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1. Purpose of AOAC collaborative stud1. Purpose of AOAC collaborative stud

As everyone knows, the integration of global econ
world food safety and pesticide residue limit thresho
which calls for high throughput residue analytical tech

①① ThereThere areare moremore andand moremore andand stricterstricter andand stricstric
agriculturalagricultural productsproducts inin countriescountries allall overover thethe worldworld

Comparison of limit standards for pesticides residues in Comparison of limit standards for pesticides residues in 
different countries ( Data from 2010)different countries ( Data from 2010)

60717
63888

40000

50000

60000

70000

different countries ( Data from 2010)different countries ( Data from 2010)

Source of literature: 
http://www.tbtsps.com/
foodsafe/xlbz/Pages/pe
sticide.aspx

10916
6194

478
0

10000

20000

30000

0000

USA EU JAPAN CANADA CHINAUSA EU JAPAN CANADA CHINA

②② TheThe thresholdthreshold ofof limitlimit forfor pesticidepesticide residuesresidues inin teatea
countriescountries andand internationalinternational organizationsorganizations thatthat havehave
inin teatea..
EU,EU, Germany,Germany, Holland,Holland, Switzerland,Switzerland, Hungry,Hungry, IsraeIsrae
Australia,Australia, India,India, KenyaKenya andand SouthSouth AfricaAfrica (till(till 20062006))..

dydy

nomy is stepping up, and the strategic positions of the
old for international trade are getting higher and higher,
hniques.

ctercter limitlimit standardsstandards forfor pesticidepesticide residuesresidues inin edibleedible
dd..

Comparison of pesticide quantities with MRL for different countriesComparison of pesticide quantities with MRL for different countries
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Source of literature: Source of literature: 
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GB 2763GB 2763--20052005
Doctoral Dissertation of Anhui Agricultural University Wu Doctoral Dissertation of Anhui Agricultural University Wu 
Xueyuan MRL of Pesticides in Tea and Risk EvaluationXueyuan MRL of Pesticides in Tea and Risk Evaluation
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isis highhigh forfor internationalinternational tradetrade.. AtAt present,present, therethere areare 1717
ee stipulatedstipulated MRLMRL levelslevels forfor overover 800800 pesticidepesticide residuesresidues
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2. Application scope of the method2. Application scope of the method
TheThe methodmethod isis applicableapplicable toto thethe determinationdetermination ofof multimulti

chemicalchemical pollutantspollutants inin GreenGreen tea,tea, RedRed tea,tea, PuerPuer teatea andand WooWoo
detectiondetection (LOD)(LOD) forfor 490490 pesticidespesticides determineddetermined byby GCGC--MM
determineddetermined byby LCLC MS/MSMS/MS werewere betweenbetween 00 0303 48204820 μg/kgμg/kgdetermineddetermined byby LCLC--MS/MSMS/MS werewere betweenbetween 00..0303--48204820 μg/kgμg/kg..
method,method, accountingaccounting forfor 9898%% ofof thethe pesticidespesticides testedtested andand thethe
thethe pesticidespesticides analyzedanalyzed;; therethere areare 264264 pesticidespesticides withwith LODLOD
pesticidespesticides tested,tested, 325325 pesticidespesticides forfor LCLC--MS/MSMS/MS method,method, mm
pesticidespesticides thatthat cancan bebe analyzedanalyzed byby bothboth GCGC MSMS andand LCLC MSMSpesticidespesticides thatthat cancan bebe analyzedanalyzed byby bothboth GCGC--MSMS andand LCLC--MSMS
MSMS method,method, accountingaccounting forfor 9898%% ofof thethe pesticidespesticides tested,tested, 247247
therethere are,are, however,however, 133133 pesticidespesticides withwith LOD≤LOD≤1010µg/kgµg/kg forfor GCGC
200200 pesticidespesticides forfor LCLC--MS/MSMS/MS method,method, makingmaking upup 7474%% ofof thethe

Distribution of pesticide varieties deteDistribution of pesticide varieties dete

LC-MS-MS 448 G

LC-MS-MS &GC-
270

LC-MS-MS
178

ii--classesclasses andand multimulti--kindskinds ofof 668668 residueresidue pesticidespesticides andand
olongolong teatea byby GCGC--MS,MS, GCGC--MS/MSMS/MS && LCLC--MS/MSMS/MS.. TheThe limitslimits ofof

MSMS werewere betweenbetween 11..00--500500 μg/kg,μg/kg, andand forfor 448448 pesticidespesticides
ThereThere areare 482482 pesticidespesticides withwith LOD≤LOD≤100100µg/kgµg/kg forfor GCGC MSMSThereThere areare 482482 pesticidespesticides withwith LOD≤LOD≤100100µg/kgµg/kg forfor GCGC--MSMS

ereere areare 417417 pesticidespesticides forfor LCLC--MS/MS,MS/MS, accountingaccounting forfor 9393%% ofof
D≤D≤1010µg/kgµg/kg forfor GCGC--MSMS method,method, accountingaccounting forfor 5454%% ofof thethe
makingmaking upup 7373%% ofof thethe pesticidespesticides analyzedanalyzed.. ThereThere areare 270270
S/MSS/MS ThereThere areare 264264 pesticidespesticides withwith LOD≤LOD≤100100µg/kgµg/kg forfor GCGCS/MSS/MS.. ThereThere areare 264264 pesticidespesticides withwith LOD≤LOD≤100100µg/kgµg/kg forfor GCGC--
77 forfor LCLC--MS/MS,MS/MS, makingmaking upup 9191%% ofof thethe pesticidespesticides analyzedanalyzed;;
CC--MSMS method,method, accountingaccounting forfor 4949%% ofof thethe pesticidespesticides tested,tested,
pesticidespesticides analyzedanalyzed..

rmined by GCrmined by GC--MS & LCMS & LC--MS/MSMS/MS

C-MS 490

-MS GC-MS
220
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3. Analytical procedures3. Analytical procedures
②Centrifugalize

