
 LC-ESI-MS/MS 

DEVELOPMENT AND VALIDATION METHOD FOR DETERMINATION OF 

ACRYLAMIDE IN FOODS BY ISOTOPE DILUTION

LIQUID CHROMATOGRAPHY COUPLED WITH

ELECTROSPRAY IONIZATION TANDEM MASS SPECTROMETRY 

              PANAWAN  KLUENGKLANGDON 

. .2550



DEVELOPMENT AND VALIDATION METHOD FOR 

DETERMINATION OF ACRYLAMIDE IN FOODS BY ISOTOPE 

DILUTION LIQUID CHROMATOGRAPHY COUPLED WITH 

ELECTROSPRAY IONIZATION TANDEM MASS SPECTROMETRY

PANAWAN    KLUENGKLANGDON 

A  THESIS  SUBMITTED  IN  PARTIAL  FULFILLMENT 

OF  THE  REQUIREMENT   FOR  THE  DEGREE  OF 

MASTER  OF  SCIENCE  IN  CHEMISTRY 

SCHOOL  OF  GRADUATE  STUDIES 

KING  MONGKUT’S  INSTITUTE OF  TECHNOLOGY  LADKRABANG 

2007



COPYRIGHT 2007 

SCHOOL  OF  GRADUATE  STUDIES 

KING  MONGKUT’S  INSTITUTE OF  TECHNOLOGY  LADKRABANG 



 LC-ESI-MS/MS

   

   46063804 

     ( )

. .                                                 2550 

.

 2A 

 LC-ESI-MS/MS  (
2
d3- )

 70 %

 ( )

 carrez I  carrez II  30 

 LC-ESI-MS/MS  

 Luna Su C18  100  2.00 x 

250

 20- 800    7

 85.0-106.1  11 

(repeatability)  (reproducibility)  10    

 14 

 20  30 

 (r)  0.999 

 2-80 

 161  ( )

 3,466 



Thesis  Development and Validation Method for Determination of

  Acrylamide in Foods by Isotope Dilution Liquid Chromatography

             Coupled with Electrospray Ionization Tandem Mass Spectrometry 

Student    Miss. Panawan Kluengklangdon 

Student ID   46063804 

Degree    Master of Science 

Programme   Chemistry (Analytical Chemistry) 

Year                                             2007 

Thesis Advisor     Assoc. Prof Arunee Kongsakphaisal 

ABSTRACT

 Acrylamide have been found in foods cooked at high temperature, especially in 

carbohydrate-rich foods. It is classified as “probable human carcinogen” (group 2A). A simple 

and rapid method was developed for the quantitation of acrylamide in various food products. The 

method involved spiking the labeled internal standard (
2
d3-acrylamide) onto food products, 

extracting with 70 %(v/v) methanol in water (especially for starchy food), purifying the sample 

solution with carrez I and II solution, shaking of sample for 30 min, evaporated to dryness and 

dissolved in water. The final extract was analyzed by LC-ESI-MS/MS. The chromatographic 

separation was performed on Luna Su C18 column (2.00 mm. x 250 mm., 100 A). In-house 

validation data in 7 different food matrixes (rice, corn, potato, peanut, bread, fruit and coffee) 

showed good results with high precision and accuracy. Recoveries of acrylamide from sample 

spiked at level 20- 800 g/kg ranged between 85.0 and 106.1 % with relative standard deviation 

(RSD) of less than 11 %.  Excellent results were obtained for intra-day repeatability and inter-day 

reproducibility (%RSD < 10). The limit of detection (LOD) was less than 14 g/kg, the limit of 

quantitation (LOQ) was 20 g/kg for all matrixes except the peanut was 30 g/kg and  

correlation coefficients (r) for calibration curve were typically better than  0.999 at level 2-80 g/l.  

The analysis of 161 processed food samples that acrylamide levels ranged between ND (< LOD) 

to 3,466 g/kg.
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1.1

 ( )

. . 2002 

 (Swedish National Food Admistration; NFA) 

 (Stockholm University)

“ ”  [1] 

 (acrylamide)  200 

 (polyacrylamide) 

 1-2  1 [2]

 0.1 

 0.01 

[3]

 [4] 

 [5]

 (0.4 )  (1.5 )

 (0.04 – 1.7 ) [2]

 (International Agency for Research on 
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Cancer , IARC) 

  (probably carcinogenic to humans, group 2A) 

 [6, 7] 

. . 2002 

 Motram  [8]   Stadler  [9] 

 (reducing sugar)  

 “Maillard reaction”  

 (precursors)  (asparagines) 

 Yasuhara   [10]

 (acrylic acid) 

 (acrolein)  (dehydration) 

 (chromophore)  

 (LC-MS) 

  (GC-MS)

(internal standard) [11]

 GC-MS 

 (derivatization)  GC-MS [12-14] 

 (bromination)  

 (analyte) 

 (false positive) 

 GC-MS 

 [15]

(injection port)   LC-MS 



3

 (2,155  30  )

(1,150 ) [16]

 (injection volume) 

 (retention)

 (fragment)  (specific) 

 (m/z) 

 (MS/MS)  [17] 

 (solid phase extraction , SPE)  [18-25]  

Rosen  J.  [18] 

 LC-MS/MS

 Codex  “Food Additive and Contaminants” 

 (FAO)  (WHO)  24-28  

. . 2006 

 [26]  

 [24] 

 centrifuge spin filter [18] 

(polysaccharides)  (pectin)  [27]

 (LC-ESI -MS/MS) 
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1.2

 1.   LC-ESI-MS/MS  

  2.  

1.3

 1.  

 2.   (method validation) 

 (limit of detection)  (limit of quantitation)  

 (linearity)  (accuracy)  (precision) 

 3.  

1.4

 1.   LC-ESI-MS/MS 

 2.  

 3.  



 2 

2.1

        2.1.1   ( CAS-No. 79-06-1) [16,18]

    (acrylamide)  2-propenamide, ethylene 

carboxamide, acrylic acid amide, vinyl amide  propenoic acid amide 

 71.08  C3H5NO   2.1  

 30 

 (2,155 )  (1,550 )

 (860 )    (631 )  (396 )

 (126 )

 (  1 )      84.5  0.3 

 136  (  3.3 kPa)    (polymerization) 

 84 

 2.1   (chemical structure of  acrylamide) 

    (chromophore) 

(conjugation) -  UV 

(fluorescence)   2 

 (reactive electron-deficient double bond) 

(amide)  2 
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        2.1.2  (Toxicology of acrylamide) [3, 29, 30] 

   

 2 A 

(epoxide)  (glycidamide) 

 DNA  DNA 

adduct  DNA  N7-GA-Gua 

 N3-GA-Ade (  2.2)   (genetic)   

 DNA 

 2 

 -  

 (acrylonitrile)  2 

 ( no observe adverse effect level, NOAEL)  0.5 

  (lowest  

observe adverse effect level, LOAEL)  2 

 -  

 15  9 

 (germ cells)

 2.2  2, 3 – epoxypropanamide 

                 glycidamide -DNA adduct [2] 



7

        2.1.3  (Formation of acrylamide) 

 [8, 9, 12, 31, 34] 

 [8] 

 -   (  5 

)

 -  

 -  

 -   (  50 

)

 -  

 -   120 

 Mottram  [8] 

 dicarbonyl 2,3-butanedione  

  dicarbonyl-assisted  Strecker degradation 

 Stadler  [9] 

(pyrolysis)  ( )  (  2.3) 

 1,700 

 2.3  [31] 
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 (amide) 

(precursor)

 -   (  2.4) 

 (decarboxylation) 

(deamination)

 -  

 (free acrylamide) 

 -  

   

 2.4

 (aspartic 

acid)  (glutamine)  ( methionine)  (cysteine)   (lysine) 

  [31] 

 Umano, K.  Shibamoto, K. 

 (glycerol) 

 (acrolein)  (acrylic acid)

 [31]  2.5 
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 2.5 [31]

 Zyzak 

 [32] 

 Schiff base  

 Schiff base 

 (hydrolyze)  3- aminopropanamide 

  (  2.6)
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 2.6  Zyzak  [33] 

 Yaylayan  [34] 

 maleimide 

(intramolecular cyclization reaction) 

 succinimide 

Amadori  product   (intramolecular cyclization) 

 succinimide

Amadori  product  Schiff base  (  oxazolidin-5-one)    
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 azomethine  ylide 

 retro Michael  2.7

  succinimide

 2.7  Yaylayan  [33] 

 3  [35] 

   1)   (2-propenal, CH2=CH-CHO)  

( )

 2)    (hydrolyse)   (rearrangement)  

 (decarboxylation)

  3)  
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 (

)

-  (pH)  

  [7] 

   

        2.1.4. [3, 7, 35]

      NFA 

 2545 

 1,000 

 FAO/WHO 

 25-27  2545  2.1 

 2.1 

  [35]

/  ( )

-

Crisps, potato/ sweet potato 1,312 1,343 170-2,287 38 

Chip, potato 537 330  50 -3,500 39 

Batter based products 36 36  30 - 42 2 

Bakery products 112  50  50-450 19 

Biscuits, crackers, toast, bread crisps 423 142  30- 3,200 58 

Breakfast cereals 298 150  30- 1,346 29 

Crisps, corn 218 167 34- 416 7 

Bread, soft 50 30  30- 162 41 

Fish and seafood products, 

crumbed, battered 

35 35 30-39 4 

Poultry or game, crumbed, 

battered

52 52 39-64 2 

Instant malt drinks 50 50  50 - 70 3 

Chocolate powder 75 75  50 - 100 2 

Coffee powder 200 200 170-230 3 

Beer  30  30  30 1 
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 2.2

 0.2 

 3.4 

 2-3 

2-3

 2.2  [7] 

/

(  )* 

FAO/WHO 0.3-0.8 

EU SCF 0.2-0.4 

BfR, Germany 1.1 – 3.4 

BAG, Switzerland 0.28 

SNT, Norway 0.32 – 1.35 

AFSSA, France 0.5 - 2.9 

SNFA, Sweden 0.45 – 1.03 

NFCS, Netherlands 0.48 – 1.1 

USA 0.43 – 2.31 

UK 0.3 – 1.8 

JECFA 1 – 4 

*

 US-FDA  3  15 

 2545  2545-7  2546  8 -

2546  22  449  Total diet 

study [3]  (

)



14

 286 

  -  

 5-6 

 -  

 -  

 -  

 -  

 (exposure 

assessment)  2546 

2547  0.4 

2.2  (Liquid Chromatography Mass 

Spectrometry, LC-MS) [36, 37, 38]

 2.2.1  

 LC-MS 

 MS 

 HPLC 

 LC-MS  3 

 1)   LC 

 2)   MS 

 3)   MS  LC 

 HPLC 

(partitioning)  (mobile phase) 

 (stationary phase)  HPLC  

 (solvent reservoir)   (loop 
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injector)  (detector) (  2.8) 

 (data system)

 2.8  HPLC  [36] 

 2.2.2   (Mass spectrometer, MS) 

                 

 (molecular specificity)  (detection sensitivity) 

 (m/z) 

 (mass spectrum)

(data system )

 HPLC  MS 

 (resolution)  HPLC 

 (MS-MS)  universal detector 

 LC  LC-MS  [38] 

 -   (capability)  HPLC  MS 

 HPLC 

 MS 

 -   (molecular specificity) 

(chromatographic retention time)  MS 

 -  
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 -   MS 

 (narrow-focused band)  HPLC 

 -  

 -   LC-MS

 -   HPLC  (sample 

cleanup)  MS 

 2.2.3   (Interface Technology) 

 LC  MS  1970 

 LC  MS 

 LC-MS 

 LC-MS 

2.2.3.1  (Moving-Belt Interface)

 LC-MS 

 LC 

 2.9 

 2.9   (Moving-Belt Interface) [36 ] 
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 4 

 1  (analyte) 

 2

 infrared heater 

 3

 4

 2 -4

 infrared evaporator 

(total - ion - current ,TIC) 

 (interpretation)  library 

 TIC 

 -   HPLC 

(spray deposition) 

 -  

(electron impact, EI)  (chemical ionization, CI) 

 ( fast atom bombardment ionization , FAB) 

 -  

 (chemical background)  stainless steel 

polyimide  (conditioning)  12 

 -  
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 -  

 FAB 

 -  

 TIC 

 -   “memory effect” 

 -   (detection limit) 

 -  

 tunnel seal  

2.2.3.2  (Direct-Liquid-Introduction 

Interface, DLI)

 (pinhole)   5 

  (desolvation chamber)   (

2.10)   HPLC  pinhole

 “liquid jet” 

 10-20  HPLC 

 500 -1000  1- 4 % 

 (sensitivity) 

 DLI  CI-MS 

 -  

 -  
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 2.10  (Direct-Liquid-  Introduction

                 Interface, DLI)   [36]  

 -  

 -   pinhole

 -  

2.2.3.3  (Continuous -

Flow -Fast-Atom-Bombardment Interface)  Fast Atom Bombardment (FAB)

 matrix material  

probe  bombard 

 matrix material  

 (xenon) 

 (Cs
+
)  probe  

 HPLC  HPLC  (ionizing beam) 

 FAB  LC-MS  “ continuous- flow FAB ” 

 matrix material  HPLC 

 probe  bombard 

 probe  HPLC 

  (  2.11)  FAB  matrix material 

 5-10 %  

FAB
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 2.11  (Continuous-Flow – 

                  Fast-Atom-Bombardment Interface) [36] 

 matrix material

 “dynamic FAB”  matrix material

 static FAB   matrix 

material   2 

bombard  bombard 

 dynamic FAB  

 matrix material  

 1 %     dynamic FAB  static  FAB 

 matrix material   dynamic FAB 

 HPLC  (  2.12) 

 (

 matrix material  )  probe 

dynamic FAB  2,000 

static FAB  10,000 
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 2.12  dynamic FAB  [36] 

 -  

 probe 

 probe 

 -   HPLC 

 (microbore) 

 -   matrix material   dynamic FAB  

 -  

 -   matrix material -

 matrix material 

probe

 -   HPLC 

2.2.3.4  (Particle-Beam Interface)

 LC  10 

 (desolvation chamber) 

 (recoalescing) 

 (dry particulate state) 
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(momentum separation)   GC-MS 

 (10
-6

)    (  2.13) 

 2 

 0.1 -0.5 

 2.13  (Particle-Beam Interface)  [36] 

 -   EI 

 -  

 -  
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2.2.3.5  (Thermospray Interface)

 4 

      1  HPLC  (droplets) 

                  2

                  3

                  4  (analyte) 

 2.14  (capillary ) 

 LC

 95 %   “nebulizing gas”

  (ion-molecule reaction)  (chemical ionization) 

 ( ion-evaporation)  

 (sampling cone) 

 (filament)  (discharge electrode)  (repeller) 

 (ammonium 

acetate)

 (H
+

 NH4

+
)  (CH3COO

-
)

 (heated spray) 
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 2.14  (Thermospray Interface) [36] 

 -   HPLC 

 1 

 -  

 -  

 -   discharge electrode  filament 

 -   (  1,000 )

 -   HPLC 
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2.2.3.6  (Electrospray Interface, ESI)

 HPLC 

  ( atmospheric pressure ionization, API)  

 counter 

electrode  (drying gas) 

 (spraying region) 

 2  (  2.15) 

 3-4 kV 

 2.15  (Electrospray Interface) [36] 

 (ion evaporation)

 (  2.16) 

 (critical field) 

“coulombic explosion”  
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 2.16   [37] 

 (ion source)  

(solvation energies)  (specific ions) 

 -  

 -   1 

 -   ESI 

 -  ESI 

 -  

 -  ESI 

 ESI 

 cone-voltage 
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2.2.3.7  (Atmospheric 

Pressure Chemical Ionization Interface, APCI)  LC 

 APCI   2.17

 ( H3O
+
[H2O]n )  

 Huertas  Fontan   N2

+
, O2

+
,

H2O
+

 NO
+

 corano 

 NO 

 corano discharge 

 2.17  APCI  [37] 
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 APCI

 APCI 

 corana discharge needle 

 [X+H]
+

  (positive mode)  [X+H]
-

 (negative mode)

 (  2.18) 

 APCI 

2.18  (APCI) [37] 

 -  APCI 

ESI

 -  APCI 
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 -  APCI 

 -  APCI  2 

 HPLC  4.5 

 -  APCI  ESI 

 -  APCI  

ESI

 -   APCI  adduct 

  (M+NH4)
+

(M+CH3COO)
-

 -  

 -   APCI 

 -   APCI

 2.2.4   (Triple Quadrupole Mass Spectrometer) 

