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Recommendations for Residue Control Laboratory in Paraguay

The drug residue analytical work in Residue Control Laboratory (RCL) is very important
for Paraguay and related fo its meat export income. We evaluate the laboratory for its annual
work project, personnel, and equipment in May 23-27, 2005. The overall comments and
recommendations are as follows.

1. The director, chemical analysts, and workers in RCL show their sincere activity in their work.
They try to resolve problems and perform the best in limited budget.

2. The equipments in RCL include GC-ECD, GC-FPD, HPLC, GC/MS, AA, ELISA, and RIA.
Most of the analytical equipments in RCL have been used for more than 10 years, and
some of them can't function now. Some routine analytical items, such as quinolones,
benzimedazoles, nitrofurans and so on, can't go on smoothly due to the equipment
problem. The current status of these equipments is shown in Table 1.

Table 1. Equipment status in residue control laboratory

item | Equipment Status Application
1 Gas Chromatography | 3 sets Pesticides
(GC) GC-ECD (2), GC-FPD (1) (organophosphorus

One GC-ECD is broken, and can't | pesticides &
be repaired. The only one | organochlorine
GC-ECD is used for both PCBs | pesticides) and
and organochlorine pesticides | PCBs
analysis. Changing column is

needed for different analysis.
2 Liquid 2 sets Sulfadrugs
Chromatography One Shimadzu LC set can't work | Quinolones
{(LC) due to computer problem. The | Nitrofurans
repair cost is very high.
3 GCMS 1 set (Shimaszu System) Confirmation of

It can’t run due fo “leak carrier” | detected drugs or
problem. The repair cost is very | contaminants

high.
4 AA 1 set Heavy metal
5 ELISA 1 set Beta-agonist
Anabolic hormone
6 Radio Immunoassay | 1 set (broken) Anabolic hormone

(RIA)




3. Some suggestions according to the work loading and equipment status in RCL are listed in

Table 2.

Table 2. Suggestions for residue control laboratory

Priority | Required Suggestion Remark

Equipment

1 GCMS Repair the Shimadzu | A GCMS is useful equipment for

GC/MS or by anew one | confirming drug residue in foods.
There is a risk if announcing a result
merely by GC analysis.

2 HPLC Repair the Shimadzu | Some veterinary drugs, such as
LC or by a new one quinolones, could be analyzed.

3 GC Purchase a new GC | A new GC equipped with both ECD

) equipped with | and FPD detector can determine OC
autosampler, ECD, and | & OP pesticides in foods. The old
FPD. GC-ECD can determine PCBs in

foods.

4 LCMSMS | Purchase a LCMSMS | Meet the EU requirement for
for determining | analyzing drug residue in foods.
nitrofuran metabolies in
meats.

5 Gas Purchase Ny, Hy, or Air | Supply the gas for analytical

generator | gas generators. equipment.

4. Keeping good maintenance of equipments is very important for a faboratory. When
purchasing new equipments, laboratory should consider the service ability of supplier and
the cost of routine maintenance and repairing.

Tseng, Su-Hsiang (Associate Researcher)
Chou, Pei-Ju (Associate Technical Specialist)
Bureau of Food and Drug Analysis
Department of Health, Executive Yuan
Republic of China

Date: Aug. 11, 2005
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Strengthening Project Of Meat Residues Control Laboratory
Vice Ministry of Cattle, Republic of Paraguay

1. Introduction

The Paraguayan economy is sustained by the cattle raising, which is considered
fundamental for its trade. For Paraguayan, regional and extra regional need in
offering cattle origin innocuous products to the consumer, it has started the
National Control Program of Meat and Derived Residues.

Although the National Control Program of Meat and Derived Residues is ruled
by the Ordinance N°® 15.685/96 - the control activities have begun in 1989
through an agreement among the Ministry of Agriculture and Cattle, the
University of Veterinary Sciences and the National University of “Asuncion”
(UNA). Then, the work continued in their own building located in “San
Lorenzo”. The technical equipment has been donated by friend governments
which allowed its independence saving time and financial resources.

Incorporating high technology equipment allowed the Residues Control
Laboratory to fulfill the commitment assumed with the national and
mternational community offering to the market innocuous food of cattle origin.

2. Justification

The Vice Ministry of Cattle responsible for the performance of the Residues
Control Program supports the aecessity of executing such program to i:aintain
the conditions that allow the access of the meat or sub products to the
international markets. Also, defends the development and maintenance of the
protection politics to the consumer.

3. Objectives

The main objective is to guaranty the food innocuousness from animal origin
by controlling emergent residuals from the use of veterinary medicines,
environmental pollutants and anabolism hormones. Besides, to be part of the
mechanism that guarantee the execution of the zoo sanitary conditions which
fulfill the rules of the international trade inside the normative of OMC and
other organisms like FAO, OIE and so'on.
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The meat export represents to Paraguay 8% of the GDP, so its economic
importance can be deduced. The losses that could be generated by an
madequate control and rejection are difficult to evaluate with accuracy.

The Residues Control Laboratory with the cooperation of the Republic of
China Government has the purpose of recovering its operability conditions.
Furthermore, to strengthen its advanced condition in the analytic spectrum.
The uninterrupted laboratory activity from its beginnings means intensive use
of the equipments in the pesticides determination, PCBs, heavy metals,
antibiotics, anabolic and use of veterinarian's medicine. That use causes waste,
damage and failure that make equipments to be out of order and the need to be
replaced. Also, to consider the acquisition of new equipments in order to
continue with the analytic work to offer quality to the consumer and to protect
the interests of the producers, private industrials and of the country in general.

Strategy

Requesting financial assistance to the Republic of China Government to buy
needed equipment to maintain the National Program of Residues Control.

Besides, ask for assistance and training to develop and implement new analytic
techniques.

List of employees
Name Study Activity
Amaldo Bavera Veterinarian Laboratory Chief
Maria Nereida Maidana Biochemistry Quality control
Mirtha de Vera - Analytic chemnistry | Determining anabolism
Oscar Iglesias Analytic chemistry | Determining veterinary medicine -
Concepcion Lopez Analytic chemistry | Processing- sample of veterinary
: medicine
Adela Benitez University student | Determining environmental
pollutants
Francisco Rodas Laboratory Result reports
technique
Gustavo Volling Chemistry Determining heavy metal
David Bernis University student | Processing sample of veterinary
' medicine
Dalia Insfran ' Secondary level Cleaning o
Diego Criscioni University student | Sample transportation,
identification and preparation
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2005/5/22 BEiiH

10:30 RG8902 IR HLETIAKRT (RBmE )
Hotel BOGGIANI Ji§8E Check in
TEL: 595-21-605939

19:30 REFEMME (Hiroshima £ - FIR)
2005/5/23 EHj—

Lunes 23 de Mayo/Monday - May 23
10:30 HEUEH 2 A{FEE Salida del Hotel

11:00-12:00 FEE AHE M/ A F (ST Visita a la Embajada de Taiwan/Visit to the
Embassy of the Republic of China (Taiwan)

12:30 - 14:00 4E Almuerzo/Lunch (EGHEEEMENE S50 - ZEE88E)

14:30 - 15:00 Bienvenida a los expertos y presentaciones/Welcome to the experts and
presentations

15:00-15:30 BEEMMHEELERBRE
Visita a los Laboratorios del SENACSA/Visit to the laboratory of SENACSA

15:30 - 15:45  Café/Coffee

15:45 - 16:30  Evaluacién sobre los equipos del Laboratorio de Control de Residuos y
sugerencias/Evaluation on residues control laboratory and recommendations

2005/5/24 BHi—

Martes 24 de Mayo/Tuesday - May 24

08:30 HEREHS (BRI - BFFE A& Mr. Mendoza )

08:30 - 10:30  Continuacién de la evaluacion sobre los equipos del Laboratorio de Control
de Residuos/ Continuing with the evaluation on residues control laboratory

10:30 - 10:45 Café/Coffee

10:45 - 13:00 Técnicas analiticas para la determinacion de pesticidas en
alimentos/Analytical techniques to determine pesticides on food

13:00 - 14:30 Almuerzo/Lunch

14:30 - 16:00 Metodologia de la calibracién de equipos analiticos/Calibrating methodology
of analytical equipments

2005/5/25 B#i—

Miércoles 25 de Mayo

08:30 HEUEHS (EBRKEHE » FEEIAS Mr. Mendoza)
08:30 - 10:30  Metodologia de la validacion de ensayos/Validation methodology of essays
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10:30 - 10:45 Café/Coffee

10:45 - 13:00 Presentacion de los expertos sobre las actividades e instalaciones de los
laboratorios en Taiwan/Experts’ presentation about activities and installation
in Taiwan’s laboratories

13:00 - 14:30 Almuerzo/Lunch

14:30 - 16:00  Continuacién de la metodologia de la validacion de ensayos/Continuing with
the validation methodology of essays

2005/5/26 EHipY
Jueves 26 de Mayo
08:30 HEREHS (EERYENHE > FEEAE Mr. Mendoza)

08:30 - 10:30  Técnicas de medicion de incertidumbre/Measuring techniques of uncertainty
10:30 - 10:45 Café/Coffee

10:45-13:00 Continua la técnica de medicién de incertidumbre/Continuing with the
measuring techniques of uncertainty

13:00 - 14:30 Almuerzo/Lunch

14:30- 16:00 Continua la técnica de medicion de incertidumbre en los ensayos/Continuing
with the measuring techniques of essays uncertainty

2005/5/27 2#iH

Viernes 27 de Mayo

08:30 HEUEHE (EBIRBEMEE - SR A & Mr. Mendoza)

08:30- 10:30 Presentacion de las documentaciones relacionadas a los Sistemas de Calidad
en los laboratorios/Presentation of documents related to quality systems in
laboratories

10:30 - 10:45 Café/Coffee

10:45 - 13:00 Aclaraciones y precisiones sobre temas desarrollados/Making clear and
accuracy on developed themes
2005/5/28 BN

13:00 ENJE Check-out (RZBERE"EER)
13:30 Za st 3

15:30 - FANG 327

18:15 RG7311 HIHs#T

BAETEES -

BEAEXFHEKESEHE TEL: 225117
B FH#8:0961-804420
ERBES F#4:0961-851011/ FhE:5E:207257
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Almuerzo ofrecido por el Sr. Antonio Lin,
Consejero Econéomico de la
Embajada de la Republica de China (Taiwan)

Fecha : Lunes 23 de mayo de 2005.
Hora : 12:30.

Lugar : Restaurante Shangri-la, Avda. Aviadores del Chaco c/San Martin,

teléfono 661.618.

Invitados

1.

2.

10.

11

12.