③Concentration

④Clean-up
①Homogenize at 13500r/min for 1min;
②Centrifuge at 4200r/min for 5min;
③Concentrate to ca 1mL at 40 ;
④El b i f l

The key control points

④Elute by gravity for clean-up;
⑤Concentrate to ca 0.5mL at 40 ;
⑥Evaporate to dryness with nitrogen gas at 35
⑦Filter through 0.2μm membrane

⑤Concentration Concentration
⑥Eva

GC-MS-SIM①Homogenize

GC-MS-MS
⑦Sampler vial

⑧Determine

5

LC-MS-MS
aporate with nitrogen
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3. GC3. GC--MS(GCMS(GC--MS/MS)&LCMS/MS)&LC--MS/MS AnalMS/MS Anal

5g tea sample

Add 15 mL acetonitrile 

Homogenize at 13500r/min for 1min, and centrifuge at 4200r/m
supernatants are taken, while the dregs are re-extracted and the
then concentrated to about 1 mL

Cleanert TPT Cartridge(2g,12mL) or Envi-Carb/PSA(0.5g/0.5g,6mL)
mL acetonitrile+toluene(3+1), concentrated to about 0.5 mL

then concentrated to about 1 mL

Add IS Heptachlor epoxide for GC/MS-SIM, GC/MS/MS or Chlorpy
Evaporate to dryness with nitrogen at 35

Make up to 1.5 mL with hexane M
aa

GC/MS
Determination
(490 Varieties)

GB/T 23204 2008GB/T 23204-2008

lysis programlysis program
Study DirectorStudy Director
would like to
remind all the
participants, as a
binding rule for
voluntary
participation: this
inter-collaborative
study is a unified
and standardized

min for 5 min before the
extracts are combined and

for clean up. Elute with 25

and standardized
action for all the
collaborators from
different countries
all over the world,

d h tyrifos-methyl for LC-MS/MS.

Make up to 1.5 mL with 
acetonitrile+water(3+2)

and each step
involved in the
experiment
including reagents
and testingacetonitrile+water(3+2)

LC-MS/MS
Determination
(448 Varieties)

GB/T 23205 2008

g
materials shall not
be altered or
replaced without
the prior consent
of Study Director

5

GB/T 23205-2008 of Study Director.



4. “Shrunken” AOAC collaborative stu4. “Shrunken” AOAC collaborative stu

ItIt ww
personperson

4.1 4.1 20 pesticides for GC20 pesticides for GC--MS(GCMS(GC--MS/MS) and LCMS/MS) and LC--MS/MS MS/MS 

No
GC-MS LC-MS/MS

Pesticides MRL/ (μg/kg) Pesticides MRL/ (μg/kg) pp
onon hunhun
anan altealte
andand twotwo
respectrespect

1 2,4'-DDE 200 acetochlor 10

2 benalaxyl 100 benalaxyl 100

3 bromophos-ethyl 100 bensulide 30

4 bromopropylate 100 butralin 20

5 chlorfenapyr 50000 chlorpyrifos 100 pp
bebe invoinvo

20 pes
(GC

6 diflufenican 50 clomazone 20

7 dimethenamid 20 diazinon 20

8 fenchlorphos 100 ethoprophos 20

9 picoxystrobin 100 fenazaquin 10

10 pirimicarb 50 fl tolanil 5010 pirimicarb 50 flutolanil 50

11 pirimiphos-methyl 50 imidacloprid 50

12 bifenthrin 5000 indoxacarb 50

13 propyzamide 50 kresoxim-methyl 100

14 pyrimethanil 100 phenothrin 50

classified p
compo

Carbamate

Organophospho

15 Quinoxyfen 50 picoxystrobin 100

16 tebufenpyrad 100 pirimiphos methyl 50

17 tefluthrin 50 propoxur 100

18 tolclofos-methyl 100 tebufenpyrad 100

19 trifluralin 100 triadimefon 200

Organohaloge

Pyrethroid

Organonitroge

* Indicates the pesticides to be determined by both GC-MS (GC-MS/MS) and LC-MS/MS

20 vinclozolin 100 trifloxystrobin 50
Other

dy protocoldy protocol

willwill bebe extremelyextremely difficultdifficult inin termsterms ofof resources,resources, timetime andand
nelnel forfor eacheach participantparticipant toto organizeorganize aa collaborativecollaborative studystudy

determinationsdeterminations

p pp p gg yy
dredsdreds ofof pesticides,pesticides, soso AOACAOAC InternationalInternational hashas proposedproposed
rnativernative “shrunken”“shrunken” protocol,protocol, whichwhich isis toto selectselect twotwo teasteas
oo methodsmethods ofof GCGC--MSMS（（GCGC--MS/MSMS/MS）） andand LCLC--MS/MSMS/MS forfor aa
tivetive determinationdetermination ofof 2020 pesticidespesticides totalingtotaling 4040 pesticidespesticides totopp gg pp

olvedolved inin thethe collaborativecollaborative studystudy..
sticide classes for GC-MS
C-MS/MS) detemination 

20 pesticide classes for 
LC-MS/MS detemination 

per chemical 
ositions classified per functions

1 Acaricide 2

orus 4 Herbicide 4

classified per functions classified per chemical 
compositions 

Carbamate 2 Plant growth 
regulator 1

en 2 Insecticide 8

2 fungicide 6

en 9

Organophosphorus 5 Acaricide 2

Organonitrogen 12 Herbicide 3

Other 1 Insecticide 8

f

6

2 fungicide 6



4. “Shrunken” AOAC collaborative stud4. “Shrunken” AOAC collaborative stud

Each sample is only sufficient for one test, in other words,
each sample, so he/she will have to make every effort to e

4.2 Each participating laboratory makes a determin

each sample, so he/she will have to make every effort to e
Director will emphasize again that this collaborative study m
of these 16 collaborative study samples are as follows:

*The serial number here represents the design concept of the The serial number here represents the design concept of the 
each sample shipped will be determined later.

dy protocoldy protocol

each participant will have only one testing opportunity for
ensure an utmost success with one shot. Therefore, Study

nation of a total of 16 collaborative study samples.

ensure an utmost success with one shot. Therefore, Study
must be dealt with full focus and attention. The compositions

 TheThe concentrationconcentration rangerange ofof 2020 targettarget pesticidespesticides isis
1010ug/kgug/kg--22..00mg/kgmg/kg equivalentequivalent toto 11MRLMRL--55MRLMRL..
F tifi dF tifi d ll dd ti idti id dd ll FortifiedFortified samplessamples andand pesticidepesticide agedaged samplessamples areare
designeddesigned inin YoudenYouden Pair,Pair, withwith twotwo samplessamples forfor oneone pairpair
andand thethe differencedifference ofof thethe concentrationconcentration ofof thethe targettarget
pesticidepesticide isis aboutabout 55%%..

 collaborative study protocol only, the actual serial number of 
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 collaborative study protocol only, the actual serial number of 



5. The flow chart of the AOAC collabor5. The flow chart of the AOAC collaborative study ative study yy

Excel Worksheet
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StepStep--I  Testing materials shipped by StI  Testing materials shipped by StStepStep I  Testing materials shipped by StI  Testing materials shipped by St

(1)For Pre(1)For Pre--collaborative studycollaborative study
 20 pesticide mixed standard stock solutions: 2 ampoules

(1.0mL X 2, 1 spare aged).
 Internal standard stock solutions: 2 ampoules (1.0 mL X 2,

1 spare aged).
 Green tea and woolong tea blank samples: 1 bottle each Green tea and woolong tea blank samples: 1 bottle each

(200g x 2).
 Examination sample materials:
① 3 ampoules of fortified solutions (0.5mL x 3) for preparation

of examination samples.
② 3 bags of green tea blank samples (5.0g x 3) for preparation

of examination samples.
③ 3 bags of woolong tea aged samples (5.0g x3).

(3)For Qua(3)For Qua
Quality control standard stock solutions:

for checking the instrumental sensitivity andg y

tudy Directortudy Directortudy Directortudy Director

(2)For Collaborative study(2)For Collaborative study
 2 ampoules (1.0mL x 2, 1 spare aged) of 20 pesticide mixed

standard stock solutions for establishing at least 5 point matrix-
matched internal standard calibration curve.

 2 ampoule (1.0mL x 2, 1 spare aged) of internal standard stock
solutionssolutions.

 10 ampoules (0.5mL x 10) of fortified solutions for preparation of
fortified samples.

 10 bags of tea blank samples(5.0 g x 10): No. 01-No.05 is green tea;
No.06-No.10 is woolong tea for preparation of fortified samples.

 6 bags of aged tea samples (5.0 g x 6): No.11-No.13 is green tea;g g p ( g ) g
No.14-N0.16 is woolong tea.

 1 bottle of green tea and woolong tea blank samples each (200g x
2) for preparation of matrix-matched internal standard calibration
mixed solutions.

ality Controlality Control
2 ampoules (1.0mL X 2, 1 spare aged), used

d stability.

9
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StepStep--II  PreII  Pre--collaborative studycollaborative study

Step-II ① The significance

pp yy

Because of the complexity of tea mat
research and the nature of technology in
means easy to be undertaken and the obmeans easy to be undertaken, and the ob
well explained in the remarks of AOAC S
Krystyna McIve “pre-collaborative study
laboratories are qualified to run the metholaboratories are qualified to run the metho

Study Director reminds everyone here once again: Foy y g
participant will have only one testing opportunity, whi
shot. However, the practice samples that Study Dire
rehearsal in order to meet the objective of dexterous m
exercise with full attention on the practice occasions thexercise with full attention on the practice occasions th

rices, the magnitude of content of the
volved, this collaborative study is by no

bjective of this Pre collaborative study isbjective of this Pre-collaborative study is
Sr. Director, Stakeholder Communications
y by the collaborators to ensure the
d”d”.

or each of these 16 collaborative study samples, eachy p ,
ch means success or failure is determined by just one
ector provides shall be sufficient for full practice or

mastery of the key control points. We hope that you will
hat this pre-collaborative offers.

10
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StepStep--II  PreII  Pre--collaborative studycollaborative study
Step-II② Practice stage
①This collaborative study adopts internal standard-
 Prepare 5 portions of Green Tea and Woolong Tea b Prepare 5 portions of Green Tea and Woolong Tea b

respectively 20,50,100,200 and 300 uL pesticides mixed
internal standard working solution for GC-MS or GC-M
solution for LC-MS-MS) before mixing uniformly.

 Use nitrogen blow to dryness, dissolve residua by 1.5
water (3:2) (LC MS/MS) mix thoroughly and prepawater (3:2) (LC-MS/MS), mix thoroughly, and prepa
calibration mixed solutions. Establish 5 point matrix-ma

②practice spiked recovery test
 Each lab use blank tea samples and 20 pesticides

recovery test at 1MRL and 5MRL levels on one’s own. I
study, he may undertake examination samples.