 (tandem mass spectrometry, MS-MS) 

  triple quadrupole, hybrid mass spectrometer, tandem mass spectrometry on the 

time-of-flight analyzer, quadrupole-time-of-flight instrument, tandem mass spectrometry on the 

ion-trap   triple quadrupole mass spectrometer  

 3  Q1 

 Q2  

 Q1  (collision-

induced dissociation, CID) 

 Q3  (  2.19)
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 2.19  triple quadrupole mass spectrometer [36] 

 (single quadrupole) 

 single quadrupole 

4  (RF)  (DC) 

RF/DC

 RF/DC 

 2-260  100 ms  

 RF/DC 

 3  R, M  N 

(ion source)   (soft ionization)  R
+
 , 

M
+

 N
+
   (  2.20)  (quasi-molecular ions)  

  (positive mode) 

 (negative mode)

 2.20  R, M  N  [37] 
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(fragment)  (precursor ion) 

 orifice  skimmer  collision-induced mass 

spectrometry (CID/MS)  curtain 

 ion optics housed 

 (pulse) 

 (intensity) 

 (TIC) 

 (triple quadrupole) 

 (Q1  Q3)  (Q2) 

 RF  MS/MS   2.21

 3  R, M  N 

 R
+
 , M

+
 N

+

Q1  M
+

 Q2  A
+
 , B

+
 C

+

 Q3 

 2.21  (product ion)  R, M  N  [37] 
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1)  (Product ion scan)

MS/MS “daughter ion scanning”

(MS1 Q1) (collision cell) 

Q2

“collision- activated dissociation (CAD)”

Q3 (MS2) 

“ ”

“ ” (  2.22) 

 2.22  (Product ion scan) 

 2)   (Precursor ion scan)

Parent ion scans   (MS2 Q3) 

(MS1 Q1)

(  2.23)

 2.23  (Precursor ion scan) 
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 3)   (Constant neutral loss)

 (MS1 Q1 MS2 Q3)

Q1 Q3

 42 Q1

m/z 100 Q3  58 Q1 m/z  101 Q3 m/z 59 Q1

m/z  102 Q3 m/z 60 Q1

Q3 Q1

Q3

(

2.24)

 2.24  (Constant neutral loss) 

 4)   (Single / multiple reaction monitoring) 

 MS1 (Q1)  MS2 (Q3)    Q1 

 Q2  Q3 

(Selectivity) 

 ( 2.25)

                          

 2.25  (Single/multiple reaction monitoring) 
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2.3  (Isotope dilution techniques) [39, 40]

 calibration  

(internal standard)  (surrogate)

-d6

 (d)  (
2
H) -d6

  2 

 “ ”

 (N-15)  (labeled 

glycine)
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2.4

 D.C. Macwillims   [41] 

 mixed ion exchage resin  

 0.01-0.5  0.005 - 0.1 

 -1.97 

(saturated calomel electrode,SCE)  0.091  tetra-n-butylammonium 

hydroxide  70:30  ( : )

 (wave height)  dodecyl mercaptan  

 240 

 (Beer’s law)   5 -100

 S.R. Betso  J. D. McLean  [42]   

  (differential pluse polarography, DPP)   

  DPP  -2.0 

 SCE  

 (mixed resin)     (supporting electrolyte) 

 80 : 20  ( : )  tetra-n-

butylammonium hydroxide  DPP 

 1  (ppm) 

 Johan Rosen  Karl-Erik Hellenas [18]

2
d3-

 (SPE)  Isolute Multimode 300 mg   

 LC-MS/MS   ESI 

 Hypercarb  5  50 x 2.1 

 MS/MS (triple quadrupole) 

 (MRM)  (m/z ) 72/55, 

72/54, 72/44, 72/27, 72/72  75/58    (in- house 

validation)

30 -10,000  91-102  
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 (%RSD)  3- 21  interlaboratory validation  GC-MS 

 LC-MS/MS  25 -2,000 

 (R
2
)  0.998 

Magnus Jezussek  Peter Schieberle  [14]   

2-  (2- mercaptobenzoic acid)   LC-MS  

 GC-MS 2 

2-  20  3 

 (stable thioether)  45-50
 13

C3-

 LC-MS 

 ( )  GC-MS 

 6.6 

 3 

 (amylase)  (protease) 

 Sonja Riediker  Richard H. Stadler  [19] 

 ESI-LC MS/MS 

 2   Isolut Mutimode  cation-exchange cartridge   

 ESI-LC MS/MS  (
13

C3– acrylamide ) 

(polymethacrylate gel )  (retention)

 (k)  1.2     selected 

reaction monitoring (SRM)  72/55, 72/54 

  72/27   (validation in-house) 

 10  

 15  20 
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 58 - 76  

 Denis Andrzejewski  [43] 

LC-MS/MS

 (
13

C3 - acrylamide) -

 1  0.5 

 9  20  9 

 1.5 

 cartridge Oasis HLB (hydrophilic/lipophilic copolymer sorbent) 

 Bond Elut-Accucat (cation and anion exchange sorbent) 

 ESI-LC MS/MS   MS/MS 

 10  1.0 

 45 – 374  172-539 

 6-16 

 Michael S. Young  [44] 

 LC-MS   

 2 

2  Oasis HLB (reverse-phase cartridge)  Oasis MCX (mixed-mode cation-exchange 

cartridge)  1.5  Oasis HLB  1% 

  Oasis MCX  SPE 

 LC-MS  

  96-101

5-11  100-2,000 

 0.992 (n=25)    (interday)  

  98  9.5   (n =15)  

 260-1,500 

 Franceca Calbiani  [29] 

 LC-MS/MS  ESI 

 (acidified water) 

 C18  
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(in-house validation)  (robustness)  

 15  25 

 0.999-1.000

 (intraday)    1.5

 (interday)   5

 97  3%  99  2 %  (n = 6)  

 (
13

C3-acrylamide)

 Alain Pittet  [45] 

 (  50 )

 GC-MS  carrez I 

 carrez II  (bromination) 

  2,3-dibromopropionamide 

 4  1 ( )

 Florisil    2- bromopropenamide 

dehydrobromination  triethylamine  GC-MS  

 (
13

C3- acrylamide ) 

 (repeatability)   (reproducibility)  

  10  

 2  5 

 5-500 

  93- 104

 K. Hoenicke  [46]   LC-MS/MS 

GC-MS/MS   HPLC-MS/MS  2 

 2   (iso-hexane)  

 20  ultrasonic bath  60 -

 30  carrez I 

carrez II  4,500  10 

  0.45  60 
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 2- 10 

 50  ultrasonic bath  60  30 

 carrez I  carrez II    4,500 

 10 

 50 

 1  GC-MS/MS  

 (
2
d3-acrylamide) 

 HPLC- MS/MS  GC-MS/MS 

 30  5 

 Kit Granby  Sisse Fagt  [47] 

 (

)  40  (
2
d3-acrylamide)

 3,500  10 

 Isolute Multimode 300 mg  automatic SPE  

LC-MS/MS ESI 

 5  10

  96 14  100   8

 14  9

Cavalli S.  [48]  ion-exclusion 

chromatography-mass spectrometry  microbore  ICE-AS1 

 selected - ion monitoring 

 single quadrupole  ( )   

 500  0.5 -5 

 0.5  1  16  12 

 0.20  (ppb)  500 

 B.Loye Eberhart II  [49]

 LC-MS 

  (1-C
13

 acrylamide) 

 6.00  40 

65  30  (ethylene dichloride)  10 

 (homogenizer) 

 2,700 x g  30  8 
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10, 5  5

 100 -200 

ESI-LC-MS  single quadrupole   C18   (YMC ODS, 5 

 2.0 x 150 )  10 

 pH  4.6  72 

( )  73 ( )

 SPE  (Sep-Pak Plus C18) 

 10 

 0.998 

 11 

 5-8  LC-MS 

 LC-MS/MS  GC-MS 

 Jingjing Jiao  [22] 

 ESI-LC MS/MS 

-

 SPE Oasis HLB 200 mg cartridge  

 5   86-97

 3.01-9.06 

 6.80-124.93 

 10 

 Yu Zhang  [23]

 ESI-LC MS/MS 

 2 

-  SPE Oasis HLB cartridges  

 Atlantis dC18  5   210  x 1.5 

10%  0.1% 

 6.5

 87-96 
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 3.3-37.1  10.9-1568.9 

 E.Bermudo  [24]

LC-MS/MS  (Atmospheric 

pressure chemical ionization, APCI)  ion-trap  (mass analyzer)  

 ESI 

triple quadruple 

 2  highly cross-linked polystyrene-

divinylbenzene polymeric sorbents   Strata-X-C  ENV
+
    85

  12   

 2 

 250  45 

 ( run-to-run)  (day-to-

day)   3.3  8

 Hamide Z. Senyuva  Vural Gokmen  [17] 

 LC-MS  APCI 

 0.01 

(vertex mixer)  LC-MS   

 100-1,000  99.7

 1.8  LC-MS 

 (valine)    yield characterisitic  [M+H]
+   

 118  72  baseline 

 mode selected ion 

monitoring    delay time  LC-MS 

 SPE  strong cation-exchanger sorbent

 E.K. Paleologos  M.G. Kontominas  [50]

 (methaacrylamide) 

 HPLC 



42

 protonated forms 

 (acrylic acid )  (methaacrylic acid) 

 200 

 10  2 

 (inter-day)  (intra-day) 

 1.0   

 (sample blank)   95 -103

Jose A. Rufian  Francisco J. Morales  [51] 

 LC-MS  (stable isotope dilution)  

 (
13

C3-acrylamide)

 carrez

 0.125  1 

 2 

23.2  91.8 

(r)  0.999  25-1,000  98.8

 3.9   

Vural Gokmen  Hamide Z. Senyuva  [27]

 carrez I  II  

 SPE Oasis HLB  

 LC-MS  ODS-3 

 0.01  0.2 % 

 0.6  25 
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 92.8 -101.5    4.1 

 2  6 

 (signal to noise)  3 1  9  1 

 Innocenzo G. Casella  [52]

 pulsed electrochemical 

 polycrystalline platinum 

-  (short-chain unsaturated  

aliphatic)

 pulsed amperometric   two-step 

waveform

 20  (1.4 )  45  (3.2  

)  tree-step waveform   two-step waveform 

 (reproducibility) 

 (clean-up)  carrez  strong 

cation exchanger 

 Yu  Zhang   [53]

 (GC-ECD)  

 (KBrO3)  (KBr)    -

 GC-ECD 

 GC-MS  HP-INNOWax capillary column   

  0.1 

3  (GC-ECD)  

 (spiked sample)  150, 500  1,000 

 (  4 )  87 - 97  

  4

 Varal  Gokmen   [54]  -

 (LC-DAD) 

 carrez I  carrez II 
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 Oasis HLB  

 LC-DAD  LC-MS  

 (hydrophilic)  (hydrophobic) 

 100 %   (k)  3.67   

 (RT)   2.54    4.0   (3 

 226 )

 250, 500  1,000 

 (  4 )  92.8 – 96.2

 5



 3 

3.1

         3.1.1

    1.   (C3H5NO)  SIGMA ALDRICH  99.0 

                 2. 
2
d5-   (C3D5NO)  SIGMA ALDRICH   (

 98 )

                 3.   (Standard Reference Material, SRM) SRM2387   Peanut Butter   

 NIST   reference concentration value  87.0  7.8  

         3.1.2

 1.   (potassium hexacyanoferrate)  analytical grade 

 FLUKA 

        2.   (zinc sulphate) analytical grade  UNIVAR 

              3.   (methanol)  chromatography grade  MERCK 

              4.   (formic acid) analytical grade  MERCK 

           5.   (acetic acid) analytical grade  MERCK 

 6.  

            7.    (deionized water) 

         3.1.3

 1.  

         2.    (centrifuge)  HERMLE  Z400 

          3.   (centrifuge tube) 

 polypropylene copolymer  50  polypropylene 

            4.   (shaker)  YAMOTO  SA300 

             5.  autopipett  5- 40, 40-200  200-1000 

            6.   (vortex mixture)  VORTEX-2 GENIE 
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         7.  syringe filter  (nylon)   0.45 

13  disposable

   8.   derivatize  4 

 9.    Oasis HLB 6 cc. (200 mg) 

Oasis MCX 3 cc (60 mg)  Water 

          10.   Luna Su  C18  100   2.00 x 250 

 Phenomenex 

           11.   Atlantis  dC18   5   2.1 x 150 

 Water 

             12.   4  Satorius  model AC 211S 

        13.   Agilent   1100 

 binary pump   (auto sample) 

  (LC-MS/MS)  API 4000 

Applied Biosystem MDS SCIEX

3.2

  3.2.1   LC-ESI-MS/MS

                   3.2.1.1   (interference) 

 LC-ESI-MS/MS 

 3.2.1.2  

 ( )

        3.2.2

         3.2.3

    3.2.4  
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3.3

        3.3.1

3.3.1.1  500  (stock standard 

solution)

  0.0500  100 

 4 

 6 

         3.3.1.2
2
d

3
-  500  (internal standard 

solution)  

 2
d5-   0.0500

 100  (
2
d5-

2
d3- )  4  6 

             3.3.1.3  10  (working standard

solution)   

                                   500   100 

 5

( )

   3.3.1.4   1  10  (spike

standard solution)   

 500   10 

 100  5  2 

 ( )

3.3.1.5  
2
d

3
-  10 (working

internal standard solution)

2
d3 -  500 

100  5

 ( )
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 3.3.2   (calibration  standard 

solution ) 

        0, 2, 5, 10, 20, 40  80 

2
d3 -  40 -

 10  (  3.3.1.3) 

 0, 5, 12.5, 25, 50, 100  200  25 

7
2
d3-  10

(  3.3.1.5)  100 

        3.3.3

3.3.3.1   carrez I

  15

 100

3.3.3.2   carrez II 

  30 100  

3.3.3.3  50, 60, 70, 80  90  % 

  50, 60, 70, 80  90  

   50, 40, 30 , 20  10 

                     3.3.3.4  0.1 % 

70 %

 1  70 % 

 1000 

      3.3.3.5   0.1 %

 70 %

 1  70 % 

 1000 

3.3.3.6  0.1 %  ( )

 1 

 1000 

 (cellulose acetate)  0.45 
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 3.3.4    (interference) 

 LC-ESI-MS/MS 

                 3.3.4.1

SRM2387 peanut butter  

  2 

 Oasis HLB  Oasis MCX   LC-ESI-MS/MS 

 Atlantis  dC18  

5   2.1 x 150 

0.1 %  97  3

0.3

                 3.3.4.1.1  1 
2
d3-  400        

 10  carrez I  carrez II 

 100  20 

 3,500  syring filter 

 (nylon)  0.45  2  LC-ESI-

MS/MS

                 3.3.4.1.2

 2  2 

 3.3.4.1.1  2  Oasis HLB 

  2 

 Oasis MCX  

 2  2 

 10  syring filter 

0.45  2  LC-ESI-MS/MS

                 3.3.4.2

SRM2387 peanut butter  

 2  Atlantis  dC18   5 

2.1 x 150  Luna Su  C18  100   2.00 x 250 



50

 3.3.4.1.1  LC-ESI-MS/MS  

 0.1 % 

 97  3  0.3 

  2 

3.3.5

( )

3.3.5.1

 50, 60, 70, 80, 90 

 100 %  2 

SRM2387 peanut butter  1 

 1  10  20 

 (  carrez I  carrez II ) 

 3.3.5.2

  0.5, 1.0, 2.0, 3.0  4.0 

 (  3.3.5.1)

 1  10 

 20  (

 carrez I  carrez II )  

(  2) 

3.3.5.3

                                   3.3.5.3.1

 (  3.3.5.1)   0.1 % 

0.1 %  (  3.3.3.4  3.3.3.5 ) 

 1 

  10  20  (

 carrez I  carrez II) 

 2 
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             3.3.5.3.2  

 (  3.3.5.1)  10  15 

 1 

 20  (  carrez I 

carrez II ) 

 2 

             3.3.5.3.3   20 

30  (  3.3.5.1)           

 1  10  (

 carrez I  carrez II ) 

 2 

  3.3.6

  (sample blank)  

 4

 sample blank 

3.3.6.1  (linearity ) 

 7 

 0, 2, 5, 10, 20, 40 80   (  3.3.2)  LC-ESI-

MS/MS  5  Luna Su  C18 

 100   2.00 x 250 

 0.1 %  97  3

 0.3 

  (   m/z 72/55)  ( 
2
d3-

 m/z 75/58) -

 (regression line)  (the 

method of least squares)  (correlation coefficient, r)  

 (coefficient of determination, R
2
)  0.995 [55]  

 residual plots ( .)
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3.3.6.2  (limit of detection, LOD) [56]

                        

(  3.4)  7-10  (mean)  (SD) 

 LOD = +3SD  LOQ 

(estimated LOQ)  = + 10SD

  ( x )  =
n

x
i                                                  (3.1) 

         xi

                                                          n

1
)(

2

n

xx
SD

i                                                          (3.2) 

i
x

x

n

                                                    LOD (limit of detection)  = SDx 3

                                                  estimated LOQ  (limit of quantitation)      = SDx 10

  3.3.6.3  (limit of quantitation, LOQ)  [56] 

 (spiked 

sample)  LOQ  (estimated LOQ)  

 (  3.4)  7-10  (%recovery) 

 (%RSD )  ( .)