Dra. Natalia Vergara, Direccion General Laboratorio, SENACSA.

Dr. Ladislao Acosta, Direccion de Patologia y Control de Alxmentos
SENACSA.

Dr. Arnaldo Bavera, Jefatura de Departamento de Control de Residuos,
SENACSA.

Dra. Nelly Ortiz, Direccion de Enfermedades en Programas, SENACSA
(Segunda traductora).

Dra. Stella Maciel, Unidad de Asuntos Internacionales, Servicio Nacional
de Calidad y Salud Animal (SENACSA) (Primera traductora).

Ph.D. Emily Su-Hsiang Tseng (Experta), Investigadora Asociada, Buré de
Analisis de Alimentos y Drogas (BFDA), Departamento de Salud de la
Repiblica de China (Taiwan).

Srta. Candy Pei-Ju Chou (Experta), Especialista BFDA, Departamento de
Salud de la Repiiblica de China (Taiwan).

S.E. Sr. Frank Lin, Ministro, Embajada de la Republica de China (Taiwan).

Sr. Antonio Lin, Consejero Econémico, Embajada de la Repiblica de China
(Taiwan).

Sr. Félix Wang, Primer Secretario - Encargado de Prensa, Oficina del
Consejero de Prensa, Embajada de la Republica de China (Taiwan).

Srta. Carolina Lin, Tercera Secretaria, Oficina del Consejero de Prensa,
Embajada de la Republica de China (Taiwan).

St. Lucas Huang, Segundo Secretario, Oficina del Consejero Econdémico,
Embajada de la Repiblica de China (Taiwan).
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Multiresidue Determination of Veterinary Drugs
in Chicken and Swine Muscle by High
Performance Liquid Chromatography

Ref: J. Food Drug Anal. 9(2): 84-95. (2001)

Bureau of Food and Drug Analysis,
Department of Health, Executive Yuan,
Taiwan, R.0.C.

Sulfadiazine

womil wOmy

Sulfamethazine

Sulfaquinoxaline

e

Carbadox Furazolidene Ormethoprim

B— - t=#aHhARZLE2EHK

Fig. 1. Chemical structures of 13 veterinary drugs
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Equipment
>»HPLC-PAD
(photodiode array detector)

Results and Discussion

»>Study on the HPLC Conditions
Wavelength of detection

Mobile phase
270 nm 308 am 270 nm 270 nm
6. {SDZ 26 stz ] 2 SMR - l TSMT
H l \,./\
WA \ N v
mad et | [ A AR A
o L M L o ° § '\

270 nm : 270 nm 270 nm 270 nm
L. . 2. ismxz|*? sox | ¢ SDMX]
\ \ | H\A
n —
Ansy ' mAbet \v mAba U\ A V
d N1 | o .
{
ﬂr’ﬁ7—7hzm 300 400 200 300 400 200 3@ 400

Wavelength (nm) Wavelength (nm) Wavelcngth (nm) Wavelcngth (om)

W= ARRERAL IR FI NS N2 Lo
Fig. 2. UV-adsorption specira of 8 suifadrugs by photodiode array devector.
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270 nm : 308 nm

I 1
i ‘\//\ m-\v/ﬁ‘r/ \/
Wavelength (nm) Wavelength ()
230 nm 368 om 270 nm
30.9 OMP 10. 8 "FZD 23.2 ETB
: A A

' \’\ o °
200 360 400 200 300 400 2003 300
Wavelength (om) Wavelcngth (um) Wavclength (am)

E -~ BRI A RS SRR N B N2 K T A
Fig. 3. UV-adsorption spectra of 5 veterinary drugs by photodiode
detector.

array

- - SHaHHARZSuRAR N RRANEK
Table 1. Optimum detection wavelength of each veterinary drug
analyzed by high performance liquid chromatography

Drug A er (nm)
CLP* 270
SbZ 270
STZ 308
CDX 308
SMR 270
oMP 230
SMT 270
FZD 368
SMMX 270
SMXZ 270
ETB 270
SQX 270
SDMX 270
*CLP: clopidol; SDZ: suifadiazine; STZ: sulfathiazole; CDX: carbadox; SMR: sulfamerazine;
OMP: hoprim; SMT: sulfamethazine; FZD: furazolidone; SMMX: sulfamosomethoxine;

SMXZ: sulfsmethoxazole; ETB: etho
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Mobile Phase Selection

Horie et al., 1990 ; Ishii et al., 1994

—acetonitrile & 0.05M disodium hydrogen
phosphate

@ [acetonitrile] >20% — CLP peak

[acetonitrile] >40% — OMP peak
split into 2 peaks

@ pH value in 0.05M disodium hydrogen

phosphate solution —resolution

o @ZHEEREEEED
!
i
}%
EE

z
Fig. 4. Effect of pH value in 0.05M sodium dihydrogen phosphate solution
on the retention time of HPLC for each veterinay drug

22




HPLC condition :

1. Column : Luna5xC18(2) * (25 cm x 4.6 mm i.d.)
2. Mobile phase : (A) CH3CN » (B) 0.05M NaH,PO, (pH 5.1)

Time A B

(min) . (%) . (%) .
0 - 10 . 90 .
5 15 85
20 - 15 - 85
35 30 70

45 10 90

| 3. Flow rate : 1 mL/min
4. Detection wavelength - 200~400 nm
5. Injection volume : 20 £ L

Thi Z36om

1M

o] B Tioma

104
4
o}
=X

L

o v % ;

° 10 zo 38 )
Retention time (wnin)
| FARIR ¥ 1 T ¥ R 1 2 3 & BF Nt 3 L3 2 .22 F BW 4
nmun
Fig- S. HPLC of 13 inery drugs by photodiod
TRy HPLC wore d om text.
Peaks: 1. clopid 2. adiars 3, fnthi, le; 4,
s, 6. 7.
l i LS 9. 10,
fin 11, 12, suifaqui 13,
sulfadimethoxine
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Sample Preparation

Solvent Extraction :

Methanol ~ Methanol/metaphosphoric acid ~
acetonitrile/metaphosphoric acid solution -
Acetonitrile

Cleanup -
C18 cartridge

A ZHCSQRAHEHR LMD HA RS KEZ 1LY
Table 2. Comparison of three kinds of C18 cartridges on the recovery of each veterinary drug

Recovery (%)*
Drug Sep-Pak C18 Sep-Pak C18 Adsorbex RP-18
(360mg) (500mg)** (400mg)
cLp 54.2% 0.69%+* 87.7¢ 3.55° N.D.ve#e
SDZ 452t 1.97° 76.2¢ 3.96" N.D.*
STZ 71.0t 4.76° 84.5t 6.23" N.D.©
CDX 88.9% 4.17° 834t 2.71° 12.6 3.72°
SMR 79.5 6.04° 82.8% 6.50° 2.2t 315"
oMP 89.8¢ 4.51° 96.5% 0.58° 14.1% 6.63°
SMT 87.2¢ 5.80° 84.6 4.70° N.D.C
FZD 87.4t 4.51° 945t 334" N.D.*
SMMX 89.8¢ 4.13"° 88.0t 4.25° N.D.*
SMXZ, 85.1¢ 7.68° 84.6t 3.68° N.D.*
ETB 92.9% 5.87° 97.0t 1.85° _ 616t 14.80°
SQX 70.6t 6.86™ 76.0¢ 1.92* 46.6t 12.52™
SDMX 79.4% 8.26" 823t 0.71* 354% 13.44°

* Meart S.D. (w=2), Chicken muscle was spiked with 0.2 ppm of each drug.

** Serbeat weight.

*** Means within 2 row followed by the same letter do not differ at the 5 % level by Duncan multiple range

test.
*ee* Not detected.
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Sample
], Extracted with 50 mL of CH;CN for 3 min and filtered (Repeated ouce)
Filtrate
Partitioned with 50 mL of n-hexane saturated with CHCN for S min

n-Hexane layer CH ;CN layer

(discarded) | Evaporated to dryness
Residue
l Dissolved with 20 mL of 0.05M NaH,PO,
Sep-Pak C18 cartridge (500 mg)
Washed with 10 mL of 0.05M NaH,PO,
Eluted with 10 mL of CH;OH
Eluate
l Evaporated to dryness
Residue
Dissolved with 1 mL of CH;CN/HO (37, viv)
Added with 0.5 mL of n-hexane saturated with CH;CN and mixed
Centrifuged at 3000 rpm for 5 min

n-Hexane layer CH;CN/H,O layer
(discarded)

HPLC-analysis

Peak area

450000

350000

Concentration (2 g/mL)

Mt -WHRARARREGS

Fig. 7. Standard curves of veterinary drugs
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Table 3. Linear relationship of peak area versus concentration of each veterinary
drug by high performance liquid chromatography

Drug Slope Intercept rt
CLP 68737 -14354 0.9999
SDZ 88531 -883.11 0.9998
STZ 46851 -1286.5 0.9999
CDX 158884 -5164.8 0.9998
SMR 85142 -2442.4 1.0000
oMp 121622 -1874.7 0.9999
SMT 84525 -4988.7 0.9998
FZD 83113 -7364.9 0.9948
SMMX 75568 -5115.9 0.9996
SMX2 75757 -1645.3 0.9998
ETB 83763 -1125.5 0.9999
SQX 85551 -2153.7 0.9996
SDMX 80760 -4080.7 0.9999

Recovery Study
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Table 4. Recoveries of 13 veterinary drugs spiked into ¢!

ik

Recovery (%)" -
Drug 0.1 ppm b 0.2 ppm 0.4 ppm
CLP 85.9 (3.98)° 87.1 (4.67) 87.2 (2.62)
SDZ 71.9 (4.55) 75.1 (3.07) 74.2 (0.85)
STZ 865 (5.90) 84.4 (7.05) 84.3 (3.58)
CDX 772 (3.02) 2.4 (2.69) 87.0 2.71)
SMR 90.7 (1.63) 88.1 (5.55) 90.1 (3.39)
omp 90.9 (6.28) 96.1 (5.02) 92.5 (4.85)
SMT 90.4 (6.48) 84.1 (6.80) 87.6 4.27)
FZD $7.8(3.13) 88.4 (4.48) 90.6 (2.64)
SMMX 77.8 (1.59) 81.3(1.99) 85.7 (1.12)
SMXZ 85.4 (3.59) 84.3 (4.03) 85.7 (2.00)
ETB 96.9 (4.90) 94.6 (3.51) 93.5 (2.03)
SQX 76.9 (6.62) 75.1 (4.51) 78.6 (1.97)
SDMX 82.7 (4.53) 812 (1.19) 82.1 (4.02)
a Average of triplicate
b Spike level.

< Number in parentheses represents coeflicient of variation (%).

