol BHE 29 ANk BIE 2912 Fohy

7] 913t o Q1A S (cause and effect diagram)

Homogenize
Sample
!
| Weighing |
1
| Extraction |
!
| Concentration |
1 Prepare
; - Calibration
Centrifugation Standard
! I
HPLC HPLC
Determination Calibration

l

RESULT

Fig. 1. Flow chart for the determination of flubendazole
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Fig. 2. Cause and effect diagram for the determination of flubendazole in pork.

Table 1. Uncertainty components and type of estimation

Component

Source of uncertainty

Type of estimation

Weight of sample (m)

Volume of sample (v)

Calibration curve (lin)
Recovery (rec)

Calibration report for balance (z,,)
Readability of balance (uy,)

Calibration report for 1 mL micropipette ()
Proficiency of analyst (u,,)

Calibration report for balance (uy,)
uncertainty of calibration curve (uy,)
uncertainty of recovery ()
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Table 2. Uncertainties of sample weighing with balance

- Standard Relative satandard
Parameter Description . .
uncertainty (u) uncertainty (u;)
Upm Relative standard uncertainty of sample weighing 0.005 8
Uem Combined standard uncertainty of balance 0.0058 g
Ui Standard uncertainty of balance from calibration report 0.005 g
U2 Standard uncertainty of readability to balance 0.0029 g
Table 3. Uncertainties of volume measurement with 1 ml micropipette
- Standard Relative
Parameter Description . standard
uncertainty (u) .
uncertainty (u,)
Upy Relative standard uncertainty of sample volume 0.005 5
Uey Combined standard uncertainty of sample volume 0.005 5 ml
Uy Standard uncertainty of 1 ml micropipette from calibration report  0.001 5 ml
Uey2 Combined standard uncertainty of pipetting to analyst's proficiency 0.005 3 g
u,y  Standard uncertainty of weighing 1 ml 0.001 6 g
uy,, Standard uncertainty of balance from calibration report 0.005 g
0.01 /2 (1) 1 ml micropipette®] 24 H ol o3t FFEI-

=00029g 3)
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Table 4. Measurements of weight with 1 ml distilled

water

Description  Weight (g)  Description =~ Weight (g)
Replicate 1 1.00 Replicate 6 1.00
Replicate 2 1.00 Replicate 7 0.99
Replicate 3 1.00 Replicate 8  1.00
Replicate 4  1.00 Replicate 9 1.01
Replicate 5 1.00 Replicate 10 1.00

n 10

Average 1.00

SD 0.005

n: numer of replicates.
SD: standard deviation.
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Description Recovery O¢) o159 §e TR FEAFES AN A% 1= 129
Round OIATE +EEZAN OF 95% A 5T EFAA k=
; z;;‘g 2180190k whehd SRS 4(19)3 o] A4t
. ZA g r)
3 9.6 o] 3452 5ng/g &7 FHHATE
4 93.49 UCy) xk=1.584 6x2.18
5 91.79 =3.452 5ng/g (19)
n 5
Average 91.35 E]_ﬂ_}q T—/\]Q /‘]E_o 5HX]17] ‘%“Er‘tﬂlt]é E“/}j,
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n: number of determinations.
SD: standard deviation.

Table 6. Estimated uncertainties of flubendazole in pork

x HE
ng/g(A | F 95%, k=2.18)°] ATk

d Fuo 249 SYRYE

<! O -

Description Source of uncertainty Standa}rd Relative st.a ndard - Degree of
uncertainty uncertainty freedom
Relative standard uncertainty (u,,,) 0.005 8
Weight of | Combined standard uncertainty of balance (zm) 0.0058 g
sample (m)| Standard uncertainty on calibration report for balance (uy;)| 0.005 g o
Standard uncertainty of readability from balance () 0.0029 ¢ oo
Relative standard uncertainty of sample volume () 0.005 5
Combined standard uncertainty of sample volume 1 ml (z.) 0.007 1 ml
Uncertainty of calibration of 1 ml micropipette () 0.001 5 ml oo
Volume of - - -
sample (v) Ciomb_lned standard uncertainty of analyst's proficiency from 0.006 9 g
pipetting 1 ml (zc,2)
Standard uncertainty of weighing 1 ml (u,) 0.005 g 9
Uncertainty of balance from calibration report (uy) 0.005 g oo
Calibration | Relative uncertainty of calibration curve (i) 0.017 4
curve (lin) | Standard uncertainty of calibration curve (u,) 2.031 4 ng/ml 7"
Recovery | Relative standard uncertainty of recovery (#m.) 0.0016 5
(rec) Standard uncertainty of recovery (uyec) 1.504 4 ng/g 4

* Degree of freedom for standard uncertainty of an intercept and slope is (n-2) where n is the number of results used to estimate.
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