 LOQ 
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3

21 100
(%)covRe

C

xCC
ery                                               (3.3) 

1C  (spiked sample

fortified sample) 

         2C  (unspiked sample unfortified sample) 

         3C

x

SDx
RSD

100
%                                                          (3.4) 

SD

x

3.3.6.4   (precision)  (accuracy) 

 3 

 LOQ, 400  800  (

3.4)  7-10 

 ( .)

          (SRM)  7 -10 

 (trueness) 

 ( .)  2 

(repeatability)  (intra-day)  (reproducibility) 

 (inter-day)   2 

 ( .)

        3.3.7
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 LC-ESI-MS/MS   

 3.4 

3.4

    3.4.1 

                     3.4.1.1

         3.4.1.2  1  4 

                     3.4.1.3
2
d3-  ( )

10  40 

                     3.4.1.4  70 %   10 

 1 

                     3.4.1.5  carrez I  carrez II  100 

                     3.4.1.6   1 

 30 

                     3.4.1.7   3,500 

 30 

                     3.4.1.8   0.7  derivatize  

 (  20 

)  0.7 

 1  syring filter  (nylon) 

0.45  2  LC-ESI-MS/MS 

 20 

   3.4.1.9  

 Oasis MCX 3 cc (60 mg)   

 2  2 

 3.4.1.7  2  Oasis MCX

 10 

 3.4.1.8
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   3.4.2   (LC-

MS/MS)

 Luna Su  C18 100   2.00 x 250 

  0.1 % 

 97 3  0.3  30 -

 (multiple reaction monitoring, MRM)  

 72/55 , 72/44  72/72  (precursor ion)  m/z  72

 (product ion)   m/z 55, 44   72

2
d3-   m/z 75/58  m/z  75  

 m/z 58    (peak area)  

 m/z  72/55 ( )  m/z  75/58  (
   2

d3-  )

 Applied  Biosystem MDS SCIEX  API 4000

 Turbo spray (ESI)    triple quadrupole  

(software version) : analyst 1.4.2 

 3.1

 (positive mode) 

temperature 400 

Collision Gas  (CAD) 6 

Curtain Gas (CUR) 11 

Ion Source Gas 1 (GS
1
) 60 

Ion Source Gas 2 (GS
2
) 55 

Ion Spray Voltage (IS) 5500 
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 3.2  (multiple reaction

                    monitoring, MRM) 

 Q1 mass 

(amu)

Q3 mass 

(amu)

Dwell

Time

(mSec)

DP* EP* CE*

(volts)

CXP*

(volts)

 71.800 44.000 100 40  10 21 6 

 71.800 55.000 100 40 10 16 8 

 71.800 71.900 100 40 10 6 12 

2
d

3
-  75.000 58.100 100 40 10 8 8 

* DP : Declustering Potential ,  EP : Entrance Potential, CE : Collision Energy,  CXP : Collision Cell Exit Potential

  3.4.3  

             

-  (blank method)  5 % 

(batch)

-   (duplicate)  5 % 

-  ( )

        5 % 

-  LOD  “ ”

-  LOD  LOQ  “  LOQ” 

-  LOQ  “ ”



 4 

4.1  LC-ESI-

MS/MS

 (hydrophilic properties)  

 (MS/MS) 

 (characteristic ions)  

 (internal labeled standard)   “ ”

 LC-MS/MS  

 ESI  triple quadrupole

 (precursor ion)  (product ion) 

 (MRM)  m/z 72/44 , 72/55 , 72/72  75/58  MS 

 (Q1)   [CH2=CHCONH2]
+
 m/z 72 

2
d3-

( )  [CD2 =  CDCONH2]
+
   m/z 75   Q1 

 MS  2 (Q2)   (CID)  

 MS  3 (Q3)  

acryloyl cation [CH2=CHC=O]
+
  m/z  55   [CONH2]

+
  m/z 44   

 ethene   
2
d3-  [D3H3O]

+
  m/z  58   4.1 

(MRM)
2
d3-

 0.1 % 

 97  3  0.3  2 

 Atlantis  dC18  5   2.1 x 150  (  4.1 )
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Luna Su  C18 100  2.00 x 250 (  4.1 )

 m/z 72/55 ( )  m/z 

75/58 ( )  intensity 

( )                                                                                             ( )

 4.1   MRM  10 g/l  (m/z 72/44,

                72/55  72/72 )
 2
d3-  40 g/l  (m/z 75/58)   ( )

                   Atlantis  dC18  5 m  2.1 x 150  mm.  ( )  Luna Su  C18 100 
o
A  2.00 x 250 mm.

m/z 75/58 

m/z 72/72 

m/z 72/55 

m/z 72/44 

 [CD2 =  CDCONH2]
+
  m/z 75 

   [CD2=CDC=O]
+
   m/z  58

[CH2 = CHCONH2]
+
  m/z 72 

         [CONH2]
+
  m/z  44  

[CH2 = CHCONH2]
+
  m/z 72 

                                       

            [CH2=CHC=O]
+
   m/z  55

[CH2 = CHCONH2]
+
  m/z 72 

                                       

     [CH2 = CHCONH2]
+
  m/z  72

m/z75/58

m/z 72/72 

m/z 72/55 

m/z 72/44 
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              4.1.1  (interference) 

 LC-ESI-MS/MS 

 carrez I  carrez II  LC-ESI-MS/MS

 Atlantis  dC18  5   2.1 x 150 

 0.1 % 

 97  3  0.3 

  3.0 

 baseline  (  4.2    m/z 72/55)   

 (co-elution)   

 (false signals) 

 Senyuva H.Z.  Gokmen V. [17]  

 2  delay time 

 2 

 Oasis MCX     Michael S. Young  [44]

 2  Oasis HLB  Oasis 

MCX

 graphitized carbon, ion-exchanger, mixed material [16]  

 Oasis HLB  Oasis MCX 

Atlantis  dC18  5   2.1 x 150  m/z 72/55 

  2.0  (  4.2  ) 

 Oasis HLB  (polar)  (nonpolar) 

poly(divenylbenzene-co-N-vinylpyrrolidine)

 N-vinylpyrrolidone   m-

divenylbenzene    Oasis HLB 

 Oasis MCX   mixed mode ion-

exchange  sulfonic acid (-SO3H)  poly(divenylbenzene-

co-N-vinylpyrrolidine)  Oasis HLB  

 (strong cation exchange)   
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 amphoteric   

 Oasis MCX

-

 Luna Su  C18  100    

  2.00 x 250  Atlantis  dC18  

 5   2.1 x 150 

 4.2 ( )  2 

 Luna Su  C18 100   2.00 x 250 

 Luna Su  C18 100   2.00 x 250 

 0.1 %  97  3

 0.3  4.5 ± 0.2  

 (tailing factor)   1.3   2.7
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4.1.2

 LC-ESI-MS/MS 

 (co-extractive)  

 (defatting step)  

 (SPE)  

 [56]   

  [22, 23, 44, 51]      [29]   [17]       

  [27]  [31]

 carrez I  carrez II  

LC-MS    

  (polysaccharides) 

 (1,150 )  (2,155 )

4.1.2.1

  2 SRM2387 peanut butter   87.0 + 7.8 

 1  50, 60, 70, 

80, 90  100  %  1  10 

 20   2   4.1

50 -70 %  SRM2387 peanut butter 

81.2 -86.4  

(79.2 - 94.8 )  1 

 50 -70 % 
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 (  4.3)

  50 -70 % 

 4.1

SRM2387 peanut butter  1

  ( )  (% v/v) 

SRM2387 peanut butter

 (79.2  - 94.8 g/kg)

 1 

     50 %  81.2 560 

60 % 82.2 582 

70 % 86.4 550 

80 % 75.9 343 

90% 58.2 114 

100 % 35.1 43.3 

 1  10  2 

0

100

200

300

400

500

600

700

50% 60% 70% 80% 90% 100%

 (%v/v)

 (
u

g
/k

g
)

SRM2387 peanut butter

 1

 4.3

SRM2387 peanut butter 

 1 
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 70 % 

 3 

                           4.1.2.2   

 1  0.5, 1.0 , 2.0 , 3.0  4.0 

 70  %  10 

 20  2 

 1 

 2  4.2  1 

 77.2-91.2   

 1  2 

 1  (  4.4)  1 

 2.0 

 2 

 1  0.5 - 1 
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 4.2

 1

 ( )

( )  1  2  1 

(%)

0.5 600 58.0 658 91.2 

1.0 622 75.7 698 89.1 

2.0 600 119 719 83.4 

3.0 560 136 696 80.5 

4.0 549 162 711 77.2 

 70%  10  20 

 2

0

100

200

300

400

500

600

700

0.5 1.0 2.0 3.0 4.0

 (g)

 (
u

g
/k

g
)

 1

2

 4.4  1  2

 1 

(g)



66

 4.1.2.3   1 

 70 % 

70 % 

 4.3 1  85.6 -91.2    

 1 

 91

 6 

 4   0.1% 

   0.5 %  5 -

 (heptafluorobutanoic acid in water)   [25]

S. Eriksson  P. Karlsson  [58]  pH  2 -7.5 

 (LOD) 

 20  30 

 4.3  2   

 ( )

(ml)

( )

 1  2 

 1 

(%)

70%  10 20 464 77.5 542 85.6 

0.1 %  70%  10 20 517 71.3 588 87.9 

0.1 %  70%  10 20 512 73.4 585 87.5 

70%  15 20 549 65.3 614 89.4 

70%  10 30 561 60.8 622 90.2 

70% * 15 30 542 51.8 594 91.2 

 1  3   (*  6 )

 0.5 - 1   70 % 

 10  30 
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4.2  (Validation method) 

 4.2.1   (Linearity) 

 0, 2 ,5, 10, 20, 40  80 

2
d3 –  40 

 LC-ESI-MS/MS  5 

-

 (  y) -

   (  x )  Analyst 1.4.2

(  4.5)  y = 1.03 x -0.00378    1.03  y

 -0.00378     (r) 0.9997  1 

 (  0.995)  residual  plot 

 residual plot   y-residual  0  

( . )

 0.999 

          

 4.5  (m/z 72/55)  0-80 g/l

                                2
d3 –  (m/z 75/58)  40 g/l
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              4.2.2  ( Limit of detection, LOD) 

 (Limit of quantitation, LOQ) 

 4.4  (LOD) 

 (LOQ)  LC-ESI-MS/MS 

 sample blank 

 3.4  Oasis 

MCX

 7- 10 

3  (  )

 1.27 -13.6 

 sample blank 

  20 

  30 

85.0- 101.3   5.2 -10.9 (  4.5) 

 ( .)

 4.4  (LOD)  (LOQ)

 ( )

 ( )

LOD LOQ 

 7.76 20.0 

 7.61 20.0 

 6.58 20.0 

                 13.6 30.0 

 1.27 20.0 

 5.81 20.0 

* 6.96 20.0 

*   Oasis MCX
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                                         ( )                                                                            ( )

 4.6  MRM

 400 g/kg ( )  SPE  ( )

 SPE Oasis MCX

Interference 

Interference 

m/z 75/58 
m/z 75/58 

m/z 72/72

m/z 72/72

m/z 72/55 m/z 72/55

m/z 72/44 m/z 72/44

Interference 
Interference 
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 Oasis MCX 

 LC-ESI MS/MS 

 baseline  (  4.5   m/z 72/55) 

 (  4.5   m/z 72/55)   

 Oasis MCX SRM2387 peanut butter 

(  4.6)  93.1   (

2.2 )  (79.2-94.8 )

 Oasis HLB 

 Oasis HLB 

              4.2.3  (Precision)  (Accuracy) 

LOQ (20  30) , 400  800  7 

 3.4  4.5   85.0 -106.1  

 1.9-10.9  ( .)

 (intra-day)  (inter-

day) SRM 2387 peanut butter  4.6

 10  ( .)

 (repeatability)  (reproducibility) 

 (trueness)  SRM2387

peanut butter ( .)  7 

 95 %  (confidence interval, 

CI)   83.7  3.6  (

95 %)   79.2 - 94.8 
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 4.5

( g/kg)  SD

( g/kg)

RSD
r

(%)   (%) (n)

 0       2.93  1.61   10 

 20*       19.5  2.0 10.3 98.2 8 

 400        378  14   3.7 96.6 10 

 800        761 20  2.6 97.7 10 

 0       1.97  1.88   10 

 20*       20.9  1.8 8.6 97.6 7 

 400        376  11 2.9 95.8 10 

 800        740  33 4.5 97.2 10 

 0       1.63 1.65   9 

 20*       18.3  2.0 10.9 86.4 7 

 400       368  20  5.4 95.7 10 

 800       748  15  2.0 96.8 10 

 0      5.85  2.59    10 

 30*      36.6 1.9 5.2           101.3 8 

 400       382  33 8.6 98.5 10 

 800       790  39 4.9           102.9 10 

 ( ) 0      0.16  0.37   10 

 20*      17.1  1.4 8.2 87.7 10 

 400       389  17 4.5           102.4 10 

 800       780  30 3.8           101.9 10         

 0     2.30  1.17   10 

 20*     17.2  1.4 8.1 86.9 9 

 400      393  13 3.3           101.6 10 

 800      799  32 4.0           103.6 10 

** 0     1.71  1.75   7 

 20*     18.6  1.9 10.2 85.0 7 

 400     416  10   2.4           104.4 7 

800     845  16  1.9           106.1 7 

*  (limit of  quantitation, LOQ) 

 **  Oasis MCX 
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 4.6  (repeatability)  (intra-day) 

 (reproducibility)  (inter-day)  

 SRM 2387 peanut butter 

 (n)  ( g/kg)

SRM2387 peanut butter 

 SD 

       ( g/kg)

Repeatability

RSD
r
 (%) 

 1 7 91.4, 79.5, 81.6, 83.7, 82.3, 85.9, 81.5 83.7 3.9 4.7 

 2 3 88.2, 94.1, 90.7 91.0 3.0 3.3 

 3 3 90.7, 92.0, 93.1 91.9  1.2 1.3 

 4* 3 94.3, 90.6, 94.4 93.1  2.2 2.4 

 SD ( g/kg) 88.4  5.2 

Reproducibility   RSD
R
 (%)         5.9    

*  Oasis MCX 

 70 % 

 40 
2
d3-

 ( .)

 73.1
2
d3-

 100 -

 (systematic error) 

4.3

 161  8 

 4.7  

 3,466

  57 

 3,466  5 
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 3,466 

 (median)  1,336 

 [2, 24, 44] 

 761, 488, 363 141

 67.1, 57.2, 82.0  43.0 

 48  20.0 -

496

 347, 496 

 56.0  42.5, 63.4  34.2

 24 

- 486   50.4 

 2  220- 482 

 351     

 3  28.6-154 

 44.6 

 ( )  6 

 103- 203   152 -

 18  - 628 

 20.0 
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 3  37.2- 409 

 404

 [59] 

   

 4.7

 ( )

 –

1.     

     - 14 -761 67.1 

     - 17 -488 57.2 

     - 9 528-3,466 1,336 

     - 4 60.9 -363 82.0 

     - 13  -141 43.0 

2.     

    - 32  20.0 -347 42.5 

    - 8 24.8-496 63.4 

     - 8  30.0 -56.0 34.2 

3.  24  -486 50.4 

4.  2 220-482 351 

5.  3 28.6-154 44.6 

6.  6 103-203 152 

7.