AE- RAPEmIIMH A RIS KL

Table 5. Recoveries of 13 veterinary drugs spiked into swine muscle

Recovery (%)°
Drugs 0.1 ppm . 0.2 ppm 0.4 ppm
CLP 84.2 (5.36)° 86.9 (3.07) 85.4 (3.25)
SDZ 71.1(5.89) 73.6 (1.16) 723 (4.18)
STZ 88.4 (4.15) 84.0 (2.42) 86.2 (3.17)
CDX 75.6 (5.91) 81.5(3.11) 86.5 (2.74)
SMR 95.6 (0.39) 88.9 (2.18) 93.1 (2.38)
omp 96.7 (2.16) 96.4 (0.92) 94.0 (1.36)
SMT 82.2 (6.05) 80.3 (2.22) 88.5(2.27)
FZD 99.6 (5.30) 91.0 (4.94) 93.3 (1.31)
SMMX 77.8 (3.71) 83.6 (1.20) 90.5 (2.16)
SMXZ 824 (3.47) 84.4 (2.61) 88.5 (1.68)
ETB 91.4 (2.06) 95.2 (4.60) 96.6 (1.08)
SQX 71.7(7.79) 73.1 (3.18) 79.5 (6.30)
SDMX 78.4 (4.67) 80.3 (4.93) 84.5 (4.83)
a Average of triplicate.
b Spike level.

< Number in parentheses represents coefficient of variation (%).
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Fig. 8. HPLC ch
cth.Oprunlcvel(A.C)-ndbhnk smple(‘B.D) (A.B)
Chicken muscle., (C,D) swine muscle. HPLC conditions sod
pesk numbers arc the same as Fig. S.
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Fig- 9. HPLC ch lumtoflSvmrydrup.(A)
Chicken rmnclz. ®) mnc le. HPLC and peak
numbers are the same as Fig. 5.

LOD:
STZ :
0.04 ppm

Others :
0.02 ppm
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nAbs

154 1 23Cuom A as.of 1 } B

20 ) H : :

s -

° et \J/ Similarity :

1s 270w T P
10 ¢ , . 0.9986
°1 Wavelength (nm)

—
1597 Ch3} 308nm

5 1s. 3 C
134 Che 3esnm
10 A o \\
e N o Nt
o ""‘\—f—————\—-*s_)—w
° 10 20 10 40 20 - 250 )oo ;so 400 -
Rictention time (min) Wavelength (nm)

A+~ M WAL AR 1.23 ppm 2 kA WA R X (B) R

MR Z(OZ XM AR RN
Fig. 10. HPLC ch g for chick le sample with
sulfaqui line idue of 123 ppm (A), and UV-

adsorption spectra of the peak from this sample (B) and
sulfaqui line dard (C). HPLC conditions are the
same as Fig. 5.

Conclusions

»>This method is easy to operate and capable
of removing most interference after
cleanup with a Sep-Pak C18 cartridge

> The average recoveries for most test drug were
higher than 80% except for SDZ and SQX

> PDA detector can be used to further confirm the
compounds of interest by comparing the spectra
of analyte with those of standards

29




Simultaneous Determination of Qunolones in
Livestock and Marine Products by High
Performance Liquid Chromatography

Ref: J. Food Drug Anal. 11(2): 114-127. (2003)

Bureau of Food and Drug Analysis,
Department of Health, Executive Yuan,
Taiwan, R.O.C.

Fig. 1. General structure of quinolone antibacterials.

R1: cyclopropyl, ethyl, methylamino, fluorophenyl
group and thiazine or oxazine ring.

R6: fluorine atom.

R7: piperazin-1-yl, 4-methylpiperazin-1-yl,
3-methylpiperazin-1-yl.
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Q [o]
COOH 0. COooH
fee guReee)
X N

CHy” N7 N t
CyHs

C3Hs CiHs

Nalidixic acid (NA)  Oxolinic acid (0OXA) Flumequine (FMQ) Piromidic acid (PMA)

o

T Fj@\j‘)]/m" meon
“N|/\N N
Ay Ai X .

F

Danofloxacin (DNFX) Enrofloxacin (ERFX) Sarafloxacin (SRFX)

B — - t#iquinolone i & A L L LR -

Fig. 2. Chemical structures of 7 quinolone antibacterials.

Sample
!
Extraction
Solvent Method
(1) CH,CN (1) Homogenizer

(2) 0.2% MPA : CH,CN (7:3,v/v)  (2) Shaker
{3) 0.3% MPA : CH,CN (1:10, v/v)  (3) Vortex mixer

Clean-up

C18 cartridge
(1) MeOH
(2) 70% MeOH
(3) MeOH : 0.05 M NaH,PO, (pH 2.5)(70:30, v/v)

HPLC

(1) Optimum detection wavelength (UV and fluorescence )
(2) Mobile phase
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o —+— OXA
X —=—NA

Tt

§ FMQ
& . DNFX
> —e— PMA
=

@ —=— ERFX
2 . —a— SRFX
o ~— . - -

Concentration of SDS (mM)

= - SDSIR K $# #quinolonedt B M P AFL 2 BE -

Fig. 3. Effect of the concentration of SDS on the retention time of 7 quinolones.

HPLC conditions : Cosmosil-AR-II 5C,;; mobile phase, 0.05 M phosphate buffer (pH
2.5) : acetonitrile (65 : 35) containing 2-5 mM SDS; flow rate, 1.0 mL/min.

Table 1. Optimum detection wavelength of 7 quinolone antibacterials
using UV and fluorescence detection

Quinolone Peak UV(am) Fluorescence(nm)
number Excitation Emission

Oxolinic acid (OXA) 1 267 327 367
Nalidixic acid (NA) 2 258 327 367
Flumequine (FMQ) 3 241 327 367
Danofloxacin (DNFX) 4 287 295 446
Piromidic acid (PMA) 5 286 * *
Enrofloxacin (ERFX) 6 284 295 446
Sarafloxacin (SRFX) 7 287 278 442

* Piromidic acid has too low fluorescence quantum yield to be detected.
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Photodiode array detector

1.0XA (40 ng)

40| CET Z60mm

260 nm 2.NA (40 ng)

3.FMQ (40 ng)
4.DNFX (4 ng)
5.PMA (40 ng)

48] 72

6. ERFX (40 ng)
7. SRFX (40 ng)

HPLC conditions :

Fluorescence detector

» Column:
Cosmosil-AR-II 5C18

23
327/367 295/446

278/442

Mobile phase:

0.05 M phosphate buffer
(pH 2.5) : acetonitrile
(65 : 35) containing 3.5
mM SDS

Flow rate: 1.0 mL/min

2 13 20

Table 2. Calibration curves of quinolone standards (FL)

Quinolone Detection Linear equation  Correlation

coefficient
OXA Ex327/Em 367 nm Y=67044X - 54 0.9994
NA Ex327/Em 367 nm Y=10854X -1014 1.0000
FMQ Ex 327/Em 367 nm Y= 40984X — 4766 0.9996
DNFX Ex295/Em446 nm Y=1193454X-12233 1.0000
ERFX Ex295/Em446 nm Y=266437X-13016 0.9999
SRFX Ex278/Em442nm Y=397192X-18657 0.9999

(DNFX 0.005-2.0 pg/mL, 3 2% % 0.05-10.0 pg/mL)
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Table 3 - Calibration curves of quinolone standards (PDA)

Quinolone Detection Linear equation Correlation
coefficient

OXA 260 nm Y=189580X + 4687 0.9995
NA 260 nm Y=133440X - 6318 0.9999
FMQ 260 nm Y=86446X — 1665 0.9999
DNFX 286 nm Y=177675X — 1378 1.0000
PMA - 286 nm Y=225886X —-30396 0.9996
ERFX 286 nm Y=114164X -7362 1.0000
SRFX 286 nm Y=109053X - 8211 1.0000

(DNFX 0.01-2.0 pg/mL, 4% % 0.1-10.0 pg/mL)

Extraction solvents O cH,CcN 3 0.2% MPA: CH,CN (7:3, viv)
T3  03% MPA: CH,CN (1:10, viv))

i
ML

i

1

Chicken muscle

Recovery (%)

Chicken liver

Recovery (%)

Eel

Recovery (%)

BFDA
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3  Homogenizer (10,000 rpm x 3 min)
1 Shaker (10 min)
1 Vortex mixer (10 min)

Recovery (%)

Extraction method

X~ B F S doTHEquinolonedn i #-5-2 ppm (DNFX 0.4 ppm) 3t R B
ERFXXzEHk#k -

Fig. 6. Recoveries of 7 quinolone antibacterials each of 2 ppm (0.4 ppm for
DNFX) spiked into chicken liver with various extraction methods.

[C1 MeOH 0 70% MeOH

T3 MeOH: 0.05M NaH,PO, (pH 2.5) = 7:3 (v/v)

Recovery (%)

Eluent

M £ ~ BAR F] %% & Bond Elut C18 £ i F i¥ 2 quinolones i & &}

Z E R -
Fig. 7. Comparison of quinolones recoveries from Bond Elut C18
cartridge eluted with vakidds solvents. 12
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W OXA
BNA

OFMQ
O DNFX|
| PMA
@ ERFX

@ SRFX

Recovery (%)

Eluate (mL)

L

B\ ~ £ #quinoloneii i M4 Bond Elut CISEX I F ¥ #4244

Fig. 8. Distribution of 7 quinolone antibacterials eluted from Bond

Elut C18 cartridge.

g~ SRR AT BA BT BARF AT HRmLH

quinolones 2 &) i %
Recovery (%)

Sample 0.01 ppm* 0.1-2.0 ppm CV, %
Chicken muscle  81.3-84.5 81.2-98.6 0.3-54
Chicken liver 75.2-82.9 80.7-96.6 0.4-5.8
Swine muscle 79.9-85.5 80.4-98.5 0.3-4.7
Swine liver 769822 80.1-97.2 0.8-54
Eel 75.4-82.3 82.0-96.7 0.3-4.2
Sweet fish 74.3-83.3 82.5-99.9 0.3-4.8

*LODs of NA ~ FMQAPMAS 0.01 ppm °
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2%

L

A

Ci

FL

FL

Retention time (min)

Retention time (min)

]

W A~ AT Hdu -t fquinolones B B 2 & A W 3% -

Fig. 9. HPLC chromatograms of 7 guinolones spiked into chicken liver
at the 0.4 ppm level (0.04 ppii for DNFX). s

RE ~ RESARS AR CifquinolonesZ B H kR &z BT

uv Programmable
. fluorescence UV/FL
Quinolone - .
Wavelength Detection ExEm Detection ratio
(nm) limit (ppm) (am)  limit (ppm)

O0XA 260 0.01 327/367 0.01 1

NA 260 0.02 327/367 0.05 0.4

FMQ 260 0.04 327/367 0.02 2

DNFX 286 0.02 295/446 0.0006 33

PMA 286 0.02 295/446 N.D.? -

ERFX 286 0.02 295/446 0.002 10

SRFX 286 0.02 278/442 0.002 10
*Not detected.