 At least 5 point matrix matched internal standard calibra
 Recoveries fall within 70-120% with RSD<15% (n=5)

Study Director repeatedly reminds every participant: the accep
be reproducible on a consistent basis instead quality control crit
the criteria one or two times, it only demonstrates that he or she
and it is recommended that more practice be undertaken. These
the exam when testing the exam samples and more to do with w
samples are legitimate. Therefore, it is of utmost importance that

-matrix-matched calibration curve quantification
blank sample solutions each for calibration points, addblank sample solutions each for calibration points, add

d standard working solutions and 40uL heptachlor epoxide
MS-MS (40μL chlorpyrifos methyl internal standardworking

mL hexane (GC-MS or GC-MS-MS) or 1.5 mL acetonitrile:
are to be 5 portions matrix matched internal standardare to be 5 portions matrix-matched internal standard
atched internal standard calibration curve.

mixed standard working solutions and practice spiked
f one reaches the acceptance criteria for pre-collaborative

ation curve R2≥0.995 for GC-MS (GC-MS/MS) or LC-MS/MS

ptance criteria shall be met through practice. Repeated tests shall
teria are met at one/two time(s) or occasionally. If one could meet
hasn’t mastered the core and key control points of this technique

e cautions have a lot to do with whether he or she is able to pass

11

whether analytical results from testing the 16 collaborative study
the acceptance criteria be met through practice.



StepStep--II  PreII  Pre--collaborative studycollaborative study
StepStep--IIII③③ examination stage examination stage 
 Preparation and determination of fortified samples for Green Tea: add thr

pp yy

Director into three 80mL centrifugal tubes with the same serial numbers, a
No.3 upright stand in front of the centrifugal tubes with the same serial n
bottom before opening the bottle and add all the fortified solutions into the t
times separately and add the washings into the centrifugal tube. Wait for 2
sample preparation per 6.1 Extraction and 6.2 Cleanup in the AOAC colla
solutions and establish internal standard-matrix-matched calibration curve

 Woolong Tea aged samples No 4 No 6 are prepared per the method as men Woolong Tea aged samples No.4-No.6 are prepared per the method as men
solutions and establish internal standard-matrix-matched calibration curve f

 Verifying the test results against the following three methods:1) whether
correct; 3) mass spectrum resolution is checked if ion abundance complies

The instrument analytical parameters of
AOAC collaborative study

Determination result
examination samples
GC MS/MS

Study Director will provide ample feedback of the study res

y GC-MS/MS

y p p y
1-3, mass spectrum chromatographs and raw data, Study
examination results within 48 hours for collaborators to deci

Serial Nos. No.01 No.02 No.03

Centrifugal tubes No 01 No 02 No 03

The Corresponding Serial Numbers of Centrifugal Tubes, Blank Samples 
and Fortified Solution Ampoule Bottles

ree bags of Green Tea blank samples No.1, No.2 and No.3 shipped by Study

Centrifugal tubes No.01 No.02 No.03

Blanks samples No.01 No.02 No.03

Fortified solutions No.01 No.02 No.03

and place three ampoule bottles contained fortified solutions No.1, No.2 and
umbers. Wait till solutions at the top of the ampoule bottle flow down to the
three centrifugal tubes with the same numbers. Rinse the ampoule bottle three

20min until the solutions are fully absorbed by the sample before undertaking
borative study. In the meanwhile, prepare 5 portions Green Tea matrix blank
used for quantification of Green Tea fortified samples.

ntioned above In the meanwhile prepare 5 portions Woolong Tea matrix blankntioned above. In the meanwhile, prepare 5 portions Woolong Tea matrix blank
for quantification of Woolong Tea incurred samples.
the retention time is within the time window; 2) whether integration line is
with requirements of EU standard or AOAC standard.

ts of practice
by GC-MS-SIM or Determination results of practice

examination samples by LC-MS/MS

ults to each collaborator. Upon reception of Excel worksheet

12

p p
Director will promptly reply to each collaborator regarding

ide whether to continue with the collaborative samples.



StepStep--II  PreII  Pre--collaborative studycollaborative study
StepStep--IIII④④ Acceptance criteria for preAcceptance criteria for pre--colcol
① At least 5 point matrix-matching intern

pp yy

① At least 5 point matrix matching intern
standard calibration curve R2≥0.995 for GC
MS (GC-MS/MS) or LC-MS/MS.

② Recoveries fall within 70-120% wi② Recoveries fall within 70 120% wi
RSD<15% (n=5).

③ Ion abundance of the targeted pesticide
should be in accordance with recommendeshould be in accordance with recommende
maximum permitted tolerances of the AOA
regulation or EU regulation[2].

Study Director specially reminds each participant h
depends on whether one is able to meet all the abo
combination(s) for recoveries, RSD ion abundance o
in principle, be rendered incapable of continuing toin principle, be rendered incapable of continuing to

laborative studylaborative study
nal Recommended maximum permitted tolerances for Recommended maximum permitted tolerances for nal
C-

th Relative intensityRelative intensity GCGC--MSMS--SIMSIM GCGC--MSMS--MS,MS,
LCLC MS/MSMS/MS

Recommended maximum permitted tolerances for Recommended maximum permitted tolerances for 
relative ion intensities using a range of spectrometric relative ion intensities using a range of spectrometric 

techniquestechniques

th

es
ed

Relative intensityRelative intensity
((％％ of base peak)of base peak)

GCGC MSMS SIMSIM
(relative)(relative) LCLC--MS/MSMS/MS

(relative)(relative)
＞＞5050％％ ±±1010％％ ±±20%20%

＞＞2020％％--5050％％ ±±15%15% ±±25%25%ed
AC

2020％％ 5050％％ ±±15%15% ±±25%25%
＞＞1010％％--2020％％ ±±20%20% ±±30%30%

≤10≤10％％ ±±50%50% ±±50%50%

ere: the success of this collaborative study primarily
ove-mentioned acceptance criteria. If any of index or
or R2 exceeds 30%, the participating laboratory shall,
undertake the official collaborative study samples.

13
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StepStep--III Collaborative studyIII Collaborative study
StepStep--IIIIII①① Drawing at least 5 point matrixat least 5 point matrix--matchmatch

StepStep III Collaborative studyIII Collaborative study

 ThisThis collaborativecollaborative studystudy adoptsadopts matrixmatrix--matchedmatched inin
GCGC--MSMS--SIMSIM andand GCGC--MS/MSMS/MS usesuses HeptachlorHeptachlor
chlorpyrifoschlorpyrifos--methylmethyl asas internalinternal standardstandard..