( )

18 -628  20.0 

8.  3 37.2 – 409 404 



 5 

5.1

LC-ESI-MS/MS

 ( 
2
d3- )

 (systematic error) 

 30 

 LC-ESI-MS/MS   triple 

quadrupole

 (MRM)   m/z72/44, 72/55, 72/72  75/58

 m/z 72/55  m/z 75/58
2
d3-

( )

 70 % 

 10 

0.5-1  30  carrez I 

 carrez II 

Luna Su  C18  100   2.00 x 250 

 Oasis MCX   mixed-mode ion exchange 
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 0.1 % 

 97  3  0.3 

( )

 20 -800 

85.0-106.1   11

SRM 2387 peanut butter  (repeatability)

(intra-day) (reproducibility) (inter-day)

 10  trueness

 95 %  (confidence interval, CI)

  83.7  3.6  (  95 %)

 79.2 – 94.8 

 14 

  20.0  30.0

 0.999  (  2- 

80 )

 161 

 ( )

3,466

 1,336 

 20 – 82.0 

  16 

 (rice) 

 15 -25  (wheat) 

 75-2,200   [59]  
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( )

5.2

(organic solvent)

(sensitivity)
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ภาคผนวก ก. 
การยืนยนัความสมัพันธเชิงเสนดวย residual plots 

 
 Residual plots คือการพลอตระหวางคา y-residual บนแกน y และคา x บนแกน x เพื่อ
ยืนยันความเปนเสนตรงของเสนกราฟที่สรางขึ้นจาก y และ x และเพื่อดูวามีคาสุดตางหรือไม ถา
เสนกราฟมีความเปนเสนตรง ควรมีการกระจายของ y-residuals รอบๆคาศูนย เพราะถึงแมวา คา y 
ที่อานไดแตละคาจะไมขึ้นกับคา y อ่ืนๆ แต y-residual จะขึ้นซึ่งกันและกันเพราะผลรวมจะเปนศนูย
เสมอ [56] 
 รูปแบบตางๆของ residual plots  (รูปที่ ก.1) 

(a) แสดงความสมัพันธของ x และ y อยางเปนเสนตรง 
(b) แสดงความสมัพันธของ x และ y อยางเปนเสนตรง แตคาแปรปรวนของ y ที่ x 

มีคาสูงๆ มีความแตกตางอยางมีนัยสําคัญจากคาแปรปรวนของ y ที่ x ต่ําๆ กรณี
นี้การพลอตกราฟมาตรฐานตองพลอตแบบ weighted regression line 

(c) แสดงความสมัพันธของ x และ y ที่ไมใชแบบเสนตรง 
(d) แสดงความสมัพันธของ x และ y  อยางเปนเสนตรง โดยมีคาสุดตาง 

  

                 
 

                 
 

รูปท่ี ก.1    แสดง Residual plots รูปแบบตางๆ [56] 
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 7 

 0 - 80   (  3.3.2)  LC-

ESI-MS/MS   5 

  (   m/z 72/55)  ( 
2
d3 - 

 m/z 75/58) -

   ( .1)   y  x 

.1  residuals 
2
d3-

  (  5 )

AA

( g/l)

2
d

3
-AA (IS)

( g/l) (  x) 

AA

(m/z 72/55) 

2
d

3
-AA (IS)

(m/z 75/58) (  y) 

Residuals

0 40 0.00 0 2180000 0.000 0.003842539 

0 40 0.00 0 2100000 0.000 0.003842539 

0 40 0.00 0 2030000 0.000 0.003842539 

0 40 0.00 0 2020000 0.000 0.003842539 

0 40 0.00 0 2070000 0.000 0.003842539 

2 40 0.05 86300 2060000 0.042 -0.005593904 

2 40 0.05 88800 2040000 0.044 -0.003957696 

2 40 0.05 86900 2020000 0.043 -0.004467306 

2 40 0.05 91600 1970000 0.046 -0.000989646 

2 40 0.05 85600 1940000 0.044 -0.003363397 

5 40 0.12 226000 1970000 0.115 -0.009760766 

5 40 0.12 228000 1980000 0.115 -0.009330063 

5 40 0.12 224000 1940000 0.115 -0.009017661 

5 40 0.12 220000 1950000 0.113 -0.011661066 

5 40 0.12 221000 1970000 0.112 -0.012298837 

10 40 0.25 542000 2020000 0.268 0.015511136 

10 40 0.25 558000 1960000 0.285 0.031888182 

10 40 0.25 552000 2010000 0.275 0.02182117 

10 40 0.25 538000 1950000 0.276 0.02309174 

10 40 0.25 550000 1910000 0.288 0.035152419 

20 40 0.50 909000 1850000 0.491 -0.018102579 

20 40 0.50 910000 1800000 0.506 -0.003898375 

20 40 0.50 924000 1790000 0.516 0.006747187 

20 40 0.50 906000 1780000 0.509 -0.000465167 

20 40 0.50 893000 1770000 0.504 -0.004934157 

40 40 1.00 1820000 1790000 1.017 -0.005990624 

40 40 1.00 1760000 1770000 0.994 -0.028400118 

40 40 1.00 1810000 1810000 1.000 -0.0227504 

40 40 1.00 1800000 1790000 1.006 -0.017163808 

40 40 1.00 1780000 1780000 1.000 -0.0227504 

80 40 2.00 3630000 1730000 2.098 0.048922556 

80 40 2.00 3520000 1710000 2.058 0.009136193 

80 40 2.00 3490000 1700000 2.053 0.003597837 

80 40 2.00 3410000 1670000 2.042 -0.007427172 

80 40 2.00 3340000 1640000 2.037 -0.012757974 
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 y- residual
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.2)  y-residual  x  y 
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conc. AA/ conc. IS

R
e
s
id

u
a
ls

.2  y-residual 

  ( 
2
d3- )



.

 (m/z 72/55) 
2
d3-  (m/z 

75/58)  -

2
d3-  (regression line) 

(the method of least squares)

cr
RslopeR * intercept                                                           ( .1)

r
R

2
d3-  (  y)

c
R

2
d3-  (  x) 

slope

 intercept  y

1

 (m/z 72/55)  = 77700 

2
d3-  (m/z 75/58)  = 1140000 

r
R   = 77700/1140000 = 0.0682  

00378.0*03.1
cr
RR

c
R

c
R   = (0.0682+0.00378)/1.03 = 0.0699
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2
d3-  = 381  (ppb)

 = 0.0699 x 381 = 26.6  (ppb) 

 0.0266  (ppm)

2  1 

  Rr = 1.04 Rc + - 0.0104  ( r = 0.9997) 

                                            Slope = 1.04

                                            Intercept = -0.0104 

Sample Wt 

 (g)

IS

(ng)

IS

(ng/g)

Peak area

m/z 72/55 

Peak area 

 m/z 75/58 

Rr Rc Rc

sample- 

Rc  

blank

AA

(ng/g)

AA

(ng/g)

%Rec

Blank (no SPE)  400  8930 1700000 0.0053 0.0151   

B 01 (no SPE) 1.0889 400 367 991000 718000 1.3802 1.3371 1.3249 486 

B 02 (no SPE) 1.0469 400 382 840000 762000 1.1024 1.0700 1.0549 403 

B 03 (no SPE) 1.0201 400 392 36100 881000 0.0410 0.0494 0.0343 13.4 

B 03 (no SPE)  dup 1.0171 400 393 39400 865000 0.0455 0.0538 0.0387 15.2 14.3

B 04 (no SPE) 1.0459 400 382 51600 767000 0.0673 0.0747 0.0596 22.8 

B 05 (no SPE) 1.0747 400 372 621000 830000 0.7482 0.7294 0.7139 266 

B 06  (no SPE) 1.0429 400 384 328000 699000 0.4692 0.4612 0.4459 171 

B 06 + std 100 ng 

(no SPE) 1.0168 400 393 528000 724000 0.7293 0.7112 0.6959 274 104.7

100*
0168.1/100

)171274(
   =   104.7  % 



.

.1

.1.1  (LOD) 

 sample blank  

 (mean)  (SD) 

  Rr = 1.11 Rc + - 0.0135  ( r = 0.9999) 

                                                             Slope = 1.11

                                                        Intercept = -0.0135 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1 (no SPE)  400  24100 1880000 0.0128 0.0237   

Blank_2 (no SPE)  400  22200 1980000 0.0112 0.0223   

Blank_3 (no SPE)  400  25000 1770000 0.0141 0.0249 0.0236 

rice no. 1 (no SPE) 1.1161 400 358 30900 1390000 0.0222 0.0322  0.0086 3.08 

rice no. 2 (no SPE) 1.0600 400 377 32900 1430000 0.0230 0.0329  0.0093 3.51 

rice no. 3 (no SPE) 1.0604 400 377 47600 1590000 0.0299 0.0391  0.0155 5.84 

rice no. 4 (no SPE) 1.0579 400 378 28900 1470000 0.0197 0.0299  0.0063 2.38 

rice no. 5 (no SPE) 1.1108 400 360 26200 1270000 0.0206 0.0307  0.0071 2.56 

rice no. 6 (no SPE) 1.0265 400 390 20500 1410000 0.0145 0.0253  0.0017 0.66 

rice no. 7 (no SPE) 1.0368 400 386 36900 1530000 0.0241 0.0339  0.0103 3.98 

rice no. 8 (no SPE) 1.0938 400 366 25800 1560000 0.0165 0.0271  0.0035 1.28 

rice no. 9 (no SPE) 1.0314 400 388 24600 1460000 0.0168 0.0273  0.0037 1.44 

rice no.10 (no SPE) 1.0023 400 399 35600 1400000 0.0254 0.0351  0.0115 4.59 

        mean 2.93 

        SD 1.61 

        3SD 4.83 

        10SD 16.1 

LOD = mean + 3SD 

                          = 2.93 + 4.83   = 7.76  (ppb) 

        estimated  LOQ   =  mean + 10SD 

                           = 2.93+16.1    = 19.0  (ppb) 
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.1.2  (LOQ) 

 20  1 

 (%recovery)  (%RSD) 

  Rr = 1.03 Rc + - 0.00378  ( r = 0.9997) 

                                                               Slope = 1.03

                                                           Intercept = -0.00378 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

%Rec

Blank_1 (no SPE)  400  14300 1300000 0.0110 0.0143    

Blank_2 (no SPE)  400  14900 1380000 0.0108 0.0142    

Blank_3 (no SPE)  400  20600 1690000 0.0122 0.0155    

Blank_4 (no SPE)  400  17400 1690000 0.0103 0.0137 

0.0144

   

rice no.1 1.0176 400 393 14700 1070000 0.0137 0.0170  0.0026 1.02  

rice no.2 1.0504 400 381 12000 1290000 0.0093 0.0127  0.0000 0.00  

rice no. 3 1.0546 400 379 14100 1200000 0.0118 0.0151  0.0007 0.27  

         mean 0.43 

rice +std 20 ng 

 no. 1 (no SPE) 1.0473 400 382 77700 1140000 0.0682 0.0698  0.0554 21.2 108.8 

rice +std 20 ng 

 no. 2 (no SPE) 1.0525 400 380 84800 1260000 0.0673 0.0690  0.0546 20.7 106.7 

rice +std 20 ng 

 no. 3 (no SPE) 1.0285 400 389 69800 1030000 0.0678 0.0695  0.0551 21.4 107.8 

rice +std 20 ng 

 no. 4 (no SPE) 1.0145 400 394 61900 1060000 0.0584 0.0604  0.0460 18.1 89.6 

rice +std 20 ng 

 no. 5 (no SPE) 1.0042 400 398 69000 1020000 0.0676 0.0693  0.0549 21.9 107.8 

rice +std 20 ng 

 no. 6 (no SPE) 1.0280 400 389 65400 1090000 0.0600 0.0619  0.0475 18.5 92.9 

rice +std 20 ng 

 no. 7 (no SPE) 1.0419 400 384 61900 1100000 0.0563 0.0583  0.0439 16.9 85.8 

rice +std 20 ng 

 no. 8 (no SPE) 1.0195 400 392 65100 1150000 0.0566 0.0586  0.0442 17.3 86.0 

        mean 19.5 98.2

        SD 2.0 10.5

        %RSD 10.3 10.7

 ( .) 

  LOQ  20.0  (ppb) 
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.2

.2.1  (LOD) 

 sample blank  

 (mean)  (SD) 

  Rr = 1.16 Rc + - 0.0185  ( r = 0.9998) 

                                                           Slope = 1.16

                                                      Intercept = -0.0185 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1 (no SPE)   400   13200 811000 0.0163 0.0300   

Blank_2 (no SPE)   400   7470 875000 0.0085 0.0233   

Blank_3 (no SPE)   400   6080 897000 0.0068 0.0218   

Blank_4 (no SPE)   400   9530 958000 0.0099 0.0245 0.0249

corn no. 1 (no SPE) 1.0856 400 368 16300 629000 0.0259 0.0383  0.0134 4.93 

corn no. 2 (no SPE) 1.0372 400 386 10800 672000 0.0161 0.0298  0.0049 1.89 

corn no. 3 (no SPE) 1.0862 400 368 7350 624000 0.0118 0.0261  0.0012 0.44 

corn no. 4 (no SPE) 1.0086 400 397 10800 616000 0.0175 0.0311  0.0062 2.46 

corn no. 5 (no SPE) 1.0103 400 396 13700 634000 0.0216 0.0346  0.0097 3.84 

corn no. 6 (no SPE) 1.0048 400 398 3870 631000 0.0061 0.0212  0.0000 0.00 

corn no. 7 (no SPE) 1.0298 400 388 8940 562000 0.0159 0.0297  0.0048 1.86 

corn no. 8 (no SPE) 1.0490 400 381 5790 570000 0.0102 0.0247  0.0000 0.00 

corn no. 9 (no SPE) 1.0849 400 369 5860 575000 0.0102 0.0247  0.0000 0.00 

corn no. 10 (no SPE) 1.0521 400 380 13600 579000 0.0235 0.0362  0.0113 4.29 

        mean 1.97 

        SD 1.88 

        3SD 5.64 

        10SD 18.8 

                 LOD = mean + 3SD 

                           = 1.97 + 5.64   = 7.61  (ppb) 

estimate LOQ   =  mean + 10SD 

                           = 1.97+18.8    =  20.8  (ppb) 
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.2.2  (LOQ) 

 20  1 

 (%recovery)  (%RSD)  

  Rr = 1.16Rc + - 0.0185 ( r = 0.9998) 

                                                               Slope = 1.16

                                                          Intercept = -0.0185 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

%Rec

Blank_1 (no SPE)   400  13200 811000 0.0163 0.0300    

Blank_2 (no SPE)   400  7470 875000 0.0085 0.0233    

Blank_3 (no SPE)   400  6080 897000 0.0068 0.0218    

Blank_4 (no SPE)   400  9530 958000 0.0099 0.0245 

0.0249

   

corn no.1-10   (from LOD) mean 1.97 

corn +std 20 ng 

 no. 1 (no SPE) 1.0485 400 382 46100 593000 0.0777 0.0830  0.0581 22.2 106.1 

corn +std 20 ng 

 no. 2 (no SPE) 1.0422 400 384 39900 598000 0.0667 0.0735  0.0486 18.7 87.2 

corn +std 20 ng 

 no. 3 (no SPE) 1.0563 400 379 46700 595000 0.0785 0.0836  0.0587 22.2 106.8 

corn +std 20 ng 

 no. 4 (no SPE) 1.0372 400 386 41800 628000 0.0666 0.0733  0.0484 18.7 86.8 

corn +std 20 ng 

 no. 5 (no SPE) 1.0154 400 394 44700 643000 0.0695 0.0759  0.0510 20.1 92.0 

corn +std 20 ng 

 no. 6 (no SPE) 1.0101 400 396 43900 610000 0.0720 0.0780  0.0531 21.0 96.1 

corn +std 20 ng 

 no. 7 (no SPE) 1.0210 400 392 47300 599000 0.0790 0.0840  0.0591 23.2 108.4 

        mean 20.9 97.6

        SD 1.8 9.4

        %RSD 8.6 9.6

 ( .) 