BFDA
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Retention time (min)

|

W+ - AR T t#quinolonesiL H R Z KB HBRERVTH % -
Fig. 10. HPLC chromatograms for the detection limits of 7 quinolone
antibacterials in chickefifiver.
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Quinolone  Concentration Intra-day Inter-day
(1g/mL) (CV,%)(n=3) (CV,%)(n=9)
OXA 0.5 2.04 325
2.0 0.43 1.85
10.0 0.42 0.50
NA 0.5 2.43 1.83
2.0 0.66 1.37
10.0 1.48 0.19
FMQ 0.5 3.29 5.23
20 1.77 243
10.0 1.81 4.54
DNFX 0.05 2.07 243
0.2 0.35 0.66
2.0 0.23 1.48
PMA 0.5 1.02 1.13
2.0 0.40 0.95
10.0 0.10 0.28
ERFX 0.5 093 - 1.10
2.0 0.12 0.28
10.0 0.36 1.62
SRFX 0.5 1.06 3.20
20 BFpA 0.25 062 3
10.0 0.17 0.33
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ERFX
_J | SN S |

ERFX

e LJ\

0.9985

ERFX

A

FL[)

L_J*

Wavelength (nm)

{ Retention time (min)

B+— - &R EARMAYERFX 1.08 ppmZ & H B # X K5 ARKE Y -

Fig. 11. HPLC chromatograms of wu ku chicken muscle sample with

ERFX residue of 1.08 ppm.

BFDA

0.9997

|l

Wavelength (nm)

l Retention time (min)

of 0.35 ppm.

B+ = - & &Rl GOXA 0.35 ppm2 47 B A K5 AR UCH % -
Fig. 12. HPLC chromatograms of sweet fish sample with OXA residue

BFDA

20
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Table 8. Tissue levels of ERFX in wu ku chicken muscle samples

Concentration* (ppm)

No. of sample

Muscle Skin Liver
1 1.16 (4.8)® 2.37(1.3) 0.27 (0.8)
2 1.54 (3.9) 2.87 (4.3) 0.18 (3.7)
3 0.10 (4.9) 0.25 (2.5) 0.01 (2.1)
4 0.08 (3.9) 0.21 (4.3) 0.01 (3.9)

*Average of triplicate.
bValue in parenthesis is the coefficient of variation(CV,%).

BFDA 21

~—a—No.l
~8—No.2
—&—No.3
—a—No .4

ERFX residue (ppm)

Time (day)

B+= EFBARN TR GERFXABZGET MrFz R EM -
Fig. 13. Stability of residual ERFX in wu ku chicken muscle
samples during storage at 4°C.

BFDA 22
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Conculsions

1. A HPLC method for simultaneous determination of 7
quinolones was developed.

* HPLC-photodiode array and HPLC-fluorescence
* Recovery Study
* Limit of Detection (LOD)

(UV 0.01-0.04 ppm, FL 0.0006- 0.05 ppm)

2. The enrofloxacin residue in wu ku chicken was very
stable.

Thanks for your
attention!
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Determination of polychlorinated

biphenyls congeners by Gas
Chromatography ion trap tandem

Bureau of Food and Drug
Department of Health
Taiwan

mass

Extraction and Clean up

* Meat 30 g — homogenization
— dry at 100 °C — lipid
extraction — Clean up —

4. Elute solution l

3. Apply Sample l
1. n-hexane/DEE L

concentration — GC/MS/MS

* Eggs 50 g — sodium sulfate —
50 g — seaseed 10 g— 2. Discard T
dry at 100°C — lipid '
extraction — Clean up — 3. Collecting ﬂ

concentration — GC/MS/MS

Sodium sulfate
20% acid silica get
33% acid silica gel
Glass wool
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Gas Chromatography

Column: HP-5MS, 0.25 mm x 30m, 0.25 um
Temp. program: 95°C, 1 min, 4°C/min, 130°C,
15°C/min, 170°C, 250°C, 2°C min, 2 min.
Injector temp. : 250°C

Injection volume: 1 uL

Mobile phase: N,, 1 mL/min

Split ratio: 20/80

Ion Trap Mass/Mass

* Waveform type - Resonant

- CID (collision induced dissociation) = 1.75~3.0 volts
* Mass isolation window = 1ot 2 m/z

* Jon time = 25 ms.

* Emission current ¢ 50 lamps

* Target TIC = 5000

e Scan rate = 0.16 sec/scan

* Multiplier offset = +250 V

* LMCO = low mass cut-off for CID

* M-2Cl for PCBs congeners analysis
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PCB Congeners |

- X 28 PCB=177, 81,126,169 (Coplanar) , 28,
37, 44, 49, 52, 66, 74, 95, 99, 101, 105, 110, 114,
118, 137, 138, 149, 153, 156, 157, 167, 170, 180, 'I
and 187.

o Wt ¥+ A M 2 45 PCB congeners «
+ 4% >PCBs 5% Z PCB congeners -
« 4%> T HKA¥ 5% 2 PCB congeners *
s MEREFREK 222 T > IPCBs2% -
( Canady and Hayward, 2000 )
« Y7PCB=28,52,101,118,138, 153, and 180.
* 3C1I~7C1 7

» 1/3 all PCBs in the contaminated feed in Belgian
chicken incident

@_@ - PCB : PCDD/F = 50,000 : 1 “
} / o, (Bernard etal., 1999 )

» Coplanar PCBs
77,81,105,114,118,123,126,156,157,167,169, 189

> Bordet et al., 2002. (Interlaboratory Study ) I

28,52,101, 118, 153, 138, 180
» Mesetal., 1991. (Canadian dairy products) il
the most prominent PCBs = 99, 118, 138, 153 "

v

Sewart, A., and Jones, K. C. 1996. (UK. cow’s milk )

> Jones, K. C. 1985. ( >70% occurrence in environmental,
biological and human tissue samples )
28,74,77,99,105,118,126,128,138,153,169,170,179,180 l
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Ghromatogram Plots
Fao nigemaiming

ot
10743 Time Rang
ae: miK pob a1 mulliply

ehel 280 ppul sms
200 ook 2

Opereter. Yacwn
o: 800 - $39% min. Da 206428 7 1 07:00

.......

PCliis'"(fiiifgéiiéi'«s” ]

311 1L ﬁLLU:}LLMqLEuﬁ?_JL

A g

..... T

3Ci1PCB

.....

J 5CIPCB

| 6CIPCB [1

. .S |\___}« e A
i 7a1pCB :

] 8C1PCB

Fig. 1. Extracted ion GC-MS/MS chromatograms of PCBs

standard mixture ( 200 pg injected )

Chromatogram Plols
Pt 1. i\geme gune S X20Neck-138 100 pob.owa RIC o8
Pict 2. K gernp gm0 asimon r0.2 sve RIC of
S —— [P ————
- N . M-2CI = 288
o Product ion ratios =0.57 M+2-2C1 = 290 '[L J
—EE - ———
={ Product ion ratios =0.46
= = £ 3 e
§ PCB-138 M =358
b M+2 =360
£ 100 pg injected
== |
o sample (2ng/g)

Fig. 2. GC-MS/MS ion chromatogram of PCB-138 in sample
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Survey on the organochlorine pesticide residues

in eggs and meats in Taiwan

Bureau of Food and Drug Analysis,
% Department of Health, Executive Yuan,

Taiwan, R.O.C.

"B A BRBEEMN2001 £ mBARBERRA+ 1t
ZYEFARERT LY POPs) Kb M
(Aldrin) ~ T £+(Chlordane) - & % #(DDT) - .45 &
(Dieldrin) ~ %45 # (Endrin) ~ 4% i& (Heptachlor) ~
#. X (Hexachlorobenzene) ~ 3% % (Mirex) - F 3% 3¢
(Toxaphene) ¥ AL A M AR E -

BBV EAREAY RS NZE
BEREEA -

A CHAMEETBRREATARABIZAYGE -
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=*FDA Total Diet Study (1)

ML Ground Beef { Beefsteak,| Pork chop, Pork Pork roast, Lamb
beef, chuck |} loin, pan- | pancooked | bacon, baked chop,
ARER pan- roast, coked pan- ppan-
cooked | baked cooked cooked
|  a-BHC ®
Lindane o o o
Aldrin
a -Chlordane o
[ 5-Chlordane °
Heptachlor
Hepta-epoxide | @ o @ o @ @
4,4-DDE L L L L o o ®
44-DDT @ @ @ @
Dieldrin @ @ @ o o @
l Endrin
[ Toxaphene
(US FDA, 2000)
*FDA Total Diet Study (2) .
it Eggs, Eggs, Eggs,
ARER csrambled fried boiled
a-BHC
Lindane
Aldrin
a -Chlordane
B -Chlordane
Heptachlor
Hepta-epoxide
4,4-DDE [ ® ®
44-DDT
Dieldrin o o ®
Endrin
Toxaphene
(US FDA, 2000)
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*The tolerances for persistent organochlorine pesticide

residues in eggs and meats (Taiwan)

pesticide Egg (ppm) Meat (ppm, fat basis)

BHC -— -

HCB - -

Lindane 0.1 Beef 2

Pork 2

Lamb 2

Aldrin & Dieldrin 0.1 0.2

Heptachlor 0.05 0.2

Chlordane 0.02 0.05
DDT - 0.5

Endrin 0.2 0.1

Toxaphene ——ee —

Mirex - -
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=15 organochlorine pesticides

RX LB PG RXLHE  PXEHK

a-BHC Skl FE 44‘-DDT PR
B-BHC ol 7T 4.4°-DDE BRG
Lindane & Dieldrin WAx &
Aldrin FT45 & Endrin TRE
Heptachlor feth iE Mirex B
Hepta-epoxide 3E @ MMk Toxaphene Fi&iF
a -Chlordane T £.F+ Hexachlorobenzene 7% i, %

B -Chlordane +] £,/

10
“Z AR Y
oB5 By % Hx-Soxhlet extraction
1 230g ~ 80°C ##£2~3 /8%
ALK ERASAY ~ 60°C ~ 6~8/) 8F
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0% # f.%| % B (cryogenic extraction )
“WRAAERY 0.5 g