 P tiP ti dd ff 55 i ti t t it i t h dt h d PreparationPreparation proceduresprocedures ofof 55 pointpoint matrixmatrix--matchedmatched
PreparePrepare 55 portionsportions ofof GreenGreen TeaTea andand WoolongWoolong
2020,,5050,,100100,,200200 andand 300300 uLuL pesticidespesticides mixedmixed standstand
workingworking solutionssolutions beforebefore mixingmixing uniformlyuniformly..
UseUse nitrogennitrogen toto blowblow toto drynessdryness dissolvedissolve thethe resresUseUse nitrogennitrogen toto blowblow toto dryness,dryness, dissolvedissolve thethe resres
acetonitrileacetonitrile:: waterwater ((33::22)) (LC(LC--MS/MS),MS/MS), mixmix thoroughthorough
standardstandard calibrationcalibration mixedmixed solutionssolutions.. AfterAfter deterdeter
standardstandard calibrationcalibration curvecurve..

From a practical view, the matrix used in calibration wo
samples, i.e. Green Tea samples shall be quantified with Gr
curve while Woolong Tea samples shall be quantified with W
which cannot be confused with. Matrix matched standard ca
useuse.

hed internal standard  calibration curvehed internal standard  calibration curve

ternalternal standardstandard calibrationcalibration curvecurve forfor quantificationquantification..
epoxideepoxide asas internalinternal standardstandard.. LCLC--MS/MSMS/MS usesuses

dd i t li t l t d dt d d lib tilib ti f llf lldd internalinternal standardstandard calibrationcalibration curvecurve areare asas followsfollows::
TeaTea blankblank samplesample solutionssolutions each,each, addadd respectivelyrespectively
darddard workingworking solutionssolutions andand 4040uLuL internalinternal standardstandard

siduesidue byby 11 mLmL hexanehexane (GC(GC MSMS oror GCGC MSMS MS)MS) oror 11mLmLsiduesidue byby 11 mLmL hexanehexane (GC(GC--MSMS oror GCGC--MSMS--MS)MS) oror 11mLmL
ly,ly, andand prepareprepare toto bebe 55 pointpoint matrixmatrix--matchedmatched internalinternal

rmination,rmination, establishestablish 55 pointpoint matrixmatrix--matchedmatched internalinternal

orking curve shall have to be the same as that of the target
reen Tea matrix-mached internal standard calibration working

Woolong Tea matrix-mached standard calibratin working curve,
alibration working solutions should be prepared for immediate

14



StepStep--III Collaborative studyIII Collaborative study
Step-III② Preparing collaborative fortified samples (ta

Add 5 portions of Green Tea blank samples supplied by Study
numbers respectively. Place sequentially ampoule bottles contain

StepStep III Collaborative studyIII Collaborative study

numbers respectively. Place sequentially ampoule bottles contain
front of the corresponding centrifugal tubes. Wait till solutions a
opening the bottle and add all the fortified solutions into the centrifu
times with 0.5 mL toluene and add the washings into the centrifugal
sample to form collaborative fortified samples before undertaking sa
AOAC ll b ti t dAOAC collaborative study.

Serial Nos. No.01 No.02
Centrifugal tubes No.01 No.02

Blanks samples No 01 No 02

Study Director specially reminds each participant: 1) a portion of fortifi
f l l i Th t ti f f tifi d l ti i h

Blanks samples No.01 No.02

Fortified solutions No.01 No.02

for only one analysis. The concentrations of fortified solutions in each a
take special precautions to transfer them thoroughly. 2) To avoid cr
concentrations or contaminations of blank samples), samples prepara
serial numbers, and the utensils for sample preparations used shall be
contamination of next sample preparation.

Step-III③ Aged samples are prepared per section 6-1 extractio

aking 5 Green Tea fortified samples for instance)
Director Nos1-5 to a 80mL centrifugal tube with the same serial
ing the fortified solution with the same serial numbers upright ining the fortified solution with the same serial numbers upright in

at the top of the ampoule bottle flow down to the bottom before
ugal tubes with the same numbers. rinse each ampoule bottle three
l tubes. Wait for 20min until the solutions are fully absorbed by the
ample preparation per section 6.1 Extraction and 6.2 Cleanup in the

No.03 No.04 No.05

No.03 No.04 No.05

No 03 No 04 No 05

ied solutions corresponding to a portion of blank samples is sufficient
l b ttl k t h ti i t i i hi h t

No.03 No.04 No.05

No.03 No.04 No.05

ampoule bottle are unknown to each participant, requiring him or her to
ross-interference of samples (especially high concentrations vs. low
ations and determinations shall be conducted in accordance with the
thoroughly rinsed or cleansed one time after one use so as to prevent
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n and 6.2 cleanup in the collaborative study method.



StepStep--III Collaborative studyIII Collaborative studyStepStep III Collaborative studyIII Collaborative study

Step-III④ GC-MS（GC-MS/MS）or LC-MS/

①Before making determinations of collaborative
solutions to check if the instrumental sensitivit

②After completion of testing a consignment op g g
working solutions to check if the instrumental
and after.

③Abide strictly by qualitative and quantitative
t ti ti d i b d f hretention time and ion abundance of each pe

within the integration window and identified co
④Check to see if the integration line of each

pesticides with integration line problems adopesticides with integration line problems ado
one peak valley to another peak valley.

⑤Collaborators shall submit to Study Director
worksheets.

