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Determination of lead in oils and fats by direct 
graphite furnace atomic absorption spectrometry: 
results of a collaborative study and the 
standardized method 

Bbstract - A d e s c r i p t i o n  is given of t h e  development by c o l l a b o r a t i v e  s tudy  
of a s tandard ized  method f o r  t h e  de te rmina t ion  of lead  i n  o i l s  and f a t s  by 
d i r e c t  g r a p h i t e  furnace  atomic absorp t ion  spec t romet ry .  The procedure is 
both  rap id  and s e n s i t i v e  allowing de termina t ion  at l e v e l s  of 0 .01 - 0 . 1  
W k g .  

INTRODUCTION 

Lead i n  ed ib l e  o i l s  and f a t s  is considered an inorganic  contaminant. Its 
maximum allowable concent ra t ion  is l a i d  down by t h e  FAO/WHO Codex Alimentarius.  

I n  t h e  o i l s  and f a t  i ndus t ry  a rapid, accu ra t e  and s tandard ized  method f o r  t h e  
de te rmina t ion  of l ead  is very  important f o r  q u a l i t y  c o n t r o l .  Graphite furnace  
atomic absorp t ion  spectrometry (GFAAS) has been accepted by IUPAC and AOCS' f o r  
t h e  de te rmina t ion  of copper,  i r o n  and n i c k e l  i n  o i l s  and f a t s  (1). A similar 
methcd f o r  t h e  d e t e r m i m t i o n  of lead has  been developed and tested by means of a 
c o l l a b o r a t i v e  s tudy .  

METHOD OF ANALYSIS 

Due t o  t h e  v o l a t i l i t y  of l ead ,  t h e  method (1) had t o  be modified by t h e  
in t roduct ion  of a 'matrix mod i f i e r ' .  The ma t r ix  modi f ica t ion  technique is 
gene ra l ly  used t o  dec rease  t h e  v o l a t i l i t y  of t h e  a n a l y t e  element i n  o rde r  t o  
prevent l o s s e s  du r ing  thermal p re t r ea tmen t .  With r e fe rence  t o  an e a r l i e r  r e p o r t  
( 2 )  on t h e  de te rmina t ion  of phosphorus i n  o i l s .  an organic  ma t r ix  modifier was 
used. A s o l u t i o n  of l e c i t h i n  i n  cyclohexane (1%) proved t o  be arlequate, both f o r  
atomization ' o f f  t h e  wall' and ' o f f  t h e  p l a t fo rm ' .  

atomization o f f  t h e  p la t form,  us ing  both  peak area. i n t e g r a t i o n  and peak he ight  
i n t e g r a t i o n .  In  t h e  method under s tudy  it is p re fe r r ed  t o  use  atomization o f f  
t he  p la t form and peak he ight  i n t e g r a t i o n ,  because b e t t e r  s e n s i t i v i t y  and 
p rec i s ion  is obtained i n  t h a t  case. 

COLLABORATIVE STUDY 

Comparable r e s u l t s  were found by atomization o f f  t h e  wall as well as by 

I n  o rde r  t o  check t h e  v a l i d i t y  of t h e  method as an i n t e r n a t i o n a l  s tandard  
method fo r  IUPAC and even tua l ly  f o r  ISO** , t h e  method has  been subjec ted  t o  an 
interna.t iona1 c o l l a b o r a t i v e  s tudy  by l a b o r a t o r i e s  worldwide. The method s tud ied  
took i n t o  account t h a t  va r ious  types of equipment of g r a p h i t e  furnaces  can be 
used e i t h e r  wi th  or without p la t form.  

b b t e r i a l s  provided fo r  t h e  s tudy  were e d i b l e  o i l s  (snyabean o i l )  and f a t s  
(cocoa b u t t e r )  con ta in ing  lead at t h r e e  concentra.t ion l e v e l s  (h igh ,  medium and 
low). Ea.ch concentra.tion l e v e l  was represented  by two ba.tches. Each szinple was 
provided i n  d u p l i c a t e  ( b l i n d  coded) s o  t h a t  p a r t i c i p a n t s  rece ived  in  t o t a l  24 
samples. P a r t i c i p a n t s  were asked t o  ana lyze  ea.ch sample in  d u p l i c a t e  and t o  
report .  bo th  va lues  ob ta ined .  A s t a . t i s t i ca .1  eva lua t ion  of t h e  da.ta w a s  made f o r  
each level. mri f o r  each  type of sample separately in  accordance t o  IS0 5725 - 
1986: w i n g  3. method published earlier ( 3 ) .  

' An.rican Oil Chemists' Society '' International Organisation for Standardization 
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RESULTS 

Data screening From 20 l a b o r a t o r i e s  d a t a  have been rece ived  f o r  eva lua t ion .  
A t  a f i r s t  survey t h r e e  l a b o r a t o r i e s  have been excluded from t h e  test  because of 
d e v i a t i o n s  from t h e  method. Moreover t h e  d a t a  from one l a b o m t o r y  were judged 
unsu i t ab le  f o r  i nc lus ion  i n  the  t es t .  The d a t a  from t h e  remaining 16 labora to-  
ries have been sub jec t ed  t o  t e s t s  f o r  o u t l i e r s  according t o  Cochran and Dixon. 

Cochrantests A s  t h e  24 samples analyzed were in  f a c t  12 p a i r s  of cor res -  
ponding samples, t h e  d i f f e r e n c e s  between t h e s e  b l ind  (h idden)  d u p l i c a t e s  have 
been t e s t e d  f o r  stragglers and o u t l i e r s  accord ing  t o  Cbchran’s procedure.  