  LOQ  20.0  (ppb) 
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.3

.3.1  (LOD) 

                        sample blank

 (mean)  (SD) 

  Rr = 1.16 Rc + - 0.0133  ( r = 0.9998) 

                                                          Slope = 1.16

                                                     Intercept = -0.0133 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1  (no SPE)   400   16100 1290000 0.0125 0.0222   

Blank_2 (no SPE)   400   8950 1140000 0.0079 0.0182   

Blank_3 (no SPE)   400   29800 1680000 0.0177 0.0268   

Blank_4 (no SPE)   400   10100 1550000 0.0065 0.0171 0.0211

potato no. 1  (no SPE) 1.0822 400 370 14600 940000 0.0155 0.0249  0.0038 1.41 

potato no. 2  (no SPE) 1.0026 400 399 10600 832000 0.0127 0.0224  0.0013 0.52 

potato no. 3 (no SPE) 1.1001 400 364 9000 826000 0.0109 0.0209  0.0000 0.00 

potato no. 4  (no SPE) 1.1052 400 362 16400 795000 0.0206 0.0292  0.0081 2.93 

potato no. 5 (no SPE) 1.0560 400 379 14200 802000 0.0177 0.0267  0.0056 2.12 

potato no. 6 (no SPE) 1.1093 400 361 0 681000 0.0000 0.0115  0.0000 0.00 

potato no. 7 (no SPE) 1.0248 400 390 15300 738000 0.0207 0.0293  0.0082 3.20 

potato no. 8 (no SPE)  1.0989 400 364 19000 746000 0.0255 0.0334  0.0123 4.48 

potato no. 9 (no SPE) 1.1712 400 342 6190 723000 0.0086 0.0188  0.0000 0.00 

        mean 1.63 

        SD 1.65 

        3SD 4.95 

        10SD 16.5 

LOD = mean + 3SD 

                          = 1.63 + 4.95   = 6.58  (ppb) 

estimate LOQ   =  mean + 10SD 

                           = 1.63+16.5 =  18.1  (ppb) 
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.3.2  (LOQ) 

 20   1

 (%recovery)  (%RSD)  

  Rr = 1.16Rc + - 0.0133 ( r = 0.9998) 

                                                          Slope = 1.16

                                                     Intercept = -0.0133 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

%Rec

Blank_1    400   16100 1290000 0.0125 0.0222    

Blank_2   400   8950 1140000 0.0079 0.0182    

Blank_3   400   30400 1680000 0.0181 0.0271    

Blank_4   400   10100 1550000 0.0065 0.0171 0.0212    

potato no.1-9   (from LOD) mean 1.63 

potato +std 20 ng 

 no. 1 (no SPE) 1.0327 400 387 48700 829000 0.0587 0.0621  0.0409 15.8 73.2 

potato +std 20 ng 

 no. 2 (no SPE) 1.0719 400 373 54700 879000 0.0622 0.0651  0.0439 16.4 79.2 

potato +std 20 ng 

 no. 3 (no SPE) 1.0167 400 393 53900 886000 0.0608 0.0639  0.0427 16.8 77.1 

potato +std 20 ng 

 no. 4 (no SPE) 1.0570 400 378 59300 829000 0.0715 0.0731  0.0519 19.6 95.0 

potato +std 20 ng 

 no. 5 (no SPE) 1.0574 400 378 55000 732000 0.0751 0.0762  0.0550 20.8 101.4 

potato +std 20 ng 

 no. 6 (no SPE) 1.0013 400 400 54600 778000 0.0702 0.0720  0.0508 20.3 93.5 

potato +std 20 ng 

 no. 7 (no SPE) 1.0399 400 385 53800 819000 0.0657 0.0681  0.0469 18.1 85.6 

        mean 18.3 86.4

        SD 2.0 10.5

        %RSD 10.9 12.2

 ( .) 

  LOQ  20.0  (ppb) 
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.4

.4.1  (LOD) 

 sample blank  

 (mean)  (SD) 

  Rr = 1.11 Rc + - 0.023 ( r = 0.9996) 

                                                          Slope = 1.11

                                                     Intercept = -0.023 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1 (no SPE)   400   8570 1130000 0.0076 0.0276   

Blank_2 (no SPE)   400   10700 1160000 0.0092 0.0290   

Blank_3 (no SPE)   400   8950 1260000 0.0071 0.0271 0.0279

peanut no. 1 (no SPE) 1.0553 400 379 44500 1780000 0.0250 0.0432  0.0153 5.80 

peanut no. 2 (no SPE) 1.0313 400 388 31100 1320000 0.0236 0.0419  0.0140 5.43 

peanut no. 3 (no SPE) 1.0208 400 392 7030 498000 0.0141 0.0334  0.0055 2.16 

peanut no. 4 (no SPE) 1.0717 400 373 15400 591000 0.0261 0.0442  0.0163 6.08 

peanut no. 5 (no SPE) 1.0680 400 375 22300 534000 0.0418 0.0583  0.0304 11.4 

peanut no. 6 (no SPE) 1.0300 400 388 12400 537000 0.0231 0.0415  0.0136 5.28 

peanut no. 7 (no SPE) 1.0242 400 391 15600 565000 0.0276 0.0456  0.0177 6.92 

peanut no. 8 (no SPE) 1.0248 400 390 10200 555000 0.0184 0.0373  0.0094 3.67 

peanut no. 9 (no SPE) 1.0812 400 370 18800 585000 0.0321 0.0497  0.0218 8.07 

peanut no. 10 (no SPE) 1.0246 400 390 10100 546000 0.0185 0.0374  0.0095 3.71 

        mean 5.85 

        SD 2.59 

        3SD 7.77 

        10SD 25.9 

LOD = mean + 3SD 

                             = 5.85 + 7.77   = 13.62  (ppb) 

estimated LOQ   =  mean + 10SD 

                           = 5.85 + 25.9 =  31.8  (ppb) 
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.4.2  (LOQ) 

 30   1  

 (%recovery)  (%RSD)  

  Rr = 1.12 Rc + - 0.0181  ( r = 0.9998) 

                                                           Slope = 1.12

                                                      Intercept = -0.0181 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc sample 

– Rc blank 

AA

(ng/g) 

%Rec

Blank_1 (no SPE)   400   8990 1340000 0.0067 0.0224    

peanut no. 1 (no SPE) 1.0260 400 390 37800 1530000 0.0247 0.0386 0.0162 6.32  

peanut no. 2 (no SPE) 1.0690 400 374 32800 1020000 0.0322 0.0453 0.0229 8.56  

peanut no. 3 (no SPE) 1.0334 400 387 28800 1100000 0.0262 0.0399 0.0175 6.77  

        mean 7.22 

peanut +std 30 ng 

 no. 1 (no SPE) 1.0688 400 374 108000 954000 0.1132 0.1183 0.0959 35.9 102.2 

peanut +std 30 ng 

 no. 2 (no SPE) 1.0581 400 378 101000 960000 0.1052 0.1111 0.0887 33.5 92.7 

peanut +std 30 ng 

 no. 3 (no SPE) 1.0110 400 396 101000 977000 0.1034 0.1094 0.0870 34.5 91.9 

peanut +std 30 ng 

 no. 4 (no SPE) 1.0134 400 395 99300 901000 0.1102 0.1156 0.0932 36.8 99.9 

peanut +std 30 ng 

 no. 5 (no SPE) 1.0174 400 393 94900 820000 0.1157 0.1206 0.0982 38.6 106.4 

peanut +std 30 ng 

 no. 6 (no SPE) 1.0221 400 391 115000 995000 0.1156 0.1204 0.0980 38.3 105.9 

peanut +std 30 ng 

 no. 7 (no SPE) 1.0396 400 385 95100 845000 0.1125 0.1177 0.0953 36.7 102.1 

peanut +std 30 ng 

 no. 8 (no SPE) 1.0423 400 384 93500 790000 0.1184 0.1229 0.1005 38.6 109.0 

        mean 36.6 101.3

        SD 1.9 6.2

        %RSD 5.2 6.1

 ( .) 

  LOQ  30.0  (ppb) 
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.5

.5.1  (LOD) 

                        sample blank

 (mean)  (SD) 

  Rr = 1.11 Rc +  0.000271 ( r = 0.9997) 

                                                           Slope = 1.11

                                                       Intercept = 0.000271 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1  (no SPE)   400   8530 1390000 0.0061 0.0053   

Blank_2  (no SPE)   400   8070 1330000 0.0061 0.0052   

Blank_3  (no SPE)   400   13800 1760000 0.0078 0.0068 0.0058

banana no. 1   (no SPE) 1.0378 400 385 6180 1200000 0.0052 0.0044  0.0000 0.00 

banana no. 2 (no SPE) 1.0688 400 374 7820 949000 0.0082 0.0072  0.0014 0.52 

banana no. 3  (no SPE) 1.0229 400 391 3000 1100000 0.0027 0.0022  0.0000 0.00 

banana no. 4  (no SPE) 1.0782 400 371 7750 1240000 0.0063 0.0054  0.0000 0.00 

banana no. 5  (no SPE) 1.0663 400 375 13000 1310000 0.0099 0.0087  0.0029 1.09 

banana no. 6  (no SPE) 1.0473 400 382 8240 1290000 0.0064 0.0055  0.0000 0.00 

banana no. 7  (no SPE) 1.0710 400 374 3840 864000 0.0044 0.0038  0.0000 0.00 

banana no. 8 (no SPE)  1.0449 400 383 8400 1350000 0.0062 0.0054  0.0000 0.00 

banana no. 9  (no SPE) 1.0734 400 373 4460 932000 0.0048 0.0041  0.0000 0.00 

banana no. 10  (no SPE) 1.0368 400 386 5030 1010000 0.0050 0.0042  0.0000 0.00 

        mean 0.16 

        SD 0.37 

        3SD 1.11 

        10SD 3.70 

LOD = mean + 3SD 

                               = 0.16 + 1.11   = 1.27  (ppb) 

estimated LOQ   =  mean + 10SD 

                             = 0.16 + 3.70 =  3.86  (ppb) 
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.5.2  (LOQ) 

 20   1 

 (%recovery)  (%RSD)  

  Rr = 1.11Rc + 0.000271 ( r = 0.9997) 

                                                            Slope = 1.11 

                                                       Intercept = 0.000271 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

%Rec

Blank_1    400   8530 1390000 0.0061 0.0053    

Blank_2   400   8070 1330000 0.0061 0.0052    

Blank_3   400   13800 1760000 0.0078 0.0068 0.0058    

banana no.1-10  (from LOD) mean 0.16 

banana +std 20 ng 

 no. 1 (no SPE) 1.0838 400 369 58100 1030000 0.0564 0.0506  0.0448 16.5 88.5 

banana +std 20 ng 

 no. 2 (no SPE) 1.0632 400 376 52100 953000 0.0547 0.0490  0.0432 16.2 85.3 

banana +std 20 ng 

 no. 3 (no SPE) 1.0053 400 398 56900 1010000 0.0563 0.0505  0.0447 17.8 88.7 

banana +std 20 ng 

 no. 4 (no SPE) 1.0080 400 397 52400 1010000 0.0519 0.0465  0.0407 16.2 80.8 

banana +std 20 ng 

 no. 5 (no SPE) 1.0595 400 378 60700 975000 0.0623 0.0558  0.0500 18.9 99.3 

banana +std 20 ng 

 no. 6 (no SPE) 1.0319 400 388 59000 1070000 0.0551 0.0494  0.0436 16.9 86.4 

banana +std 20 ng 

 no. 7 (no SPE) 1.0045 400 398 59400 993000 0.0598 0.0536  0.0478 19.0 94.6 

banana +std 20 ng 

 no. 8 (no SPE) 1.0247 400 390 58100 1010000 0.0575 0.0516  0.0458 17.9 90.9 

banana +std 20 ng 

 no. 9 (no SPE) 1.0506 400 381 49300 1020000 0.0483 0.0433  0.0375 14.3 74.3 

banana +std 20 ng 

 no. 10 (no SPE) 1.0555 400 379 55300 987000 0.0560 0.0502  0.0444 16.8 87.8 

        mean 17.0 87.7

        SD 1.4 6.9

        %RSD 8.2 7.9

 ( .) 

  LOQ  20.0  (ppb) 
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.6

.6.1  (LOD) 

                        sample blank  

 (mean)  (SD) 

  Rr = 1.12 Rc +  - 0.00181 ( r = 0.9998) 

                                                           Slope = 1.12

                                                      Intercept = -0.00181 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc sample – Rc 

blank

AA

(ng/g) 

Blank_1 (no SPE)   400   8990 1340000 0.0067 0.0222   

bread no. 1 (no SPE) 1.0800 400 370 13800 814000 0.0170 0.0313 0.0091 3.37 

bread no. 2 (no SPE) 1.0460 400 382 9590 809000 0.0119 0.0267 0.0045 1.72 

bread no. 3 (no SPE) 1.0323 400 388 6600 820000 0.0080 0.0233 0.0011 0.43 

bread no. 4 (no SPE) 1.0722 400 373 9580 813000 0.0118 0.0267 0.0045 1.68 

bread no. 5 (no SPE) 1.0331 400 387 10300 831000 0.0124 0.0272 0.0050 1.94 

bread no. 6 (no SPE) 1.0080 400 397 11100 991000 0.0112 0.0262 0.0040 1.59 

bread no. 7 (no SPE) 1.0649 400 376 17100 847000 0.0202 0.0342 0.0120 4.51 

bread no. 8 (no SPE) 1.0507 400 381 10100 817000 0.0124 0.0272 0.0050 1.91 

bread no. 9 (no SPE) 1.0385 400 385 12800 763000 0.0168 0.0311 0.0089 3.43 

bread no. 10 (no SPE) 1.0719 400 373 11100 791000 0.0140 0.0287 0.0065 2.42 

        mean 2.30 

        SD 1.17 

        3SD 3.51 

        10SD 11.7 

LOD = mean + 3SD 

                        = 2.30 + 3.51   = 5.81  (ppb) 

estimated LOQ   =  mean + 10SD 

                           = 2.30 + 11.7 =  14.0  (ppb) 
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.6.2  (LOQ) 

 20   1 

 (%recovery)  (%RSD)  

  Rr = 1.02Rc + 0.0134 ( r = 0.9993)

                                                        Slope = 1.02

                                                   Intercept = 0.0134 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1 (no SPE)   400   18900 1500000 0.0126 0.0000    

Blank_2 (no SPE)   400   16400 1570000 0.0104 0.0000    

Blank_3(no SPE)   400   8500 1940000 0.0044 0.0000    

Blank_4 (no SPE)   400   11100 1520000 0.0073 0.0000 0.0000    

bread  no. 1 (no SPE) 1.0189 400 393 23200 1720000 0.0135 0.0001  0.0001 0.04 

bread  no. 2 (no SPE) 1.0057 400 398 19500 988000 0.0197 0.0062  0.0062 2.47 

bread  no. 3 (no SPE) 1.0671 400 375 10800 1020000 0.0106 0.0000  0.0000 0.00 

bread  no. 4 (no SPE) 1.0016 400 399 12300 924000 0.0133 0.0000  0.0000 0.00 

        mean 0.63 

bread +std 20 ng   

no. 1 (no SPE) 1.0366 400 386 76800 1180000 0.0651 0.0507  0.0507 19.6 98.3 

bread +std 20 ng  

 no. 2 (no SPE) 1.0433 400 383 48100 844000 0.0570 0.0427  0.0427 16.4 82.3 

bread +std 20 ng  

no. 3 (no SPE) 1.0261 400 390 55900 884000 0.0632 0.0489  0.0489 19.1 94.8 

bread +std 20 ng  

 no. 4 (no SPE) 1.0094 400 396 46700 862000 0.0542 0.0400  0.0400 15.8 76.6 

bread +std 20 ng 

 no. 5 (no SPE) 1.0402 400 385 50000 850000 0.0588 0.0445  0.0445 17.1 85.7 

bread +std 20 ng  

 no. 6 (no SPE) 1.0323 400 388 55800 911000 0.0613 0.0469  0.0469 18.2 90.7 

bread +std 20 ng  

 no. 7 (no SPE) 1.0715 400 373 49100 851000 0.0577 0.0434  0.0434 16.2 83.4 

bread +std 20 ng 

 no. 8 (no SPE) 1.0846 400 369 49700 844000 0.0589 0.0446  0.0446 16.5 86.1 

bread +std 20 ng  

 no. 9 (no SPE) 1.0778 400 371 49700 858000 0.0579 0.0437  0.0437 16.2 83.9 

        mean 17.2 86.9

        SD 1.4 6.7

        %RSD 8.1 7.7

 ( .) 