A RECTEER

‘LH F —R¥FREG:1,v/V)3mL

*-15C -~ 300rpm %4 & 20minX — =k
X% E2mL

12

o7#1t(clean-up)
CISElfa % ¥ 1 g/6mL :
WIRZR-TH 10mL
By ER4E Bl A R EE ]l g/6mL -
WIR-BAEE D TE(4:1, viv)IOmL
FIRR2- B e D LE(17:3, viv)12 mL
ETLHAESZE]I mL
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EBERRE
O MR $L $5 KB L 4R R 6-(1:3)

14

4 s 2g+ Bulk sorbent 0.5g +
WARR-HER ¢ ETH(1:9,v/v)2mL

7y & 4% Bl 48 B (2 g/20 mL)

TR &18 mL

EOKHESZE2mL
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"R B

GC/ECD

15

(Gas chromatograph equipped with electron capture detector)

Column : DB5
165 C-1min ~ 3.5 C /min ~ 250 °C-10 min
Injector : 250 ‘C  Detector : 300 C

"AHABRERLTEEE L

16

BRI R Le g FE I Ytk | A&
a-BHC 7.942 HCB 8.32 toxaphene
B-BHC 8.855 lindane 919 | miFthig%E
heptachlor 12.18 aldrin 13.77 | (characteristi
B -chlordane 16.60 hepta-epoxide  15.73 igp B;al;?] 2@
4,4‘-DDE 18.34 a -chlordane 17.37 B ET
4.4°-DDT 22.12 dieldrin 18.44 &35 8
mirex 26.90 endrin 19.46
fda ik b kR4

£.48 & ¥t 4k : Varian 3600,USA
M4 & : ECD (electron capture detector, § F &Kk B)
A& ¥ A 4 DBS (R4#80.53 mmx 30 m, MBS & 1.5um)

FTHIE:HRI165T, S lmin, ZE + A K £3.5°C /min, #3250 °C, #4510 min

EABEE250C BESEA300C SHARM: LA, Rk 10 mVmin
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=*GC chromatograms of 15 organochlorine pesticide standard.

0 £ X €
28 8 «3 23
@ 3 :...to-
3 5 af . 8
1S o] o
BE E HEES
3 E |3 3 2-‘-‘:
oo
3 L%ﬁ
2 E 2L
2 ml—§
3 8 g1
a &
o o
140 3
LA

© 5 101520 25 30 354045 0 5 10 15 20 25 30 35 40 45
minutes minutes

(gas chromatography—tandem mass spectrometry)

BERI BELT BE &I
18
GC/MS/MS
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sSurvey on 15 organochlorine pesticide residues in eggs in Taiwan 20

R4 | Hen eggs (2444) | Duck egg (1644)

pEzm |HRETE  Re wERE ke
(ppm) (ppm) #H® (ppm) #
a-BHC 0.006 ND 0 ND 0
B-BHC 0.08 ND 0 ND 0
Lindane 0.006 ND 0 ND 0
HCB 0.01 ND 0 ND 0
a -Chlordane | 0.01 ND 0 ND 0
B-Chlordane | 0.006 ND 0 ND 0
44-DDE ]0.01 ND 0 ND 0
4,4-DDT }0.006 ND 0 ND 0
Aldrin 0.006 ND 0 ND 0
Dieldrin 0.04 ND 0 ND 0
Endrin 0.04 ND 0 ND 0
Heptachlor | 0.006 ND 0 ND 0
Hepta-epoxide | 0.01 ND 0 ND 0
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Survey on 15 organochlorine pesticide residues in meats in Taiwan (fat basi

Bk | Pork 274) | Beef(154) | Lamb (184%)

rEam | AR T e mE | RERE k& | RERD k&

(ppm) (ppm) i 3 (ppm) Lig -3 (ppm) 5
a-BHC 0.006 ND 0 ND 0 ND 0
B-BHC 0.02 ND 0 ND 0 ND 0
Lindane 0.02 ND 0 ND 0 ND 0
HCB 0.02 ND 0 ND 0 ND 0
a-Chlordane | 0.02 ND 0 ND 0 ND 0
B -Chlordane |0.006 ND 0 ND 0 ND 0
4,4-DDE ]0.006 ND 0 ]0256~0516 3 |0.018~0.287 6
4,4-DDT |0.006 ND 0 ND 0 ND 0
Aldrin 0.02 ND 0 ND 0 ND 0
Dieldrin 0.006 ND 0 ND 0 ND 0
Endrin 0.04 ND 0 ND 0 ND 0
Heptachlor ]0.01 ND 0 ND 0 ND 0
| Hepta-epoxide | 0 006 ND 0 ND 0 ND 0
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Regulation and Residue Monitoring Program of
Veterinary Drugs and Pesticides for Animal
Products in Taiwan

Bureau of Food and Drug Analysis,
Department of Health, Executive Yuan,
Taiwan, R.0.C.

Legal framework

Food Sanitary Standard

® Pesticide Residues Limits in Meat Products

DOH Food No. 85010179 Announced, 2/ 12/1996

Note 1: Pesticides not listed in the table shall not be
detected.

Note 2: Both the MRLs (ppm) and the actually detected
residues of pesticides are calculated on the basis
/ﬁ of the weights of the products sold on the market.

BFDA 2
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Note 3: The examination of pesticide residues shall

include the pesticide itself and its metabolites.

Note 4: The offals listed in this table are edible parts.

Note 5: The maximum residue limit of pesticide of milk
products marked with “F” should be calculated in the
following way:

(1) if the fat content of the milk products is less than 2%,
the maximum residue limit of pesticide of milk should
be half of the maximum residue limit of pesticide of
milk. ) .

(2) If the fat content of the milk products is equal to or
more than 2%, the maximum residue of pesticide of
milk products should be 25 times of the maximum
residue limit of pesticids F&f milk.

Legal framework

Food Sanitary Standard
* Veterinary Drug Residue Limits in Foods
DOH Food No. 0940403032 Amended, 4/ 15/2005

Article 1: The Standard is prescribed in accordance with

the provisions of Article 10 of the Act Governing Food
Sanitation.

Article 2: The examination of veterinary drug residues
referred in this Standard shall be marker residue,

including the drug itself ang its significant relevant
metabolites.
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Article 3: The veterinary drug residue limits in foods shall
meet the following table. Veterinary drugs not listed in
the Table shall not be detected. For those listed
veterinary drugs not permitted to be used by Council
of Agriculture, Executive Yuan shall only apply to the
imported products. '

BFDA 5

Monitoring Program

Imported and Domestic Meat Products
> Antibiotics
tetracyclines—tetracycline, chlortetracyline,
oxytetracycline, doxycycline

gentamicin, penicillin, streptomycin, tylosin,
erythromycin, neomycin, lincomycin, chloramphenicol
> Synthetic Antibacterial substances
sulfadrugs— sulfamerazine, sulfamethazine,
sulfamonomethoxine, sulfadimethoxine,
sulfaquinoxaline

BFDA 6
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Monitoring Program

> Synthetic Antibacterial Substances
quinolones— nalidixic acid, flumequine, oxolinic acid,

piromidic acid, danofloxacin, Sarafloxacin
nicarbazin, carbadox, clopidol, furazalidone

>Anabolism Hormones
17B-estradiol, zeranol, progesterone, testosterone,
diethylstilbestol (DES), hexestrol, trenbolone--17a-
trenbolone, 17B-trenbolone, B-agonist- clenbutrol,
mabuterol, salbutamol

BFDA 7

Monitoring Program

> Pesticide

a-BHC, B-BHC, lindane, HCB,aldrn, endrin, dieldrin, DDT,
DDE, mirex, heptachlor, heptachlor-epoxide, a-chlordane, B-
chlordane, toxaphene, endosulfan

>PCBs
3CI PCB congeners, 4Cl PCB congeners (27 compounds)

BFDA 8
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BHFR

¥ pumad

%70 "AOAC INTERNATIONAL | #——AE 4 2 HAH L 22§
—XMESH I EABMRRREEY (—)

84t 5

MA—+—tResl R dReR "Rk R B4 T BiRds s
HFROETHR  BARTEUBH AR GRENIEE M2V ER N ERH LD
PORAMRL FARAAXREOEARNEANTELE E2EEUARTELS Y
FRBFHRABADEFAE  EEREESAT DA Aot L84 45
TEEEAANRARSARE ENHERRAL T S MZESHBAREIZE
BEL SAHRINBASZRBRY EHFLBUN  AdRAHZARE £
RABARBERRYT A ERMAGFHR AL THSBE A4 L 2FRTHER
HRE B HFHER RERR - ERAREALEREZHMARRE L ®
RUHESAHBAS RTH LR - Bk A H/E A%k AOAC INTERNATIONAL
R-——NE5aIHE SAdRe AEHRARSRZ k2 B TRESE
AY - LRVNRREZEVE RALB - BEREE - BA - GERFRLEZTH
BRMEME » £ 22 & - DIREZL 23466 4 Dr. Mark C. Roman » 70 £ K
ChromaDex 2+ 3] » BERARERINPIEE » £H 15 £1e8 - RLR B %H# LS4
BYETZAERRELAER - £ANRRR Y BGRAHRNLIEATA KL
“KBERBL LR FEZ I RARZ AN S ERREL - ARLEEHE
B BT RBAARRHNE  BRAUAHHE LB THRELENE B8
ZHAMBANBELHETY - ATHRA4HANRZBZRAERERE > Gtz R
5 HENEEZLARS -

- LEREL
— ~ 5# F ik (Method of analysis ) :
REREBRREA L2 ¥ ati S R EMARNS mEL2Z S
REFHAREZBOEL - AHFTECRATHASTHATEEHE > 4 HPLC,
GC, AA ¥ ARF A ARANE—REIH44 - REAEEAY  AX2 R