MS analytical requirements

e samples, use quality control standard working
ty and stability have met the requirements.
of samples, re-run the quality control standardp q y
l sensitivity and stability are in agreement before

e requirements of the method and check the
k t th t h t t ti id k ieak to ensure that each target pesticide peak is

orrectly.
h pesticide peak is selected correctly, and for
opt uniformly the manual integration mode fromopt uniformly the manual integration mode from

the official collaborative study results by Excel
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StepStep--IV Collaborators shall submit to SIV Collaborators shall submit to S
study results by Excel worksheets. study results by Excel worksheets. 
① The instrumental analytical parameters (qua

worksheet 1 of Annex B of the collaborativeworksheet 1 of Annex B of the collaborative
② Determination results of Collaborative stud

worksheet 4 of Annex B of the collaborative
③ Determination results of Collaborative study

of Annex B of the collaborative study methodof Annex B of the collaborative study method

The instrument analytical parameters
of AOAC collaborative study

Determination resu
study samples by GC

Study Director the official collaborative Study Director the official collaborative 

alitative and quantitative ions aged), see Excel
study method.study method.

dy samples by GC-MS or GC-MS/MS, see Excel
study method.
y samples by LC-MS/MS, see Excel worksheet 5
dd.

ults of Collaborative
C-MS or GC-MS/MS

Determination results of Collaborative
study samples by LC-MS-MS
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6. Judging criteria for statistical analys6. Judging criteria for statistical analys6. Judging criteria for statistical analys6. Judging criteria for statistical analys
StudyStudy DirectorDirector entersenters thethe analyticalanalytical resultsresults forfor

collaboratorscollaborators intointo thethe followingfollowing Table,Table, perper thethe
statisticalstatistical manualmanual ofof thethe AOACAOAC toto statisticalstatistical analysisanalysisstatisticalstatistical manualmanual ofof thethe AOACAOAC toto statisticalstatistical analysisanalysis
ofof thethe testtest results[results[44]]..

sis of collaborative test results sis of collaborative test results sis of collaborative test results sis of collaborative test results 

 Matrix-matched internal standard calibration curve R2

＞0.995.
 Id tifi ti f t t ti id i thi ll b ti Identification of target pesticides in this collaborative

tea samples adopts EU Standard [2]
 Recoveries, RSDr and RSDR are judged per the “AOAC

Guidelines for single laboratory validation of chemical
methods for dietary supplements and botanicals”[3]

Relative intensityRelative intensity
((％％ of base peak)of base peak)

GCGC--MSMS--SIMSIM
(relative)(relative)

GCGC--MSMS--MS,LCMS,LC--MS/MSMS/MS
(relative)(relative)

Recommended maximum permitted tolerances for relative ion intensities using a Recommended maximum permitted tolerances for relative ion intensities using a 
range of spectrometric techniquesrange of spectrometric techniques

methods for dietary supplements and botanicals [3].

＞＞5050％％ ±±1010％％ ±±20%20%
＞＞2020％％--5050％％ ±±15%15% ±±25%25%
＞＞1010％％--2020％％ ±±20%20% ±±30%30%

≤10≤10％％ ±±50%50% ±±50%50%

ConcentrationConcentration Recovery limitsRecovery limits Repeatability Repeatability 
(RSD(RSDrr))

Reproducibility Reproducibility 
(RSD(RSDRR))

10 μg/g(ppm)10 μg/g(ppm) 8080--115115％％ 6%6% 11%11%

1μg/g1μg/g 7575--120120％％ 8%8% 16%16%
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10 μg/kg(ppb)10 μg/kg(ppb) 7070--125125％％ 15%15% 32%32%



7  E i t  lifi ti7  E i t  lifi ti7. Equipment  qualification7. Equipment  qualification

① Instrumental sensitivity is calculated per intey p
GC-MS-SIM ＞1000
GC-MS/MS ＞2000
LC-MS/MS＞500

② Instrumental stability (calculated per interna
Retention time deviation<3% (2 successive
Peak area deviation<6% (2 successive injec

③ GC MS GC MS/MS d LC MS/MS ll

St d Di t ti M k t h k if th

③ GC-MS,GC-MS/MS and LC-MS/MS are all equ

Study Director cautions: Make sure to check if th
and after testing each sample in order to prevent ex
stability fluctuation due to instrument contamination

ernal standard reference noise ratios (S/N):( )

al standard peaks):
injections)

ctions)
i d ith d t i ft t

h t bilit f th i t t i i t b f

uipped with data processing software system.

he stability of the instrument is in agreement before
xperimental errors incurred from sensitivity drop and
ns, etc.

19



8. SPE equipment qualification8. SPE equipment qualification

Based on the suggestions from experts at the community
multiresidues in tea and the two cartridges, Cleanert-TPT a

8.1 Recoveries and RSD requirement

experiment was conducted at 2MRL level on the cleanup
CARb+PSA (500mg/500mg, 6mL) from seven manufacturers
Bestown with Cleanert-TPT for 340 pesticides (LC-MS/MS)
Woolong Tea, with the results as follows:

Evaluation of cleanup efficiencies of SPE cartridges against 340 pesticides

SPECartridge
Brands UCT SUPELCO

fillers GCB/ PSA ENVI-CARB-II
/PSA

elution time（min） 14～29 14～26（ ）

Elution flow rate
（drop/min）

before Connecting the reservoir 40～55 62～90

After  Connecting the reservoir 83～115 80～120

Percentage of pesticides with recoveries between 70-120% 96.5 97.1 

Percentage of pesticides with RSD<15% 98.1 98.2

Grading of depigmentation results Ⅱ Ⅱ

Remarks: 1) Except for Cleanert-TPT cartridge filler volume being 2000mg a
and the cartridge volume is 6mL. 2) Except for UCT cartridge’s elution at
Percentages of recoveries and RSD are the average values determined by th
I i th d lt f d i t ti f b th t G d II i th lI is the good results from de-pigmentation of both teas; Grade II is the rel
relatively poor results from de-pigmentation of both Green Tea and Woolong

meeting of the past 124th AOAC Annual Meeting regarding
and Envi-Carb+PSA, originally recommended, a comparative

p efficiencies of cartridges of the same class having Envi-
s such as UCT, SUPELCO, Agilent, Waters, Varian, CNW and