  LOQ  20.0  (ppb) 
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.7

.7.1  (LOD) 

 sample blank

 (mean)  (SD) 

  Rr = 1.01 Rc +  0.0165 ( r = 0.9998) 

                                                            Slope = 1.01

                                                       Intercept = 0.0165 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1  ( SPE_MCX)   400   2920 731000 0.0040 0.0000   

Blank_2 (SPE_MCX)   400   5180 728000 0.0071 0.0000   

Blank_3  (SPE_MCX)   400   4960 404000 0.0123 0.0000 0.0000 

coffee no. 1 (SPE_MCX) 1.0085 400 397 14900 651000 0.0229 0.0063  0.0063 2.50 

coffee no. 2 (SPE_MCX) 1.0081 400 397 16600 651000 0.0255 0.0089  0.0089 3.53 

coffee no. 3 (SPE_MCX) 1.0049 400 398 11600 547000 0.0212 0.0047  0.0047 1.87 

coffee no. 4 (SPE_MCX) 1.0000 400 400 5190 539000 0.0096 0.0000  0.0000 0.00 

coffee no. 5 (SPE_MCX) 1.0086 400 397 14600 543000 0.0269 0.0103  0.0103 4.09 

coffee no. 6 (SPE_MCX) 1.0042 400 398 6840 522000 0.0131 0.0000  0.0000 0.00 

coffee no. 7 (SPE_MCX) 1.0022 400 399 6920 521000 0.0133 0.0000  0.0000 0.00 

        mean 1.71 

        SD 1.75 

        3SD 5.25 

        10SD 17.5 

LOD = mean + 3SD 

                             = 1.71 + 5.25   = 6.96  (ppb) 

estimated LOQ   =  mean + 10SD 

                           = 1.71 + 17.5 =  19.2  (ppb) 
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.7.2  (LOQ) 

 20  1 

 (%recovery)  (%RSD)  

  Rr = 1.01Rc + 0.0165 ( r = 0.9998) 

                                                            Slope = 1.01 

                                                       Intercept = 0.0165 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1    400   2920 731000 0.0040 0.0000    

Blank_2   400   5180 728000 0.0071 0.0000    

Blank_3   400   4960 404000 0.0123 0.0000 0.0000    

coffee no.1-7 (from LOD) mean 1.71 

coffee +std 20 ng 

 no. 1 ( SPE_MCX) 1.0027 400 399 33800 573000 0.0590 0.0421  0.0421 16.8 75.7 

coffee +std 20 ng 

 no. 2 ( SPE_MCX) 1.0070 400 397 37800 550000 0.0687 0.0517  0.0517 20.5 94.6 

coffee +std 20 ng 

 no. 3 ( SPE_MCX) 1.0002 400 400 17600 290000 0.0607 0.0438  0.0438 17.5 79.0 

coffee +std 20 ng 

 no. 4 ( SPE_MCX) 1.0093 400 396 39900 654000 0.0610 0.0441  0.0441 17.5 79.7 

coffee +std 20 ng 

 no. 5 ( SPE_MCX) 1.0006 400 400 40500 677000 0.0598 0.0429  0.0429 17.2 77.5 

coffee +std 20 ng 

 no. 6 ( SPE_MCX) 1.0006 400 400 46400 648000 0.0716 0.0546  0.0546 21.8 100.5

coffee +std 20 ng 

 no. 7 ( SPE_MCX) 1.0099 400 396 44400 680000 0.0653 0.0483  0.0483 19.1 87.8 

        mean 18.6 85.0

        SD 1.9 9.5

        %RSD 10.2 11.2

 ( .) 

  LOQ  20.0  (ppb) 

.



.

.1

.1.1  400 

 400  1 

 (%recovery)  (%RSD)  

  Rr = 1.03 Rc + - 0.00378  ( r = 0.9997) 

                                                                  Slope = 1.03 ,   Intercept = -0.00378 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample – 

Rc blank 

AA

(ng/g)

%Rec

Blank_1 (no SPE)  400  14300 1300000 0.0110 0.0143   

Blank_2 (no SPE)  400  14900 1380000 0.0108 0.0142   

Blank_3 (no SPE)  400  20600 1690000 0.0122 0.0155   

Blank_4 (no SPE)  400  17400 1690000 0.0103 0.0137 

0.0144

rice no.1 (no_SPE) 1.0176 400 393 14700 1070000 0.0137 0.0170  0.0026 1.02 

rice no.2 (no_SPE) 1.0504 400 381 12000 1290000 0.0093 0.0127  0.0000 0.00 

rice no. 3 (no_SPE) 1.0546 400 379 14100 1200000 0.0118 0.0151  0.0007 0.27 

        mean 0.43 

rice +std 400 ng  no. 1  1.0136 400 395 970000 938000 1.0341 1.0077  0.9933 392 99.2 

rice +std 400 ng no. 2  1.0317 400 388 981000 959000 1.0229 0.9968  0.9824 381 98.2 

rice +std 400 ng  no. 3  1.0196 400 392 854000 844000 1.0118 0.9860  0.9716 381 97.0 

rice +std 400 ng no. 4  1.0009 400 400 878000 841000 1.0440 1.0173  1.0029 401 100.2 

rice +std 400 ng no. 5  1.0225 400 391 911000 904000 1.0077 0.9821  0.9677 378 96.5 

rice +std 400 ng no. 6  1.0416 400 384 1140000 1150000 0.9913 0.9661  0.9517 366 95.2 

rice +std 400 ng no. 7  1.0476 400 382 1160000 1210000 0.9587 0.9344  0.9200 351 91.8 

rice +std 400 ng no. 8  1.0304 400 388 1010000 1010000 1.0000 0.9745  0.9601 373 96.0 

rice +std 400 ng no. 9  1.0120 400 395 1050000 1040000 1.0096 0.9839  0.9695 383 96.8 

rice +std 400 ng no. 10  1.0118 400 395 1010000 1020000 0.9902 0.9650  0.9506 375 94.7 

        mean 378 96.6

        SD 14 2.4

        %RSD 3.7 2.5

 ( .)
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.1.2  800 

 800  1 

 (%recovery)  (%RSD)  

  Rr = 1.03 Rc + - 0.00378  ( r = 0.9997) 

                                                            Slope = 1.03

                                                       Intercept = -0.00378 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample – 

Rc blank 

AA

(ng/g)

%Rec

Blank_1 (no SPE)  400  14300 1300000 0.0110 0.0143   

Blank_2 (no SPE)  400  14900 1380000 0.0108 0.0142   

Blank_3 (no SPE)  400  20600 1690000 0.0122 0.0155   

Blank_4 (no SPE)  400  17400 1690000 0.0103 0.0137 

0.0144 

rice no.1 (no_SPE) 1.0176 400 393 14700 1070000 0.0137 0.0170  0.0026 1.02 

rice no.2 (no_SPE) 1.0504 400 381 12000 1290000 0.0093 0.0127  0.0000 0.00 

rice no. 3 (no_SPE) 1.0546 400 379 14100 1200000 0.0118 0.0151  0.0007 0.27 

         mean 0.43 

rice +std 800 ng  no. 1  1.0001 400 400 2360000 1170000 2.0171 1.9620  1.9476 779 97.3 

rice +std 800 ng  no. 2 1.0555 400 379 2390000 1220000 1.9590 1.9056  1.8912 717 94.5 

rice +std 800 ng  no. 3 1.0102 400 396 1900000 956000 1.9874 1.9332  1.9188 760 95.9 

rice +std 800 ng  no. 4 1.0081 400 397 1800000 894000 2.0134 1.9584  1.9440 772 97.2 

rice +std 800 ng  no. 5 1.0219 400 391 1960000 980000 2.0000 1.9454  1.9310 755 96.4 

rice +std 800 ng  no. 6  1.0537 400 380 2210000 1060000 2.0849 2.0279  2.0135 765 100.7

rice +std 800 ng  no. 7 1.0101 400 396 2390000 1180000 2.0254 1.9701  1.9557 774 97.7 

rice +std 800 ng  no. 8 1.0210 400 392 1700000 840000 2.0238 1.9685  1.9541 766 97.7 

rice +std 800 ng  no. 9  1.0669 400 375 1890000 921000 2.0521 1.9960  1.9816 743 99.0 

rice +std 800 ng  no. 10 1.0262 400 390 1720000 827000 2.0798 2.0229  2.0085 783 100.4

        mean 761 97.7

        SD 20 1.9

        %RSD 2.6 1.9

 ( .)
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.2

.2.1  400 

 400  1 

 (%recovery)  (%RSD)  

  Rr = 1.16Rc + - 0.0185 ( r = 0.9998) 

                                                            Slope = 1.16 ,   Intercept = -0.0185 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1 (no SPE)   400   13200 811000 0.0163 0.0300    

Blank_2 (no SPE)   400   7470 875000 0.0085 0.0233    

Blank_3 (no SPE)   400   6080 897000 0.0068 0.0218    

Blank_4 (no SPE)   400   9530 958000 0.0099 0.0245 

0.0249

   

corn no.1-10   (from LOD) mean 1.97 

corn +std 400 ng 

 no. 1 (no SPE) 1.0043 400 398 757000 653000 1.1593 1.0153  0.9904 394 98.4 

corn +std 400 ng 

 no. 2 (no SPE) 1.0148 400 394 661000 583000 1.1338 0.9934  0.9685 382 96.4 

corn +std 400 ng 

 no. 3 (no SPE) 1.0106 400 396 714000 644000 1.1087 0.9717  0.9468 375 94.2 

corn +std 400 ng 

 no. 4 (no SPE) 1.0186 400 393 729000 647000 1.1267 0.9873  0.9624 378 95.8 

corn +std 400 ng 

 no. 5 (no SPE) 1.0118 400 395 717000 638000 1.1238 0.9848  0.9599 379 95.4 

corn +std 400 ng 

 no. 6 (no SPE) 1.0160 400 394 754000 691000 1.0912 0.9566  0.9317 367 92.7 

corn +std 400 ng 

 no. 7 (no SPE) 1.0158 400 394 735000 669000 1.0987 0.9631  0.9382 370 93.5 

corn +std 400 ng 

 no. 8 (no SPE) 1.0527 400 380 719000 647000 1.1113 0.9740  0.9491 361 94.5 

corn +std 400 ng 

 no. 9 (no SPE) 1.0617 400 377 771000 642000 1.2009 1.0512  1.0263 387 102.2

corn +std 400 ng 

 no. 10 (no SPE) 1.0557 400 379 742000 661000 1.1225 0.9837  0.9588 363 95.3 

        mean 376 95.8

        SD 11 2.7

        %RSD 2.9 2.8

 ( .)
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.2.2  800 

 800  1 

 (%recovery)  (%RSD) 

  Rr = 1.16Rc + - 0.0185 ( r = 0.9998) 

                                            Slope = 1.16

                                            Intercept = -0.0185 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1 (no SPE)   400   13200 811000 0.0163 0.0300    

Blank_2 (no SPE)   400   7470 875000 0.0085 0.0233    

Blank_3 (no SPE)   400   6080 897000 0.0068 0.0218    

Blank_4 (no SPE)   400   9530 958000 0.0099 0.0245 

0.0249

   

corn no.1-10   (from LOD) mean 1.97 

corn +std 800 ng 

 no. 1 (no SPE) 1.0551 400 379 1440000 639000 2.2535 1.9586  1.9337 733 96.4 

corn +std 800 ng 

 no. 2 (no SPE) 1.0713 400 373 1320000 570000 2.3158 2.0123  1.9874 741 99.0 

corn +std 800 ng 

 no. 3 (no SPE) 1.0183 400 393 1530000 671000 2.2802 1.9816  1.9567 769 97.6 

corn +std 800 ng 

 no. 4 (no SPE) 1.0865 400 368 1390000 610000 2.2787 1.9803  1.9554 720 97.5 

corn +std 800 ng 

 no. 5 (no SPE) 1.0101 400 396 1520000 632000 2.4051 2.0893  2.0644 818 103.0

corn +std 800 ng 

 no. 6 (no SPE) 1.0607 400 377 1510000 674000 2.2404 1.9473  1.9224 725 95.9 

corn +std 800 ng 

 no. 7 (no SPE) 1.0818 400 370 1490000 665000 2.2406 1.9475  1.9226 711 95.9 

corn +std 800 ng 

 no. 8 (no SPE) 1.0379 400 385 1500000 660000 2.2727 1.9752  1.9503 751 97.2 

corn +std 800 ng 

 no. 9 (no SPE) 1.0758 400 372 1470000 658000 2.2340 1.9418  1.9169 713 95.6 

corn +std 800 ng 

 no. 10 (no SPE) 1.0498 400 381 1490000 679000 2.1944 1.9077  1.8828 717 93.8 

        mean 740 97.2

        SD 33 2.5

        %RSD 4.5 2.6

 ( .)
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.3

.3.1  400 

 400  1 

 (%recovery)  (%RSD) 

  Rr = 1.16Rc + - 0.0133 ( r = 0.9998) 

                                                              Slope = 1.16 ,   Intercept = -0.0133 

Sample Wt 

 (g)

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55

Peak area 

m/z 75/58

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1    400   16100 1290000 0.0125 0.0222    

Blank_2   400   8950 1140000 0.0079 0.0182    

Blank_3   400   30400 1680000 0.0181 0.0271    

Blank_4   400   10100 1550000 0.0065 0.0171 0.0212    

potato no.1-9   (from LOD) mean 1.63 

potato +std 400 ng 

 no. 1 (no SPE) 1.0547 400 379 818000 737000 1.1099 0.9683  0.9471 359 94.2 

potato +std 400 ng 

 no. 2 (no SPE) 1.0497 400 381 698000 660000 1.0576 0.9232  0.9020 344 89.8 

potato +std 400 ng 

 no. 3 (no SPE) 1.0337 400 387 711000 638000 1.1144 0.9722  0.9510 368 94.7 

potato +std 400 ng 

 no. 4 (no SPE) 1.0403 400 384 701000 618000 1.1343 0.9893  0.9681 372 96.3 

potato +std 400 ng 

 no. 5 (no SPE) 1.0521 400 380 670000 607000 1.1038 0.9630  0.9418 358 93.7 

potato +std 400 ng 

 no. 6 (no SPE) 1.0588 400 378 807000 719000 1.1224 0.9790  0.9578 362 95.4 

potato +std 400 ng 

 no. 7 (no SPE) 1.0625 400 376 767000 690000 1.1116 0.9697  0.9485 357 94.4 

potato +std 400 ng 

 no. 8 (no SPE) 1.0799 400 370 725000 637000 1.1381 0.9926  0.9714 359 96.5 

potato +std 400 ng 

 no. 9 (no SPE) 1.0136 400 395 763000 651000 1.1720 1.0218  1.0006 395 99.7 

potato +std 400 ng 

 no. 10 (no SPE) 1.0074 400 397 734000 608000 1.2072 1.0522  1.0310 409 102.6

        mean 368 95.7

        SD 20 3.5

        %RSD 5.4 3.7

 ( .)
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.3.2  800 

 800  1 

 (%recovery)  (%RSD) 

  Rr = 1.16Rc + - 0.0133 ( r = 0.9998) 

                                                            Slope = 1.16

                                                        Intercept = -0.0133 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1    400   16100 1290000 0.0125 0.0222    

Blank_2   400   8950 1140000 0.0079 0.0182    

Blank_3   400   30400 1680000 0.0181 0.0271    

Blank_4   400   10100 1550000 0.0065 0.0171 0.0212    

potato no.1-9   (from LOD) mean 1.63 

potato +std 800 ng 

 no. 1 (no SPE) 1.0416 400 384 1780000 781000 2.2791 1.9762  1.9550 751 97.6 

potato +std 800 ng 

 no. 2 (no SPE) 1.0664 400 375 1430000 625000 2.2880 1.9839  1.9627 736 97.9 

potato +std 800 ng 

 no. 3 (no SPE) 1.0347 400 387 1470000 640000 2.2969 1.9915  1.9703 763 98.5 

potato +std 800 ng 

 no. 4 (no SPE) 1.0559 400 379 1470000 648000 2.2685 1.9671  1.9459 738 97.2 

potato +std 800 ng 

 no. 5 (no SPE) 1.0193 400 392 1320000 602000 2.1927 1.9017  1.8805 737 93.7 

potato +std 800 ng 

 no. 6 (no SPE) 1.0603 400 377 1610000 702000 2.2934 1.9886  1.9674 742 98.1 

potato +std 800 ng 

 no. 7 (no SPE) 1.0694 400 374 1450000 640000 2.2656 1.9646  1.9434 727 97.0 

potato +std 800 ng 

 no. 8 (no SPE) 1.0177 400 393 1490000 658000 2.2644 1.9636  1.9424 763 96.9 

potato +std 800 ng 

 no. 9 (no SPE) 1.0049 400 398 1360000 598000 2.2742 1.9720  1.9508 776 97.3 

potato +std 800 ng 

 no. 10 (no SPE) 1.0174 400 393 1430000 649000 2.2034 1.9109  1.8897 743 94.3 

        mean 748 96.8

        SD 15 1.6

        %RSD 2.0 1.7

 ( .)
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.4

.4.1  400 

400  1 

(%recovery)  (%RSD) 

  Rr = 1.11 Rc + - 0.023  ( r = 0.9996) 