61




EHERBAT TRV FFARAROLABHRERE -
=~ Hfc45 (Performance characteristics ) :
AHERFEEGET  ARAGNES R AR ERZTEE - LHA Y
FEES T4, A pSE T A4 BAEME (applicability, scope) ~ & —
# (selectivity ) ~ #rsk R 8 R4 (precision, variability) + 1 & & 5 4k %
(reliability, recovery ) ~ # 8 (range) » FE R R A GEBR AT 2"
= ~ s % (validation) :
REFHEAHIH VN EHRBBZRTREXHEE - AR TH AT
Z8  RE XM ER LY (full collaborative study)» 24 S MRV T LM ; A
Fl ©# X 2 % 7k (peer-valified method ) ' 2-8 KB ES R E—KREAMS
# (single-laboratory validated method ) & — XS K E AN — BB T ey 4
ERSERMEE - BEXRERRHE - ARBIYLRERE - BERERA
(e HBEBRLE REAFBETL - EAFAE) - AREN (DI~ 18
AR~ HERBE) FXIVE AR~ KR EAB B EREXREM S+
ZBRAM -
R B-KREAMG TR
ERENABTRENREUT 2 E—KREAREAERY &
ABAHRME REBER - AERANES - E— Y L2 —FN s
HEHW - AXRTLESRE AURBAALHXRELERGHLIE -
MERBBRFTERMNM L2 > SEBBHERET ALZEHH
BT ~ MARHBEEH - REA T A2 bbb MG LR o do—
BehtRAMAS ARFTRBSAHERRELR SO LEREEHE
KA Z ok B 54 kAT 8 - BRTAEK -
£ HRIZHH:
—i#A&ER:
(=) HER I ERRAT FRRATRI o FE2ERY 2K - PWRER
BZHXEEF - T
L %34 - 2REJ4ECLY R ERBZ 2 4MYE (St John’s wort) 2 4
o REFFHEMMEFE (hypericin) ~ AL 8 E ¥ (pseudohypericin) -
hyperforin - adhyperforin £ X %8 - BA B RBHAETEMH - 2 REL -
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L2RBEFR THEASEER - LEREE— RS AHARIMIZH
% wASEE ROl RAS L. - $4ritBc® M (Echinacoside) R 488 -
S4B E ¥ & dianthrones - MBI HHAFLBANAEE Y AL LY
B2 &R FE o do/ ik (berberine) & berberine BEH® - N HBRAHH
BRAKB - THSEMABRES ML ELEMTZ0E - RELE
XM~ BHAM - RR (NIST/EPA > USP {2954 R% ) RERE»#
FR uKBALERZAS -

BT RRRE RS (B - HH#EEE SAMe -MSM - B2 M £ %R
)it (2RIER THELASET  Zad  skibdtn BtFs
cSRE ST NET S SRR T $-3 T RO T I I P Sy I8
® soft” » 4o k4% Kava ~ JE 4l % Pygeum )~ AR & (s - BB L -
A K -~ BTR| tinctures) RBAER RS (HEGLOHH - THLEH -
SEEHLH  HBY) B FTREAMENEALBATBAELATIRAF
R-BHIHZEGBACRALENIW AR BRI EENEE (K
SH ) TELERBACESDLERRELE  REEHIHREENB MY
BREBEXHA - BTIROHRBEZ M THAEWE—HERY
ZRRX—BFEF ST LA SFRABTEBEH R E&Y -
Fr AL B o sE W B H A4 BoodHEERRT 24
o ANLAMIT VR THERINARE - AASELERHSATZHYE -
RERMHBERER - REKLE -

CAWRERE C RETEMEREME  wEMH TR R MY (8B
48K - %MHF% - B L& aristolochic acid ~ the&-92 #i H#k pyrrolizidine
alkaloids ) REH SRR ELRAEHE HdNBERB BY¥ETERY
HROAFLISHHE - RECTERFARIGL T w BBz (41
FFHE NERES) 2B REANET AR EEABRIABRE -

(Z) 2 HBHZARAT? RESKATH ~ RN T —HIFABEERR -
(Z) SA®EREF LK -
(m) SREBRFFELHRAGORR  BEAR RS DT A ABRZ LT

MRELRA EHFATFER > wisit (echinacea) ¥ phenolic acid
Za#H EHFEEZEHA>ENEG (ligustilide) Z0# % - YRR &2
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MEALEFTH 2L BERRTELERDEE Lt ¥ - B -
WH ¥ (ephedra alkaloids) - & RR : HEAERPATZILLY W EES
B gk RMER - BEBALTSNELRDE -

(B)FAERAERRARBZIRT IR KB T SRAPTERIASLE -

S HiEZ R BATERARAR T EREL S SMATTHSEE & —
REFTAMERRM AR BN ERE B HARELLEEHAF A
i o

(M) ERR:ZEEME - RUBE - YREBRANE ) PHEFRARERE
O X BN EREZ LK REBMMERE2 L AFABE BE%E
R RRRE O BERUERREZHR (REXAE 22> 2R
RRERAHARRZ 12> wRAFHGRBBBLTRE > BHUNEFBE
RE S REBRIATREBBAS THRELAERNB2ZHR) -

(=) FE2BRE : BRME - Atk A4 FBE - Tk SO HEZRABEE -
O2ME - HARE A - RB - AX (REL XS L2284 A
W FERR LMY AT IEERRAS —Fik SR ARRZERK -
FEFHEEREZEH BEL - HLY% > THBUATHASTE R4
MERREVEBRRERTH - RETHLER o4 AGAC 53| P AT
ZER: EFH-10% BEH-2C » pH E+/-0.05 » 5FI+/-5% » MR B &
Rtz iamTAGERERE -

S AMKERZIBE  THRERDVUASEAR 2SR —RTEER L &2
¥R oedl - MM - AR% -

(=) Rx@mEn -

(=) % -

() #aRAREHOHEB DR AL EHIE -

(@) R|EB—HEBVEDRTHESORERAL -

(2) BThRRA N0 RBELRF > QIR IRK $EHTE - 48

f4




* <

-—

-
——

—
-
—

By
Yy

HEERE
BAEM (selectivity ) :

ARSFREABRMELRY R EREH 24 S £ IUPAC B1GHF:EHEN - —@F
FHEFENTHUATHRRAS  BHOEESE > RRAER - BRER B ERE 4
RREZE—M - THY HMBERXBARS RG22 T RO EBRIHER2ZA
BMHRE - BEBEURTUGZERATREY  FaXTTRRASFRSAAEAR 254
HRRS  AARVAGHES  AXRASHEETAEERZERZRAY -

EOATTHEL Ik BERBHRAARTG - AEEa  —BAR4HRAS 2
TERARS ARRAXEFTEHEERL - FT LG TRAREHS I A BFETHS A -
HRAEUBRASARMERGTH  2EIRFAI TS R—BEAGF X - %4
REJEO HANRLIREL 2 ERARINAS RARBAAEMELY T -
BARES R EBBEBRATREDLENF  AREHBERATAHBR S EROTHLE -

EHNIHFREGRTEORELREFY  ASTUEERR RS AR B Y
R A K 4k Ephedra nevadensis % %, Ephedra sinica » & TRAF 5 RML I E S 0412 %
G RIAFRF A TFHRZEN ol A EHSEAPDA-LCMS - Y EKRERE
MR EATEIL - ETHDE I RBEERESN PDARMS RBHHIH TR - 2 BE
— B RIEBRESH  BEBATURH AT REE - ASYERES &
KA~ KA AL AR RBE(THER AR ARSI ESR -

~ X —M (Specificity) : H#EAF 2 FRMEEN  FREA RS TFHRZES -
* 31 ¥ (Calibration) :

() gitaghiEn:

BEEALAGH  AFEXA=mC+bREAFT - REZKRERLZBAERZEHS
Rz REEE  EVRMSHAE  TREBBAK oM LHEH W - FFEHH
EXoAGaBFXitE ARS Ol  BHE C RERML - SHHRMAER
ZRBLTH- - AHBRAH () —HRELEN0995 UL - EAFISHE > BESF

BXZHE (slope) A#E (intercept) I A B EE L K Ttest ERTHEL
2

a5




I5%EHRERT » REAABRER -
(=) Extdt:
RAERLEEERTUAERY WM CEERATRARZARNTRERT RS
RELRE  ARAHBBELN 0 BALL2AR  HALRELRORELE
(RF) RAREHK 2L (SD) EHPFHREEFHELAEHERKE (RSD) -
(2) k8B E2 LY
LAMBRESEERT - AREXREIRS TEARABEED - REEES
R—HRpaRAREARMBZHH > k£ (capsaicin) R+ FE % £
(gingerols ) sAF K. % (kavain ) & 3 & 48 K 7 &5 (kavalactone )+ % ¥ (catechin)
R EERARFRE K AR FokEs (epigallocatechin gallate) % - ¥ £ B bk B &
REREXBYRBEET  EYURENRBAEIZLEAFT - FRARKER L2
BREAAHE-—RSBTHHRREE2HE  WMABSE4PASARENHE - L AH
MH (KX6EA) stk -
(@) RERER
Bt FRmasm X ehlE S @td MmN REEL RS 2%
RY BANERELHE - A TRANERASZHE  wEARER - ZoRBER -
AR ERTE  RTREREMI I RGRE - BEXRNELEIZHNE > ¥4
RHBERERELZ A RMRLAHBARNDREMR OB - 2R FE
R fd  EMpRELEYHM  ANRAEMEZ ST ROAMMRLRAR
BB RAMEZTHE -
(&) BBEFH ok :
EEARTEVEAAD I AN ERSod ERARER Nk —REARYELE
A RBRRTAHBE (2D34) 2HUEALER  WwARRRER —@AF i
ZRRER BEEZ - AMGEA S AREHREEHE AL O ZEERH%
AERBREREEESZRE -
w -~ E5g K (Accuracy):
ATRBERME - $F AL THLAZRE - A THE MR - n@ARE m a®
n AR FRERRKAMZ LRI bias- Bias A —HAKBRLE  RRAF= RS
E-FHEREBRABRE  BAMARLEY - BREFHUOKELT THALE
HR (SRM ) wBEARIGEL K2R LS 4% T (4o NIST - EPA - Ultra Scientific ~
Cerilliant %) AR ETHFHF AR AEBXREMLHNRERE > KEL LMWK EER
AR QARSI F X7 EATRARSARNDZHS KRN ELZIHE - £
3
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Ao RERARGERLREEE S URRKREE  HEHEZ 50% - 100%E 200%
HREAE BEZI R THELRR ARRAMG RPN — B R =88
K EHERAEAS I BEARR - HELTRE - PHE B —REZBEBE > B0
ANOVA M A FRER A FH eI 2 280 - @ XA THSLER o FAAT

¥ 3 B BREEEY%
100 % 98-101
10 % 95-102
1 % 92-105
0.1 % 90-108
0.01 % 85-110
10 ppm 80-115
1 ppm 75-120
10 ppb 70-125
# Codex #55| HTF % :
RE . THZEEA%
<1 ppb 50-120
1-10 ppb 60-120
10-100 70-110
>100 ppb 80-110
Ao H BN ANOVA 47 Ftest REXA A KBE LR > BHLTF °
48.%] X M 35 B R
50%Fs o & 7 725 103.5714 1.309048
100%3s Ao & 7 708.8 101.2571 0.19619
200%Hs & 7 692.9 98.98571 0.258095
ANOVA 441
BRYHRK SS df MS F P-value F crit
73.6028 _
&% i 6 2 36.80143 62.62223 7.82E-09 3.554561
a%n 10.58 18 0.587778
LS 84.1828
6 20

F>Fcrit k7A@ MABRELR -
4
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~ BARM (Repeatability ) : ]