and 227 pesticides (GC-MS, GC-MS/MS ) in Green Tea and

 (LC-MS/MS) and 227 pesticides (GC-MS/MS) in Green Tea and Woolong Tea

Agilent Waters Agela  Varian CNW Bestown

Carbon/PSA Carbon/PSA Cleanert TPT Carbon/PSA CNWBOND
GCB/PSA PSA/Carb 

14～28 19～33 13～22 19～29 16～31 13～26

40～110 43～77 70～115 60～95 55～106 50～110

87～147 68～120 108～156 80～123 95～145 100～162

96.6 96.1 96.8 96.7 95.6 96.2 

98.7 98 98.4 97.2 97.8 98.2

Ⅱ Ⅲ Ⅰ Ⅱ Ⅲ Ⅳ

and cartridge volume 12mL, all other SPE cartridge filler volumes are 500mg.
t 1.0 Kpa negative pressure, other cartridges are all by gravity elution. 3)
hree instruments of GC-MS, GC-MS/MS and LC-MS/MS. 4) Test results: Grade

ti l d lt f d i t ti f W l t G d III i th
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atively good results from de-pigmentatioon of Woolong tea; Grade III is the
g Tea; IV is the poor results from de-pigmentation of both teas.



8. SPE equipment qualification8. SPE equipment qualification
8.2 De-pigmentation levels
① Viewed from de-pigmentation results, Cleanert-TPT from Agela

CARB-II/PSA from Supelco, Carbon/PSA from Agilent, andp g
Waters, GCB/PSA from CNW belong to Grade III; PSA/CARB fro

(a) Fig.1 Comparison of depigmentation results from Green T
(From left to right is UCT SUPELCO Agilent Waters(From left to right is UCT，SUPELCO，Agilent，Waters

② In terms of percentage of the number of pesticides with re
majority of pesticides are in conformity with the acceptance c

③ The conclusion was shown as follow:
 firstly the Cleanert-TPT and Envi-Carb+PSA recommended as firstly, the Cleanert TPT and Envi Carb+PSA recommended as

on 183312 data from our previous 912 experiments have
efficiencies of both cartridges are of Ruggedness.

 secondly, this comparative experiment of cleanup efficiencies
Carbon/PSA (500mg/500mg, 6mL), in terms of recoveries an
method. If collaborators who use these new cartridges in themethod. If collaborators who use these new cartridges in the
AOAC pre-collaborative study, they may use these cartridges

a does the best, belonging to Grade I; GCB/PSA from UCT, ENVI-
Carbon/PSA from Varian belong to Grade II; Carbon/PSA fromg
om Bestown belong Grade IV.

(b)Tea (a) and Woolong Tea (b) by 8 cartridges
s Agela Varian CNW and Bestown）s，Agela，Varian，CNW and Bestown）

ecoveries between 70-120% and RSD<15% (n=16), the absolute
criteria of AOAC method.

s the first and second choice for AOAC cleanup cartridges baseds the first and second choice for AOAC cleanup cartridges based
been re-confirmed and test results once again prove that the

s of 8 SPE cartridges for tea discovered that the remaining 6 SPE
nd RSD (n=16), have also met the acceptance criteria of AOAC
e pre-collaborative study have also met the acceptance criteria of
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e pre collaborative study have also met the acceptance criteria of
newly recommended in the official collaborative study as well.



8  SPE equipment qualification8  SPE equipment qualification8. SPE equipment qualification8. SPE equipment qualification

①① Two cartridges are recommended for this collaboTwo cartridges are recommended for this collabo①① gg
1) Cleanert TPT (12 mL, 2000 mg, Agela, Tianjin,1) Cleanert TPT (12 mL, 2000 mg, Agela, Tianjin,

(http://www.agela.com/searchproduct.aspx?s(http://www.agela.com/searchproduct.aspx?s
2) Envi2) Envi--Carb +PSA (0.5g/0.5g,6mL, Supelco,USACarb +PSA (0.5g/0.5g,6mL, Supelco,USA

②② No matter which cartridge is selected, it No matter which cartridge is selected, it is is 
recommended to use Visiprep 5recommended to use Visiprep 5--port flask vaport flask va
manifold or equivalent (RSmanifold or equivalent (RS--SUPELCO 57101SUPELCO 57101--UUa o d o equ a e t ( Sa o d o equ a e t ( S SU CO 5 0SU CO 5 0 UU
Aldrich Trading Co., Ltd), which is a solidAldrich Trading Co., Ltd), which is a solid--phapha
extraction equipment newly developed by Suextraction equipment newly developed by Su
(http:www.sigmaaldrtch.com)(http:www.sigmaaldrtch.com)

The Supelco Visiprep 5-Port flask vacuum manifold recom
volumes of cleansing liquid (32mL). If collaborators are abl
cleanup process they may use other SPE devices as well Fcleanup process, they may use other SPE devices as well. F
TPT cartridges can not be easily accessed in the region, Study

orative study:orative study:yy
, China);    , China);    
search=tpt )search=tpt )
A )A )

cuum cuum 
U, Sigma U, Sigma 

Solid phase Extraction Equipment

U, S g aU, S g a
ase ase 
pelco. pelco. 

p q p

mmended here is that it is relatively convenient to receive big
le to solve the reception of big volume (32mL) in Cartridge
or those labs that are willing to try Cleanert TPT but Cleaner
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or those labs that are willing to try Cleanert TPT but Cleaner
y Director may provide necessary assistance.



9. Checking the interference and influe9. Checking the interference and influegg

To prevent the interferences from reagents
reagents in the entire process of the method
and each laboratory is requested to supply
Director.