                                                            Slope = 1.11

                                                       Intercept = -0.023 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc sample 

– Rc blank 

AA

(ng/g)

%Rec

Blank_1 (no SPE)   400   8570 1130000 0.0076 0.0276   

Blank_2 (no SPE)  400   10700 1160000 0.0092 0.0290   

Blank_3 (no SPE)  400   8950 1260000 0.0071 0.0271 

0.0279

peanut  no. 1-10 (from LOD) mean 5.85 

peanut +std 400 ng 

 no. 1 (no SPE) 1.0555 400 379 754000 763000 0.9882 0.9110 0.8831 335 86.9 

peanut +std 400 ng 

 no. 2 (no SPE) 1.0456 400 383 1120000 914000 1.2254 1.1247 1.0968 420 108.3

peanut +std 400 ng 

 no. 3 (no SPE) 1.0482 400 382 600000 620000 0.9677 0.8926 0.8647 330 84.9 

peanut +std 400 ng 

 no. 4 (no SPE) 1.0467 400 382 647000 605000 1.0694 0.9842 0.9563 365 94.0 

peanut +std 400 ng 

 no. 5 (no SPE) 1.0544 400 379 966000 805000 1.2000 1.1018 1.0739 407 105.7

peanut +std 400 ng 

 no. 6 (no SPE) 1.0450 400 383 914000 811000 1.1270 1.0360 1.0081 386 99.3 

peanut +std 400 ng 

 no. 7 (no SPE) 1.0436 400 383 663000 616000 1.0763 0.9904 0.9625 369 94.7 

peanut +std 400 ng 

 no. 8  (no SPE) 1.0430 400 384 995000 797000 1.2484 1.1454 1.1175 429 110.3

peanut +std 400 ng 

 no. 9 (no SPE) 1.0495 400 381 1140000 995000 1.1457 1.0529 1.0250 391 101.1

peanut +std 400 ng 

 no. 10 (no SPE) 1.0619 400 377 1110000 977000 1.1361 1.0443 1.0164 383 100.1

      mean 382 98.5

      SD 33 8.5

        %RSD 8.6 8.6

 ( .)
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.4.2  800 

 800  1 

 (%recovery)  (%RSD)

  Rr = 1.11 Rc + - 0.023  ( r = 0.9996) 

                                                         Slope = 1.11

                                                   Intercept = -0.023 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc sample 

– Rc blank 

AA

(ng/g)

%Rec

Blank_1 (no SPE)   400   8570 1130000 0.0076 0.0276   

Blank_2 (no SPE)  400   10700 1160000 0.0092 0.0290   

Blank_3 (no SPE)  400   8950 1260000 0.0071 0.0271 

0.0279

peanut  no. 1-10 (from LOD) mean 5.85 

peanut +std 800 ng 

 no. 1 (no SPE) 1.0677 400 375 1610000 781000 2.0615 1.8779 1.8500 694 91.8 

peanut +std 800 ng 

 no. 2 (no SPE) 1.0567 400 379 2430000 1050000 2.3143 2.1057 2.0778 788 103.3

peanut +std 800 ng 

 no. 3 (no SPE) 1.0481 400 382 2260000 976000 2.3156 2.1068 2.0789 794 103.3

peanut +std 800 ng 

 no. 4 (no SPE) 1.0532 400 380 2140000 870000 2.4598 2.2367 2.2088 839 109.7

peanut +std 800 ng 

 no. 5 (no SPE) 1.0402 400 385 1440000 641000 2.2465 2.0446 2.0167 776 100.1

peanut +std 800 ng 

 no. 6 (no SPE) 1.0570 400 378 1840000 800000 2.3000 2.0928 2.0649 781 102.4

peanut +std 800 ng 

 no. 7 (no SPE) 1.0440 400 383 2360000 977000 2.4156 2.1969 2.1690 831 107.7

peanut +std 800 ng 

 no. 8  (no SPE) 1.0416 400 384 2080000 894000 2.3266 2.1168 2.0889 802 103.7

peanut +std 800 ng 

 no. 9 (no SPE) 1.0582 400 378 1830000 772000 2.3705 2.1563 2.1284 805 105.7

peanut +std 800 ng 

 no. 10 (no SPE) 1.0406 400 384 1490000 653000 2.2818 2.0764 2.0485 787 101.6

        mean 790 102.9

        SD 39 4.8

        %RSD 4.9 4.7

 ( .)
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.5

.5.1  400 

 400  1 

 (%recovery)  (%RSD)

  Rr = 1.11 Rc + 0.000271  ( r = 0.9997) 

                                                         Slope = 1.1

                                                    Intercept = 0.000271 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc sample 

– Rc blank 

AA

(ng/g)

%Rec

Blank_1 (no SPE)   400   8530 1390000 0.0061 0.0053   

Blank_2 (no SPE)  400   8070 1330000 0.0061 0.0052   

Blank_3 (no SPE)  400   13800 1760000 0.0078 0.0068 

0.0058

banana no. 1-10 (from LOD) mean 0.16 

banana +std 400 ng 

 no. 1 (no SPE) 1.0483 400 382 1100000 982000 1.1202 1.0089 1.0031 383 100.3

banana +std 400 ng 

 no. 2 (no SPE) 1.0821 400 370 1320000 1130000 1.1681 1.0521 1.0463 387 104.6

banana +std 400 ng 

 no. 3 (no SPE) 1.0156 400 394 1490000 1250000 1.1920 1.0736 1.0678 421 106.9

banana +std 400 ng 

 no. 4 (no SPE) 1.0982 400 364 1410000 1180000 1.1949 1.0763 1.0705 390 107.0

banana +std 400 ng 

 no. 5 (no SPE) 1.0589 400 378 1450000 1210000 1.1983 1.0793 1.0735 406 107.4

banana +std 400 ng 

 no. 6 (no SPE) 1.0734 400 373 1080000 986000 1.0953 0.9865 0.9807 366 98.2 

banana +std 400 ng 

 no. 7 (no SPE) 1.0623 400 377 1220000 1090000 1.1193 1.0081 1.0023 378 100.3

banana +std 400 ng 

 no. 8  (no SPE) 1.0181 400 393 1260000 1120000 1.1250 1.0133 1.0075 396 100.8

banana +std 400 ng 

 no. 9 (no SPE) 1.0609 400 377 1200000 1110000 1.0811 0.9737 0.9679 365 96.8 

banana +std 400 ng 

 no. 10 (no SPE) 1.0265 400 390 1300000 1140000 1.1404 1.0271 1.0213 398 102.1

        mean 389 102.4

        SD 17 3.8

        %RSD 4.5 3.7

 ( .)
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.5.2  800 

 800  1 

 (%recovery)  (%RSD)

  Rr = 1.11 Rc + 0.000271  ( r = 0.9997) 

                                                         Slope = 1.11

                                                    Intercept = 0.000271 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc sample 

– Rc blank 

AA

(ng/g) 

%Rec

Blank_1 (no SPE)   400   8530 1390000 0.0061 0.0053   

Blank_2 (no SPE)  400   8070 1330000 0.0061 0.0052   

Blank_3 (no SPE)  400   13800 1760000 0.0078 0.0068 

0.0058

banana  no. 1-10 (from LOD) mean 0.16 

banana +std 800 ng 

 no. 1 (no SPE) 1.0457 400 383 2110000 966000 2.1843 1.9676 1.9618 751 98.1 

banana +std 800 ng 

 no. 2 (no SPE) 1.0043 400 398 2870000 1210000 2.3719 2.1366 2.1308 848 106.4 

banana +std 800 ng 

 no. 3 (no SPE) 1.0153 400 394 2750000 1210000 2.2727 2.0473 2.0415 804 102.0 

banana +std 800 ng 

 no. 4 (no SPE) 1.0890 400 367 2630000 1150000 2.2870 2.0601 2.0543 754 102.6 

banana +std 800 ng 

 no. 5 (no SPE) 1.0848 400 369 2670000 1130000 2.3628 2.1284 2.1226 783 106.2 

banana +std 800 ng 

 no. 6 (no SPE) 1.0339 400 387 2190000 1010000 2.1683 1.9532 1.9474 754 97.4 

banana +std 800 ng 

 no. 7 (no SPE) 1.0456 400 383 2350000 1040000 2.2596 2.0354 2.0296 777 101.5 

banana +std 800 ng 

 no. 8  (no SPE) 1.0127 400 395 2330000 1040000 2.2404 2.0181 2.0123 795 100.6 

banana +std 800 ng 

 no. 9 (no SPE) 1.0649 400 376 2420000 1050000 2.3048 2.0761 2.0703 778 103.5 

banana +std 800 ng 

 no. 10 (no SPE) 1.0739 400 372 2320000 1030000 2.2524 2.0290 2.0232 753 101.1 

        mean 780 101.9

        SD 30 3.0

        %RSD 3.8 2.9

 ( .)
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.6

.6.1  400 

 400  1 

 (%recovery)  (%RSD)

  Rr = 1.02 Rc + 0.0134  ( r = 0.9993) 

                                                           Slope = 1.02

                                                      Intercept = 0.0134 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1 (no SPE)  400   18900 1500000 0.0126 0.0000    

Blank_2 (no SPE)  400   16400 1570000 0.0104 0.0000    

Blank_3 (no SPE)  400   8500 1940000 0.0044 0.0000    

Blank_4 (no SPE)  400   11100 1520000 0.0073 0.0000 

0.0000

   

bread no.1 (no_SPE) 1.0189 400 393 23200 1720000 0.0135 0.0001  0.0001 0.04  

bread no.2 (no_SPE) 1.0057 400 398 19500 988000 0.0197 0.0062  0.0062 2.47  

bread no.3  (no_SPE) 1.0671 400 375 10800 1020000 0.0106 0.0000  0.0000 0.00  

bread no. 4 (no_SPE) 1.0016 400 399 12300 924000 0.0133 0.0000  0.0000 0.00  

         mean 0.63 

bread +std 400 ng  no. 1  1.0658 400 375 1090000 1030000 1.0583 1.0244  1.0244 384 102.1 

bread +std 400 ng  no. 2  1.0555 400 379 850000 810000 1.0494 1.0157  1.0157 385 101.4 

bread +std 400 ng  no. 3  1.0175 400 393 900000 866000 1.0393 1.0057  1.0057 395 100.3 

bread +std 400 ng  no. 4 1.0243 400 391 954000 884000 1.0792 1.0449  1.0449 409 104.6 

bread +std 400 ng  no. 5  1.0400 400 385 874000 847000 1.0319 0.9985  0.9985 384 99.7 

bread +std 400 ng  no. 6  1.0316 400 388 1150000 1040000 1.1058 1.0710  1.0710 416 107.1 

bread +std 400 ng  no. 7 1.0191 400 392 885000 851000 1.0400 1.0064  1.0064 395 100.5 

bread +std 400 ng  no. 8 1.0489 400 381 800000 793000 1.0088 0.9759  0.9759 372 97.4 

bread +std 400 ng  no. 9 1.0167 400 393 900000 848000 1.0613 1.0274  1.0274 404 102.5 

bread +std 400 ng  no. 10  1.0330 400 387 906000 873000 1.0378 1.0043  1.0043 389 100.3 

       mean 393 101.6

       SD 13 2.7

        %RSD 3.3 2.7

 ( .)
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.6.2  800 

 800   1 

 (%recovery)  (%RSD)

  Rr = 1.02 Rc + 0.0134  ( r = 0.9993) 

                                                         Slope = 1.02

                                                    Intercept = 0.0134 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1 (no SPE)  400   18900 1500000 0.0126 0.0000    

Blank_2 (no SPE)  400   16400 1570000 0.0104 0.0000    

Blank_3 (no SPE)  400   8500 1940000 0.0044 0.0000    

Blank_4 (no SPE)  400   11100 1520000 0.0073 0.0000 

0.0000

   

bread no.1 (no_SPE) 1.0189 400 393 23200 1720000 0.0135 0.0001  0.0001 0.04  

bread no.2 (no_SPE) 1.0057 400 398 19500 988000 0.0197 0.0062  0.0062 2.47  

bread no.3 (no_SPE) 1.0671 400 375 10800 1020000 0.0106 0.0000  0.0000 0.00  

bread no.4 (no_SPE) 1.0016 400 399 12300 924000 0.0133 0.0000  0.0000 0.00  

         mean 0.63 

bread +std 800 ng no. 1  1.0738 400 373 2080000 980000 2.1224 2.0677  2.0677 771 103.4

bread +std 800 ng no. 2  1.0336 400 387 1690000 792000 2.1338 2.0789  2.0789 805 103.9

bread +std 800 ng no. 3  1.0546 400 379 1720000 835000 2.0599 2.0064  2.0064 760 100.1

bread +std 800 ng no. 4  1.0105 400 396 1810000 824000 2.1966 2.1404  2.1404 848 107.0

bread +std 800 ng no. 5  1.0029 400 399 1860000 846000 2.1986 2.1423  2.1423 855 107.1

bread +std 800 ng no. 6  1.0386 400 385 2080000 995000 2.0905 2.0363  2.0363 784 101.7

bread +std 800 ng no. 7  1.0307 400 388 1590000 760000 2.0921 2.0379  2.0379 791 101.8

bread +std 800 ng no. 8  1.0742 400 372 1730000 815000 2.1227 2.0679  2.0679 769 103.2

bread +std 800 ng no. 9  1.0583 400 378 1690000 779000 2.1694 2.1138  2.1138 799 105.6

bread +std 800 ng no. 10  1.0096 400 396 1630000 775000 2.1032 2.0488  2.0488 811 102.3

       mean 799 103.6

       SD 32 2.3

        %RSD 4.0 2.2

 ( .)
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.7

.7.1  400 

 400   1 

 (%recovery)  (%RSD)

  Rr = 1.01Rc + 0.0165 ( r = 0.9998) 

                                                          Slope = 1.01 

                                                     Intercept = 0.0165 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1    400   2920 731000 0.0040 0.0000    

Blank_2   400   5180 728000 0.0071 0.0000    

Blank_3   400   4960 404000 0.0123 0.0000 0.0000    

coffee no.1-7 (from LOD) mean 1.71 

coffee +std 400 ng 

 no. 1 ( SPE_MCX) 1.0019 400 399 769000 702000 1.0954 1.0683  1.0683 426 106.3 

coffee +std 400 ng 

 no. 2 ( SPE_MCX) 1.0076 400 397 672000 625000 1.0752 1.0482  1.0482 416 104.4 

coffee +std 400 ng 

 no. 3 ( SPE_MCX) 1.0071 400 397 698000 648000 1.0772 1.0502  1.0502 417 104.6 

coffee +std 400 ng 

 no. 4 ( SPE_MCX) 1.0086 400 397 636000 593000 1.0725 1.0456  1.0456 415 104.2 

coffee +std 400 ng 

 no. 5 ( SPE_MCX) 1.0071 400 397 610000 550000 1.1091 1.0818  1.0818 430 107.8 

coffee +std 400 ng 

 no. 6 ( SPE_MCX) 1.0086 400 397 567000 537000 1.0559 1.0291  1.0291 409 102.7 

coffee +std 400 ng 

 no. 7 ( SPE_MCX) 1.0067 400 397 528000 508000 1.0394 1.0127  1.0127 402 100.7 

        mean 416 104.4

        SD 10 2.3

        %RSD 2.4 2.2

 ( .)
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.7.2  800 

 800   1 

 (%recovery)  (%RSD)

  Rr = 1.01Rc + 0.0165 ( r = 0.9998) 

                                                          Slope = 1.01 

                                                       Intercept = 0.0165 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g)

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g)

%Rec

Blank_1    400   2920 731000 0.0040 0.0000    

Blank_2   400   5180 728000 0.0071 0.0000    

Blank_3   400   4960 404000 0.0123 0.0000 0.0000    

coffee no.1-7 (from LOD) mean 1.71 

coffee +std 800 ng 

 no. 1 ( SPE_MCX) 1.0004 400 400 1050000 490000 2.1429 2.1053  2.1053 842 105.1

coffee +std 800 ng 

 no. 2 ( SPE_MCX) 1.0072 400 397 1070000 484000 2.2107 2.1725  2.1725 862 108.3

coffee +std 800 ng 

 no. 3 ( SPE_MCX) 1.0067 400 397 800000 375000 2.1333 2.0959  2.0959 832 104.5

coffee +std 800 ng 

 no. 4 ( SPE_MCX) 1.0066 400 397 791000 358000 2.2095 2.1713  2.1713 862 108.2

coffee +std 800 ng 

 no. 5 ( SPE_MCX) 1.0061 400 398 808000 368000 2.1957 2.1576  2.1576 859 107.8

coffee +std 800 ng 

 no. 6 ( SPE_MCX) 1.0083 400 397 790000 370000 2.1351 2.0977  2.0977 833 104.8

coffee +std 800 ng 

 no. 7 ( SPE_MCX) 1.0105 400 396 824000 388000 2.1237 2.0863  2.0863 826 104.1

        mean 845 106.1

        SD 16 1.9

        %RSD 1.9 1.8

 ( .)