W RTEMAMN (precision) » AR EHAEN - Bl - R2ZBHEN - RERZ BN
BRBGH AR ZAREN REHRAANA Bias RASKMNRE  AHANERAYAM
WRE - EHRAETREXORAT BARZATHERVAYOEAE A REHM2
BERERET -

R RA—RPZERASH B n RATRRZHSH d AFAEK > 8] ixd RO
10°d2 2 n2Y 2 WwREGFWHALEAY  UERIBUEURL TG - FH—
RZBEBEL SW RRARZBRFBLEL Sh MERE LA St= (SW+SH?) - &
RUZHELMTUARSD=C'" &7 » A THLAEREH 122

7% ~ B £ %% (Ruggedness trial )

BT ERMBEIAELE  TURAREERGF X BRIV ETEY SN LS
ABFZRATHE wRE -pH - ARHZL TS —REH BB FREER S
T A A Youden Ruggedness Trial R # » A EFIHETERAN THRTF > b5 —
R FXHRBEHTEM Tk

B¥ ) &
RikES A=1000 mg a=500 mg
2E B=40C b=20C
B AH C=75mL c=25mL
£33 30 D =30 min d=15 min
EBRF A E=8&4 8Kk e=3k
-8 A F=¢# =50 : 50 Z}F/k
B G=4#% g=e
RHF @ty AFd 8 #ad Tk
%S as p £RT
1 ABCDEFG X1
2 AbcDefg X2
3 AbCdEfg X3
4 AbcdeFG X4
5 aBCdeFg X5
6 aBCdeFg X6
7 aBcdEfG X7
8 abcDEFg X8

S

£8




AR azHBE I=[(x1+x2+x3+x4)/4)-[(x5+x6+x7 +x8)/4]
B &bz #E | K=[(x1+x2+x5+x6)/4]-[(x3 + x4 +x7 +x8)/4]
FIESHELEPEE  MBAABRLEGRONER2Td  BrAYSEILEL
Ae) o BREEEH -
+ - k&g (LOD R LOQ):
AR EBREGKZ FARLIEF FRARTHEINE  EHEHBRLEZ M
Rtk AR A ttest RO > LOD=tp 1 1*s ' n R FEHEHRE > s R TEERLE ' n
AR LOD Ak - 8 EAEHNE (AHAE 7 tCrit £ 2.998) » gbo% LOD 4235 # 3SD -
LOD #% #§ds 3xS/N tuff 4% » LOQ & 10xS/N tofd » 1245 B4k ¥ ik sk R 3t H obik
BZBRGE  ABBATHATHAKEZES0-
15~ ERHRE
BRREFALHKARBBINARBERAL  BERTEENZ THARE - &
LFYRES
—_— ,ﬁa .
(=) soofkhBahooFoonr A F k2 E—KREAK -
(=) kbt s -
—RARB: aEsht -  AERRLAE -
“EFCHAYAHN - FRATH-
CHRCBESEHT C AB C BEHRE AL ER RAKMEERE -
CEMGCOHRE  MRERE - BERAT BRFARKKGREL RSV EME -
“RESCEBR-KMETH - RIKAERERZEEN -
YR RGARE  RELEM  EHHA (RESZMR)-
AHEFRX AR R EHEM -
S EEGtCBE pHHA -
+ -8R AL - HR - RERE - KEAHERAR-
+— %

d 3 B B

&
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Quantifying Uncertainty

Example Al: Preparation of a Calibration Standard

Example Al: Preparation of a Calibration Standard

Summary

Goal

A calibration standard is prepared from a high
purity metal (cadmium) with a concentration of
ca.1000 mg 1.

Measurement procedure

The surface of the high purity metal is cleaned to
remove any metal-oxide contamination.
Afterwards the metal is weighed and then
dissolved in nitric acid in a volumetric flask. The
stages in the procedure are show in the following
flow chart.

Clean metal
surface

Weigh metal

Dissolve and
dilute

RESULT

Figure Al. 1: Preparation of cadmium

standard
Measurand
1000-m - P .
o = mgl']

" 0.9999

Table A1.1: Values and uncertainties

where

¢cca :concentration of the calibration standard
[mg 1]

1000 :conversion factor from [ml] to [1]

m  :mass of the high purity metal [mg]

P :purity of the metal given as mass fraction

V- :volume of the liquid of the calibration
standard [ml]

Identification of the uncertainty sources:

The relevant uncertainty sources are shown in the
cause and effect diagram below:

\'4 Purity
Temperaturg—— " i
Calibration —— ~»
Repeatability - “>“'\ B
N ] SRR “'C(Cd)
Readability: 7 Readability
mftare) 4 } > : A m(gross)
Linearity ~» ; ’ . ~< Linearity
Sensitivity > Repeatabifity  Repeatabifity - .
Calibration . Calibration

Quantification of the uncertainty components

The values and their uncertainties are shown in
the Table below.

Combined Standard Uncertainty

The combined standard uncertainty for the
preparation of a 1002.7mgl' Cd calibration
standard is 0.9 mg 1"

The different contributions are
diagrammatically in Figure A1.2.

shown

IPurity of the metal 0.000058 0.000058
Mass of the metal 100.28 mg 0.05 mg 0.0005
V' {Volume of the flask 100.0 ml 0.07 ml 0.0007
Cca |concentration of  the| 1002.7 mgl’ 0.9 mg 1" 0.0009
calibration standard

QUAM:2000.1
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Figure A1.2: Uncertainty contributions in cadmium standard preparation

0 0.2 0.4 0.6 0.8 1
u(y,x;) (mg ")

The values of u(y,x;)=(dy/0x,).u(x;) are taken from Table A1.3

QUAM:2000.1 Page 35
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Example Al: Preparation of a calibration standard. Detailed discussion

Al.1 Introduction

This first introductory example discusses the
preparation of a calibration standard for atomic
absorption  spectroscopy (AAS) from the
corresponding high purity metal (in this example
=1000 mg 1" Cd in dilute HNO;). Even though
the example does not represent an entire
analytical measurement, the use of calibration
standards is part of nearly every determination,
because modern routine analytical measurements
are relative measurements, which need a
reference standard to provide traceability to the
SL

Al.2 Step 1: Specification

The goal of this first step is to write down a clear
statement of what is being measured. This
specification includes a description of the
preparation of the calibration standard and the
mathematical relationship between the measurand
and the parameters upon which it depends.

Procedure

The specific information on how to prepare a
calibration standard is normally given in a
Standard Operating Procedure (SOP). The
preparation consists of the following stages

Figure A1.3: Preparation of cadmium
standard

Clean metal
surface

Weigh metal

Dissolve and
dilute

RESULT

The separate stages are:

i) The surface of the high purity metal is treated
with an acid mixture to remove any metal-
oxide contamination. The cleaning method is
provided by the manufacturer of the metal and
needs to be carried out to obtain the purity
quoted on the certificate.

it) The volumetric flask (100 ml) is weighed
without and with the purified metal inside.
The balance used has a resolution of 0.01 mg.

1ii) I ml of nitric acid (65% m/m) and 3 ml of ion-
free water are added to the flask to dissolve
the cadmium (approximately 100 mg, weighed
accurately). Afterwards the flask is filled with
ion-free water up to the mark and mixed by
inverting the flask at least thirty times.

Calculation:

The measurand in this example is the
concentration of the calibration standard solution,
which depends upon the weighing of the high
purity metal (Cd), its purity and the volume of the
liquid in which it is dissolved. The concentration
is given by

1000-m- P -
Ceq =—V——— mg 1
where
¢cs  :concentration of the calibration standard

[mg1")
1000 :conversion factor from [ml] to [I]
m  :mass of the high purity metal [mg]
P :purity of the metal given as mass fraction

V. :volume of the liquid of the calibration
standard [ml]

Al3 Step 2: Identifying and
uncertainty sources

analysing

The aim of this second step is to list all the
uncertainty sources for each of the parameters
which affect the value of the measurand.

QUAM:2000.1
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Purity

The purity of the metal (Cd) is quoted in the
supplier's certificate as 99.99 +0.01%. P is
therefore 0.9999 10.0001. These values depend
on the effectiveness of the surface cleaning of the
high purity metal. If the manufacturer's procedure
is strictly followed, no additional uncertainty due
to the contamination of the surface with metal-
oxide needs to be added to the value given in the
certificate. There is no information available that
100% of the metal dissolves. Therefore one has to
check with a repeated preparation experiment that
this contribution can be neglected.

Mass m

The second stage of the preparation involves
weighing the high purity metal. A 100 ml quantity
of a 1000mgl" cadmium solution is to be
prepared.

The relevant mass of cadmium is determined by a
tared weighing, giving m= 0.10028 g

The manufacturer’s literature identifies three
uncertainty sources for the tared weighing: the
repeatability; the readability (digital resolution)
of the balance scale; and the contribution due to
the uncertainty in the calibration function of the
scale. This calibration function has two potential
uncertainty sources, identified as the sensitivity
of the balance and its linearity. The sensitivity
can be neglected because the mass by difference
is done on the same balance over a Very narrow
range.

NOTE: Buoyancy correction is not considered
because all weighing results are quoted on the
conventional basis for weighing in air [H.19].
The remaining uncertainties are too small to
consider. Note 1 in Appendix G refers.

Volume V

The volume of the solution contained in the
volumetric flask is subject to three major sources
of uncertainty:

® The uncertainty in the certified internal
volume of the flask.

® Variation in filling the flask to the mark.

¢ The flask and solution temperatures differing
from the temperature at which the volume of
the flask was calibrated.

The different effects and their influences are
shown as a cause and effect diagram in Figure
Al.4 (see Appendix D for description).

Figure A1.4: Uncertainties in Cd Standard

preparation
Purity
Temperature -
Calibration —- - - »=
Repeatability — - - > Voo
e ————— * S, ‘__ ’C(Cd)
Readability Readsbility
S }_ /
mitare) 4 7‘ 4 T4 T m{gross)
Linearity -~ 3= : i = Linearity
Sensiivity- , Repeatabi'ifv’// Repeatability /;(__
Calil‘)ralion / Cali{uaﬁon
m

Al4 Step 3: Quantifying the uncertainty
components

In step 3 the size of each identified potential
source of uncertainty is either directly measured,
estimated using previous experimental results or
derived from theoretical analysis.

Purity

The purity of the cadmium is given on the
certificate as 0.9999 +0.0001. Because there is no
additional information about the uncertainty
value, a rectangular distribution is assumed. To
obtain the standard uncertainty u(P) the value of

0.0001 has to be divided by +/3 (see Appendix
Ell)

u(P)= 0.0001 _ 0.000058
NE)
Massm

The uncertainty associated with the mass of the
cadmium is estimated, using the data from the
calibration certificate and the manufacturer’s
recommendations on uncertainty estimation, as
0.05 mg. This estimate takes into account the
three contributions identified earlier (Section
Al3).