10. Avoiding cross10. Avoiding cross--interferences amoninterferences amon
the reagentsthe reagents

To prevent cross-interferences among the sa
completion of extracting the previous sample ancompletion of extracting the previous sample an
thoroughly cleansed 30 seconds homogenously
sample extraction so as to avoid the interferen
content from the samples of high pesticide contcontent from the samples of high pesticide cont
study.

ences from the reagentsences from the reagentsgg

s, blank tests shall be conducted on the
to confirm there are no interfering peaks,
black test TIC chromatographs to Study

ng the samples and influence from ng the samples and influence from 

amples, the blade of the homogenizer, after
nd before extracting the next sample shall bend before extracting the next sample, shall be

with 2x50 mL acetonitrile in the same way as
nces on the samples of low or non pesticide
tent, which is a key point in this collaborative

23

tent, which is a key point in this collaborative



11. Sample testing sequence requirem11. Sample testing sequence requirem
For collaborative sample testing, Study Direct
observed sequentially: before testing samples
control standard working solutions (to checkg (
successive injections of matrix-matched inter
concentrations from low to high 1, 2, 3, 4 and
standard calibration curve), use sample testing

b t bi th d f i l bnumber to big per the order of serial numbe
standard working solutions 2-3 times ( to check

12 Requirements for collaborators or p12 Requirements for collaborators or p12.Requirements for collaborators or p12.Requirements for collaborators or p
ExpertiseExpertise necessarynecessary forfor collaboratorscollaborators andand techntechn
11)) SkillfulSkillful samplesample preparationpreparation techniquestechniques ofof pestpest)) pp p pp p qq pp
22)) SkillfulSkillful analyticalanalytical techniquestechniques withwith GCGC--MSMS--SS

(operational(operational experience,experience, judgingjudging experienceexperience
repairrepair experience)experience)..

33)) P iP i t t it t i l il i t h it h i33)) PrecisePrecise massmass spectrometricspectrometric resolvingresolving techniqtechniq

entsents
tor suggests that the following order shall be
s, conduct 2-3 repeated injections of quality

k instrumental sensitivity and stability), makey y)
nal standard calibration mixed solutions with

d 5 points (to draw an matrix-matched internal
g solutions to test No.01, No.02…( from small

) d fi ll t t ti lit t lers) and finally repeat testing quality control
again instrumental sensitivity and stability).

personnelpersonnelpersonnelpersonnel
icalical expertsexperts..
ticideticide residuesresidues..

SIM,SIM, GCGC--MS/MSMS/MS andand LCLC--MS/MSMS/MS andand experienceexperience
ee withwith troubletrouble--shootingshooting andand maintenancemaintenance andand

ff id lid l ti idti id
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13. Period of completion of collabora13. Period of completion of collabora13. Period of completion of collabora13. Period of completion of collabora

After AOAC Pesticide and Chemical Contamina
spend two months recruiting collaborators wop g
countries and regions.

As soon as the collaborators are finalized,
standard solutions, fortified solutions and rel
collaborative study and official collaborative st
service. Counted from the date of shipping the
are kindly requested to finish this AOAC collab

Upon reception of these collaborative material
testing materials received conform to those in
and safe and fill in the Receipt Form (see An
Study Director Counted from the date of receStudy Director. Counted from the date of rece
are required to finish analytical tasks of all sam

ative study and requirementsative study and requirementsative study and requirementsative study and requirements

ants Committee approves this protocol, we will
orldwide, aiming at 20-30 laboratories from 15, g

we will immediately set about preparing the
evant testing consumables, etc. used for pre-g p
tudy and ship them out in one lump by courier
ese testing materials from China, collaborators

borative study within 3 months.
ls, collaborators shall immediately check if the
the packing list and if the materials are sound

nnex 1), which should be emailed or faxed to
eption of these testing materials collaboratorseption of these testing materials, collaborators

mples within 2 months at the latest.
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14. Safety measures14. Safety measures
Acetonitrile,Acetonitrile, toluenetoluene andand otherother reagentsreagents usedused inin

healthhealth.. Therefore,Therefore, itit isis speciallyspecially remindedreminded thatthat ruru
operationoperation withwith carecare inin thethe ventilatedventilated cabinetcabinet shouldshouldpp

15. Study Director’s hope, requests an15. Study Director’s hope, requests an
①① StudyStudy DirectorDirector isis hopinghoping toto havehave 1515 countriescountries①① StudyStudy DirectorDirector isis hopinghoping toto havehave 1515 countriescountries

methodmethod (GC(GC--MS,MS, GCGC--MS/MSMS/MS oror LCLC--MS/MS)MS/MS) partiparti
②② StudyStudy DirectorDirector requestsrequests eacheach participatingparticipating labolabo

8080 daysdays fromfrom receptionreception ofof testingtesting materialsmaterials andandyy pp gg
chromatographs,chromatographs, rawraw data,data, etcetc.. toto StudyStudy DirectoDirecto

③③ StudyStudy DirectorDirector promisespromises，，duringduring thethe collaboracollabora
technicaltechnical questionsquestions fromfrom participantsparticipants withinwithin 4848
dd b tb t tt h lh l ttdodo ourour bestbest toto helphelp outout..

thisthis experimentexperiment areare ofof potentialpotential hazardhazard toto humanhuman
ubberubber glovesgloves shallshall bebe wornworn inin experimentsexperiments andand
bebe observedobserved..

nd promises nd promises 
andand regionsregions andand overover 2020--3030 laboratorieslaboratories forfor eacheachandand regionsregions andand overover 2020--3030 laboratorieslaboratories forfor eacheach
cipatingcipating inin thisthis collaborativecollaborative studystudy..
oratoryoratory toto concludeconclude thisthis collaborativecollaborative studystudy withinwithin
dd toto emailemail oror faxfax thethe analyticalanalytical resultresult datadata sheets,sheets,yy ,,
oror himselfhimself..
ativeative studystudy period,period, StudyStudy DirectorDirector willwill replyreply toto anyany
hourshours;; ForFor questionsquestions inin otherother aspectsaspects wewe willwill alsoalso
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