.

SRM2387 peanut butter 

.1 SRM2387 penut butter (  1) 

SRM 2387 peanut butter  1 

 (mean )  (%RSD)

  Rr = 1.11Rc + -0.023 ( r = 0.9996) 

                                                          Slope = 1.11 

                                                      Intercept = -0.023 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1    400   8570 1130000 0.0076 0.0276   

Blank_2   400   10700 1160000 0.0092 0.0290   

Blank_3   400   8950 1260000 0.0071 0.0271 0.0279

SRM2387 penut butter 

 no. 1  (no_SPE) 1.0339 400 387 228000 844000 0.2701 0.2641  0.2362 91.4 

SRM2387 penut butter 

 no. 2  (no_SPE) 1.0441 400 383 158000 663000 0.2383 0.2354  0.2075 79.5 

SRM2387 penut butter 

 no. 3  (no_SPE) 1.0033 400 399 144000 613000 0.2349 0.2324  0.2045 81.6 

SRM2387 penut butter 

 no. 4  (no_SPE) 1.0104 400 396 147000 606000 0.2426 0.2393  0.2114 83.7 

SRM2387 penut butter 

 no. 5  (no_SPE) 1.0143 400 394 172000 717000 0.2399 0.2368  0.2089 82.3 

SRM2387 penut butter 

 no. 6  (no_SPE) 1.0225 400 391 183000 727000 0.2517 0.2475  0.2196 85.9 

SRM2387 penut butter 

 no. 7  (no_SPE) 1.0103 400 396 168000 711000 0.2363 0.2336  0.2057 81.5 

        mean 83.7 

        SD 3.9 

        %RSD 4.7 

 (87 ± 7.8 )

 ( .)
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.2 SRM 2387 penut butter (  2) 

SRM 2387 peanut butter  1 

 (mean )  (%RSD)

  Rr = 1.16Rc + -0.0185 ( r = 0.9998) 

                                                          Slope = 1.16 

                                                     Intercept = -0.0185 

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1   400   13200 811000 0.0163 0.0300 

Blank_2  400   7470 875000 0.0085 0.0233 

Blank_3  400   6080 897000 0.0068 0.0218 

Blank_4  400   9530 958000 0.0099 0.0245 0.0249

SRM2387 penut butter 

 no. 1  (no_SPE) 1.0198 400 392 147000 542000 0.2712 0.2498  0.2249 88.2 

SRM2387 penut butter 

 no. 2  (no_SPE) 1.0648 400 376 159000 529000 0.3006 0.2751  0.2502 94.1 

SRM2387 penut butter 

 no. 3  (no_SPE) 1.0730 400 373 150000 513000 0.2924 0.2680  0.2431 90.7 

        mean 91.0 

        SD  3.0 

        %RSD  3.3 

 (87 ± 7.8 )

 ( .)
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.3 SRM 2387 penut butter (  3) 

 SRM 2387 peanut butter  1 

 (mean )  (%RSD)

  Rr = 1.03Rc + -0.00378 ( r = 0.9997) 

                                                          Slope = 1.03 

                                                      Intercept = -0.00378  

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1    400   14300 1300000 0.0110 0.0143   

Blank_2   400   14900 1380000 0.0108 0.0142   

Blank_3   400   20600 1690000 0.0122 0.0155   

Blank_4   400   17400 1690000 0.0103 0.0137 0.0144

SRM2387 penut butter 

 no. 1  (no_SPE) 1.0398 400 385 279000 1100000 0.2536 0.2499  0.2355 90.7 

SRM2387 penut butter 

 no. 2  (no_SPE) 1.0592 400 378 214000 818000 0.2616 0.2577  0.2433 92.0 

SRM2387 penut butter 

 no. 3  (no_SPE) 1.0389 400 385 208000 800000 0.2600 0.2561  0.2417 93.1 

        mean 91.9 

        SD 1.2 

        %RSD 1.3 

 (87 ± 7.8 )

 ( .)
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.4 SRM 2387 penut butter (  4)  SPE Oasis MCX 

 SRM 2387 peanut butter  1 

 (mean )  (%RSD)

  Rr = 1.03Rc + -0.00378 ( r = 0.9997) 

                                                          Slope = 1.03 

                                                     Intercept = -0.00378  

Sample Wt 

 (g) 

IS

(ng)

IS

(ng/g) 

Peak area 

m/z 72/55 

Peak area 

m/z 75/58 

Rr Rc Rc  Rc 

sample

– Rc 

blank

AA

(ng/g) 

Blank_1    400   6560 906000 0.0072 0.0170   

Blank_2   400   6650 858000 0.0078 0.0175   

Blank_3   400   9450 1310000 0.0072 0.0169 0.0171

SRM2387 penut butter 

 no. 1  (SPE_MCX) 1.0818 400 370 316000 1160000 0.2724 0.2719  0.2548 94.3 

SRM2387 penut butter 

 no. 2  (SPE_MCX) 1.1548 400 346 271000 969000 0.2797 0.2789  0.2618 90.6 

SRM2387 penut butter 

 no. 3  (SPE_MCX) 1.1690 400 342 249000 846000 0.2943 0.2930  0.2759 94.4 

        mean 93.1 

        SD 2.2 

        %RSD 2.4 

 (87 ± 7.8 )

 ( .)



.

.1  (precision) [56]

 (random error) 

  2  (repeatability) 

 (reproducibility) 

 RSDr

 RSDR

 %RSD 

 Horwitz’s 

equation  HORRAT (Horwitz ratio)

                              Horwitz equation 

      %RSDr = 0.66 x2
(1-0.5 log C)

                                  ( .1)

     %RSDR = 2
(1-0.5 logC)

                                               ( .2)

 C  concentration ratio ( )

 1 ppm  C = 10
-6

 1 ppb  C = 10
-9



123

.1  expected %RSDr ( )  RSDR ( )

                        Horwitz’s equation 

 C Expected %RSD
r
 Expected %RSD

R

100 % 1 1.3 2.0 

10% 0.1 1.8 2.8 

1% 0.01 2.6 4.0 

0.1% 0.001 3.7 5.7 

100 ppm 0.0001 5.2 8.0 

10 ppm 0.00001 7.4 11.3 

1 ppm 0.000001 10.5 16.0 

100 ppb 0.0000001 14.9 22.6 

10 ppb 0.00000001 21.1 32.0 

1 ppb 0.000000001 29.8 45.3 

   

 HORRAT  Horwitz ratio   RSD 

 (RSDobs)  RSD  Horwitz’s equation (RSDexpected)

 2.0

                                     HORRAT =
ected

obs

RSD

RSD

exp

                                                                       ( .3)

 (method validation) 

 (repeatability) 

 (%RSDr)

Horwitz’s equation .1   expected %RSDr

HORRAT .3 .2  

 HORRAT  2
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.2  HORRAT 

( g/kg)

C

(concentration ratio) 

Expected

%RSD
r

RSD
r
 (%) HORRAT 

 20 0.000000020 19.0 10.3 0.54

  400 0.000000400 12.1 3.7 0.31

  800 0.000000800 10.9 2.6 0.24

 20 0.000000020 19.0 8.6 0.45

  400 0.000000400 12.1 2.9 0.24

  800 0.000000800 10.9 4.5 0.41

  20 0.000000020 19.0 10.9 0.57

  400 0.000000400 12.1 5.4 0.45

  800 0.000000800 10.9 2.0 0.18

 30 0.00000003 17.9 5.2 0.29

  400 0.000000400 12.1 8.6 0.71

  800 0.000000800 10.9 4.9 0.45

  20 0.000000020 19.0 8.2 0.43

  400 0.000000400 12.1 4.5 0.37

  800 0.000000800 10.9 3.8 0.35

 20 0.000000020 19.0 8.1 0.43

  400 0.000000400 12.1 3.3 0.27

  800 0.000000800 10.9 4.0 0.37

 20 0.000000020 19.0 10.2 0.54

  400 0.000000400 12.1 2.4 0.20

 800 0.000000800 10.9 1.9 0.17

 2 

SRM 2387 peanut butter 

 % RSDr ( )  % RSDR ( )

Horwitz’s equation .1 .2   expected 

%RSDr  expected %RSDR  HORRAT .3

.3   HORRAT  2  

  (repeatability)  (reproducibility) 
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.3  HORRAT SRM 2387  peanut butter

 (intra-day)  (inter-day) 

( g/kg)

C

(concentration ratio) 

Expected

%RSD
r

Expected

%RSD
R

RSD
r

(%)

RSD
R

(%)

HORRAT

Intra –day  1 87.0 0.000000087 15.2 - 4.7 - 0.31

Intra –day  2 87.0 0.000000087 15.2 - 3.3 - 0.22

Intra –day  3 87.0 0.000000087 15.2 - 1.3 - 0.09

Intra –day  4 87.0 0.000000087 15.2 - 2.4 - 0.16

Inter-day  1-4 87.0 0.000000087 - 23.1 - 5.9 0.26

.2  (accuracy) [56] 

 (%recovery)  

 The AOAC Manual for the Peer Verified 

Methods Program  (1993)

.4  (%recovery) 

 % recovery 

100 % 98-102 

> 10 % 98-102 

> 1 % 97-103 

> 0.1 % 95-105 

100 ppm 90-107 

10 ppm 80-110 

1 ppm 80-110 

100 ppb 80-110 

10 ppb 60-115 

1 ppb 40-120 



.

.1   (Trueness) [56] 

 Trueness 

(bias)  trueness 

 trueness  SRM  t-test 

 95 %  t 

)/(

)(

nSD

x
t                                                ( .1)

                       t  bias (= x )  systematic 

error  standard error 
n

SD

x   n  SD

 t  critical (tc)  confidence level 

 degree of freedom (df)  t  tc

SRM 2387 peanut butter   reference concentration 

value  87.0 7.8

 7 
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.1 SRM2387 peanut butter

)7/9.3(

0.877.83
t     =  2.2 

 tc .2  df = n-1 = 6  95 %    tc

 2.45   tc  t < tc

 95 %  trueness 

.2  (confidence  interval) [56] 

x

                       

n

SDt
xCI

*
                                                               ( .2)

.1  83.7  SD 

 3.9  n  7  t  .2  95% 

df  6  tc  2.45 

 CI = 
7

9.3*45.2
7.83 6.37.83

 ( )

1 91.4 

2 79.5 

3 81.6 

4 83.7 

5 82.3 

6 85.9 

7 81.5 

 83.7 

SD  3.9 
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.2   The t-distribution (two-tailed) 

Confidence level Degree of freedom 

90% 95% 98% 99% 

1 6.31 12.71 31.82 63.66 

2 2.92 4.30 6.96 9.92 

3 2.35 3.18 4.54 5.84 

4 2.13 2.78 3.75 4.60 

5 2.02 2.57 3.36 4.03 

6 1.94 2.45 3.14 3.71 

7 1.89 2.36 3.00 3.50 

8 1.86 2.31 2.90 3.36 

9 1.83 2.26 2.80 3.25 

10 1.81 2.23 2.76 3.17 

12 1.78 2.18 2.68 3.05 

14 1.76 2.14 2.62 2.98 

16 1.75 2.12 2.58 2.92 

18 1.73 2.10 2.55 2.88 

20 1.72 2.09 2.53 2.85 

30 1.70 2.04 2.46 2.75 

50 1.68 2.01 2.40 2.68 

1.64 1.96 2.33 2.58 



.

.1
2
d

3
-

 70 %  40  ( -

)  3   (No. 1-3)  0.7

derivatize  20 

 0.7  1 

 syring filter  0.45  LC-

ESI-MS/MS

 (m/z 72/55) 

 (regression line) 

 (the method of least squares)  y = 43188 x + 47318

(R
2
) = 0.9989 

(m/z 72/55)   ( g/l ) 

  No.1  1350000 30.2 

 No. 2 1340000 29.9 

 No. 3 1240000 27.6 

 29.2 

% recovery 73.0 

( g/l) (m/z 72/55) 

0 0 

2 93800 

5 311000 

10 470000 

20 947000 

40 1820000 

80 3470000 

y = 43188x + 47318

R
2
 = 0.9989

0

1000000

2000000

3000000

4000000

0 20 40 60 80 100

conc. AA (ug/l)

p
ea

k
 a

re
a
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.2
2
d

3
-

 70 %  40 
2
d3-

40  3   (No.I-III)  0.7

 derivatize  20 

 0.7  1 

 syring filter  0.45 

LC-ESI-MS/MS

 (  y) 

 (  x)   y = 1.10x+0.0007   (R
2
) = 

0.9994

( g/l)

2
d

3
-  (IS)

( g/l) (m/z 72/55) 

2
d

3
-  (IS)

(m/z 75/58) 

0 40 0.00 0 2160000 0.000 

2 40 0.05 93800 2010000 0.047 

5 40 0.12 311000 1840000 0.169 

10 40 0.25 470000 1900000 0.247 

20 40 0.50 947000 1670000 0.567 

40 40 1.00 1820000 1660000 1.096 

80 40 2.00 3470000 1570000 2.210 
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y = 1.10x + 0.0007

R
2
 = 0.9994

0.000

0.500

1.000

1.500

2.000

2.500

0.00 0.50 1.00 1.50 2.00 2.50

ratio conc.std/conc.IS

r
a
ti

o
 p

e
a
k

 a
r
e
a
 s

td
/I

S

2
d

3
-

( g/l) (m/z 72/55) 

2
d

3
-

(m/z 75/58) ( g/l)

 No. I 40 1310000 1170000 1.120 40.7 

 No. II 40 1340000 1240000 1.081 39.3 

 No. III 40 1320000 1200000 1.100 40.0 

     40 

    % recovery 100 



.

.1

.1

 ( )

26.3 31.8 604 363 141 

88.3 488 897 60.9 48.4 

276 202 1,336 78.3 28.3 

439  20.0 2,016 85.7 

57.0 95.8 3,466   30.0 

20.1 22.7 701   30.0 

761  528   30.0 

59.2 63.6 2,676  45.1 

 57.7 1,398  131 

 20.0 43.2   49.0 

81.4 25.5   60.0 

75 47.1   

296 108   43.0 

23.4 200    

 95.0    

 57.2    

 41.5    

 14 17 9 4 13 

  ( g/kg)  528 60.9 

 ( g/kg) 761 488 3,466 363 141 

  ( g/kg) 67.1 57.2 1,336 82 43.0 
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.2

.2

 ( )

44.0 70.7 53.7 

259 136  30.0 

 20.0 457  30.0 

 20.0 24.8 53.9 

 20.0 50.6 33.8 

58.9 34.9 34.7 

30.6 496 56.0 

137 56.2  30.0 

139   

240   

 20.0   

21.9   

41   

65.3   

207   

27.3   

29.3   

286   

347   

219   

40.5   

 20.0   

 20.0   

 20.0   

24.2   

37.8   

 20.0   

98.7   

117   

49.4   

272   

166   

 32 8 8 

  ( g/kg)  20.0 24.8  30.0 

 ( g/kg) 347 496 56 

  ( g/kg) 42.5 63.4 34.2 
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.3

.3

 ( )

486

403

 20.0 

22.8

266

171

240

39.3

23.7

45.2

97.2

123

 20.0 

 20.0 

24.0

111

55.6

234

 20.0 

134

303

 24 

  ( g/kg)

 ( g/kg) 486

 ( g/kg) 50.4
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.4

.4

 ( )

 220 

 482 

 2 

  ( g/kg) 220

 ( g/kg) 482

 ( g/kg) 351

.5

.5

 ( )

 28.6 

 44.6 

 154 

 3 

  ( g/kg) 28.6

 ( g/kg) 154

 ( g/kg) 44.6

.6

.6

 ( )

136

166

203

190

137

103

 6 

  ( g/kg) 103

 ( g/kg) 203

 ( g/kg) 152



136

.7

.7

 ( )

152

34.0

60.4

 20.0 

628

32.8

315

 20.0 

 20.0 

35.7

 18 

  ( g/kg)

 ( g/kg) 628

 ( g/kg)  20.0 

.8

.8

 ( )

37.2

409

404

 3 

  ( g/kg) 37.2

 ( g/kg) 409

 ( g/kg) 404
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