NOTE: Detailed calculations for uncertainties in mass
can be very intricate, and it is important to
refer to manufacturer’s literature where mass
uncertainties are dominant. In this example,
the calculations are omitted for clarity.

QUAM:2000.1
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Volume V

The volume has three major influences;
calibration, repeatability and temperature effects.

i) Calibration: The manufacturer quotes a
volume for the flask of 100ml +0.1 ml
measured at a temperature of 20 °C. The value
of the uncertainty is given without a
confidence level or distribution information,
S0 an assumption is necessary. Here, the
standard uncertainty is calculated assuming a
triangular distribution.

210l . 04mi

J6
NOTE: A triangular distribution was chosen,
because in an effective production process,
the nominal value is more likely than
extremes. The resulting distribution is better
represented by a triangular distribution than a
rectangular one.

ii) Repeatability: The uncertainty due to
variations in filling can be estimated from a
repeatability experiment on a typical example
of the flask used. A series of'ten fill and weigh
experiments on a typical 100 ml flask gave a
standard deviation of 0.02 ml. This can be
used directly as a standard uncértainty.

iii) Temperature: According to the manufacturer
the flask has been calibrated at a temperature
of 20 °C, whereas the laboratory temperature
varies between the limits of +4 °C. The
uncertainty from this effect can be calculated
from the estimate of the temperature range and
the coefficient of the volume expansion. The
volume expansion of the liquid is considerably
larger than that of the flask, so only the former
needs to be considered. The coefficient of
volume expansion for water is 2.1x107 °C™,

Table A1.2: Values and Uncertainties

0.000058

Purity of the | 0. 0.000058

metal P

Mass of the
metal m
(mg)
Volume of
the flask

V (mi)

100.28 [0.05mg {0.0005

100.0 0.07 ml 0.0007

which leads to a volume variation of
£ (100x4x2.1x107*) =+0.084 ml

The standard uncertainty is calculated using
the assumption of a rectangular distribution
for the temperature variation i.e.

0.084 ml

V3

The three contributions are combined to give the
standard uncertainty u(V) of the volume V

=0.05ml

u(V)=0.04? +0.022 +0.052 =0.07 ml

AlS5 Step 4: Calculating the combined
standard uncertainty T =
Ccq 1S given by
1000-m- P .
cd =—V~— [mgl I]
The intermediate values, their standard
uncertainties and their relative standard

uncertainties are summarised overleaf (Table
Al.2)

Using those values, the concentration of the
calibration standard is

_1000x100.28x0.9999
100.0

For this simple multiplicative expression, the
uncertainties associated with each component are
combined as follows.

ACHI ( u(P))z .\ ( u(m)f +( u(V))z

Ceq P n 14
=+/0.0000587 + 0.00052 + 0.0007>
=0.0009

=1002.7 mg1™

Ccu

U, (Ccq) =gy %0.0009=1002.7mg 1" x0.0009

\\/ - —{
09mgl

It is preferable to derive the combined standard
uncertainty (u(cc,)) using the spreadsheet method
given in Appendix E, since this can be utilised
even for complex expressions. The completed
spreadsheet is shown in Table A1.3.

The contributions of the different parameters are
shown in Figure A1.5. The contribution of the
uncertainty on the volume of the flask is the

QUAM:2000.1
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largest and that from the weighing procedure is
similar. The uncertainty on the purity of the
cadmium has virtually no influence on the overall
uncertainty.

Table A1.3: Spreadsheet calculation of uncertainty

The expanded uncertainty U(c.,) is obtained by
multiplying the combined standard uncertainty
with a coverage factor of 2, giving

V Uleg,)=2x09mgl™ =1.8mg 1™
\.

P m A%
Value 0.9999 100.28 100.00
Uncertainty 0.000058 0.05 0.07
0.9999 0.999958 0.9999 0.9999
100.28 100.28 100.33 100.28
1100.0 100.00 100.00 100.07
1002.69972 1002.75788 1003.19966 1001.99832
0.05816 0.49995 -0.70140
u(y)?, u(y,x;)’ 0.74529 0.00338 0.24995 0.49196
. Ca) 0.9

The values of the parameters are entered in the second row from C2 to E2. Their standard uncertainties are in the row
below (C3-E3). The spreadsheet copies the values from C2-E2 into the second column from B5 to B7. The result
(c(Cd)) using these values is given in B9. The C5 shows the value of P from C2 plus its uncertainty given in C3. The
result of the calculation using the values C5-C7 is given in C9. The columns D and E follow a similar procedure. The
values shown in the row 10 (C10-E10) are the differences of the row (C9-E9) minus the value given in B9. In row 11

(C11-El1) the values of row 10 (C10-E10) are squared and summed to give the value shown in B1l. B13 gives the
combined standard uncertainty, which is the square root of B11,

Figure A1.5: Uncertainty contributions in cadmium standard preparation

T

0 0.2 0.4 06 . 0.8 1
u(y,x;) (mg I")

The values of u(y,x,)=(dy/dx,).u(x;) are taken from Table Al1.3

S\

—— e
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Example A4: Uncertainty Estimation from In-House Validation Studies.
Determination of Organophosphorus Pesticides in Bread.

Summary

Goal

The amount of an organophosphorus pesticide
residue in bread is determined employing an
extraction and a GC procedure.

Measurement procedure

The stages needed to determine the amount of
organophosphorus pesticide residue are shown in
Figure A4.1

Measurand:
POP - I 101-) RZ:f. mVop Fhom Mg kg.l
ref sample

where
P, :Level of pesticide in the sample

[mg kg'']
L, :Peak intensity of the sample extract
Cref :Mass concentration of the reference

standard [pg ml™]
Vop :Final volume of the extract {ml]
Ly :Peak intensity of the reference standard
Rec  :Recovery
Moampe  :Mass of the investigated sub-sample [g]
Fum  :Correction factor for sample

inhomogeneity
Identification of the uncertainty sources:

The relevant uncertainty sources are shown in the
cause and effect diagram in Figure A4.2.

Figure A4.1: Organophosphorus pesticides
analysis

Homogenise '
Extraction I
Clean-up I
‘Bulk up’ I

GC

Determination

Prepare
calibration
standard

GC
Calibration
l RESULT I

Quantification of the uncertainty components:

Based on in-house validation data, the three major
contributions are listed in Table A4.1 and shown
diagrammatically in Figure A4.3 (values are from
Table A4.5).

Table Ad.1: Uncertainties in pesticide analysis

s JENNY i R
Repeatability(1) 1.0 0.27 0.27 Based on duplicate tests of
different types of samples
Bias (Rec) (2) 0.9 0.043 0.048 Spiked samples
Other sources (3) 1.0 0.2 0.2 Estimation based on model
. assumptions

[(Homogeneity)

Pop -- -- 0.34 Relative standard uncertainty
QUAM:2000.1 Page 59
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Figure A4.2: Uncertainty sources in pesticide analysis

Repeatability I(op) Calibration c(ref) V(op)
i(op V—Linearity kPuﬁty (ref)
I(ref myref) > 2
m(re Temperature Calibration Temperatur
V(re \ \
dilutio V(ref) Calibratio

Calibratio Calibration

m(sample’ dilution \

P

> P(op)
m(gross
Linearity mytare)
-Linearity
Calibratiol
Calibration
Calibration
F(hom) Recovery I(ref) m(sample)
Figure A4.3: Uncertainties in pesticide analysis
Homogeneity
Bias
Repeatability
P(op)
0 0.1 0.2 0.3 0.4
u(y.x;) (mg kg™
The values of u(y,x;)=(dy/dx,).u(x;) are taken from Table A4.5
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MINISTERIO DE AGRICULTURA Y GANADERIA

Subsecretaria de Estado de Ganaderia
Laboratorio Control de Residuos

San Lorenzo - Paraguay
Tel: 510 509

INFORMACIONES GENERALES
Frigorifico: RE@, AR oo N e,
Establecimiento Ganadero: & 289 Ba@F R .......oocoooovooeooooereeeeremmeremeererereeereseeenene
Propietario: éﬂu% ...........................................................
DISHIO: T TRy roooorrs oo

DATOS RELACIONADOS AL STREO
EspecieZisi, ° tropa/Lote %@, ...... N°animal ................... szr@r

Fecha de Faen Hora de Colectaﬁbii.u’—f;??} ................. Sexo ..x... 4% B\
N° guia de traslado .....................................................................

TEJIDOZA$%

HIGAbb

%_ MUSCULg

RINO ORINA OTROS

N° DE MUESTRA

ANALISIS REQUERIDOS

DES

Hexoestrol

Dienoestrol

KX

Tireostaticos

X

19-Nortestosterona

Trembolona

Zeranol

B. Agonistas

Nitrofuranos

» Tranquilizantes

Xl KK |x A

Antibioticos

Sugd Tes

Sulfonamidas

Ivermectina

Levamisol

Benzimidazoles

~ Anticoccidiales

< Piretroides

Clorados + PCBs

+ P. Fosforados

- |> Met. Pesados

X I KVKKXX% X)X

Micotoxinas

Quinolonas

Cloranfenicol

-------------------------------------

Inspeccion Veterinaria
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» Evaluation on residues control laboratory and
recommendations

» Analytical techniques to determine pesticides in food
> Calibrating methodology of analytical equipments
» Validation methodology of essays

> Experts’s presentation about activities and installation
in Taiwan’s laboratories
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# 8574 % (Topics) (£k)

» Measuring techniques of uncertainty

> Presentation of documents related to quality systems
in laboratories
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(matrix solid phase dispersion, MSPD)

%4 ¢ B B £42 ECNS14835 » B4 th AMSPD
EATAR AT R B2 M B o k120 L9 iy
BIRS  ARANFHEBRERE > BURASFE
TIRBAERETIRER > TERIEETHAR
BEEERBEXI AR I EBE B HE
ERVYEARBRER - BFHRE -

pesticide residues

MSPD analytical . .
produre for Homogenized samples 0.5g in
organochlorine glass or stainless motar

Blend with 0.5g bondesil-envirelut bulk
sorbent

in livestock products

Add acetone: n-hexane (1:9, viv) 2mL

Bondesil-envirelut/ sample matrix put

into Florisil cartridge (2 g, 20 mL)
Covered with frits
Wash with acetone: n-hexane (1:9, v:v) 18mL
Eluate

l Evapor to dryness

Residue
ﬂ Dissolve in n-hexane 2mL

GC/ECD or GC/MS/MS
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