Dixon tests Afte r  e l imina t ion  of t h e  s i g n i f  i c a n t  o u t l i e r s  i . e .  s i m i f  i c a n t  
a t  t h e  1.X l e v e l )  accord ing  t o  Cochran’s t e s t ,  t h e  12 ba t ch  averages per 
l abora to ry  have been t e s t e d  f o r  s t r a g g l e r s  and o u t l i e r s  according t o  Dixon’s 
procedure.  

Most of t h e  d e v i a t i o n s  concerned t h e  ’ o i l  data.’ i n  which two l a b o r a t o r i e s  
d i sp layed  s o  many d e v i a t i o n s  t h a t  it had t o  be decided t o  omit t h e  d a t a  of t h e s e  
l a b o r a t o r i e s  from f u r t h e r  eva lua t ion .  A l l  o the r  da.ta have been maintained in  t h e  
eva lua t ion  a f t e r  d i sca rd ing  the  o u t l i e r s .  Hence, f o r  t h e  f i n a l  c a l c u l a t i o n s  of 
r e p e a t a b i l i t y  and r e p r o d u c i b i l i t y ,  t h e r e  remained a t o t a l  of 14 and 16 labora to-  
r ies f o r  t h e  soyabean o i l  and t h e  cocoa b u t t e r  r e s p e c t i v e l y .  

Precision 

In  t a b l e s  1 and 2 t h e  ba tch  averages a t  each concent ra t ion  l e v e l  i n  l i q u i d  
o i l  o r  i n  s o l i d  f a t  have been l i s t e d .  Averages per concent ra t ion  l e v e l  have been 
ca l cu la t ed  because t h e  r e s u l t s  of two ba tches  a t  one concent ra t ion  l e v e l  are 
c l o s e  enough t o  each o the r  t o  be r e p r e s e n t a t i v e  of t h e  same conccnt ra t ion .  

When t h e  va lues  f o r  r ( r e p e a t a b i l i t y )  and ( r e p r o d u c i b i l i t y )  as given i n  
t a b l e s  1 and 2 a r e  expressed as func t ions  of t h e i r  corresponding mean concentra- 
t i o n  va lues  ( m ) ,  t h e  fo l lowing  equat ions  are obta ined:  

Pb i n  e d i b l e  o i l  r = 0.19 m R = 0.30 m r E s . 1 3  
Pb i n  cocoa b u t t e r  = 0.15 m 8 0 .68  m rEq.21 

Table 1 Concentration l e v e l s  ~ average r ecove r i e s  (mg/b&) and p rec i s ion  parame-. 
ters i a  e d i b l e  o i l  (soya.bean o i l )  - [14 accepted l a b o r a t o r i e s ]  

’ $ :  r e p e a t a b i l i t y  s t a n d a r d  d e v i a t i o n ;  I: r e p e a t a b i l i t y  lircit; pr: r e p % t a b i l i t y  c o e f f i c i e n t  of v a r i a t i o n ;  
ZR: r e p r o d u c i b i l i t y  s t a n d a r d  d e v i a t i o n ;  L: r e p r o d u c i b i l i t y  limit; pR: r e p r o d u c i b i ! i t y  c o e f f i c i e n t  of v a r i a t i o n ; ]  
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Table 2 Concentration l e v e l s ,  average recoveries  (mg/kg) and precis ion parame- 
t e r s  in cocoa b u t t e r  - [16 accepted l abora to r i e s ]  

~~ ~~ ~ 

Concen- Actual Averages Repeatabi l i ty  Reproduc i b  i 1 i t y  
trat  ion values 
l eve l  

Batch Batch Level gr _r c _ V r ( X )  SR g c_Vv,(%) 

High 0.080 0.084 0.087 0.0039 0.011 4 . 5  0.0180 0.051 20.6 
0.090 0.090 

I DISCUSSION 

From the equations 1 and 2 ,  descr ibing t h e  precis ion of the lead concentrat i -  
on it can be concluded t h a t  the s t r a i g h t  l i n e s  corresponding with these 
equations pass through the  o r ig in .  

The r e l a t i v e  r e p e a t a b i l i t y  ( t h e  c o e f f i c i e n t  of v a r i a t i o n )  does not depend on 
the  l eve l ,  but  t he  r e l a t i v e  r ep roduc ib i l i t y  decreases more o r  less l i n e a r l y  with 
t h e  lead concentration. According t o  Horwitz (4) f o r  an a n a l y t i c a l  method t o  be 
a.cceptable, t h e  r e l a t i v e  r ep roduc ib i l i t y  CCJ ) should be about 23% a t  t he  0 .1  
mg/& l eve l  and 32% a t  t he  0.01 mg/kg l eve l .%or  both o i l  and f a t  t h i s  c r i t e r i o n  
is f u l l y  met. 

From t a b l e s  1 and 2 it can be seen that t h e  r ep roduc ib i l i t y  of t he  ' f a t  d a t a '  
is considerably l a rge r  than t h a t  of t h e  ' o i l  d a t a ' .  For t h i s  reason the r e s u l t s  
of t he  two l abora to r i e s  which were omitted from the  ' o i l  d a t a '  could be 
maintained in t he  ' f a t  d a t a ' ,  r e s u l t i n g  i n  14 and 16 l abora to r i e s  respect ively.  

CONCLUSION 

Direct  graphi te  furnace atomic absorption spectrometry is a rapid and 
s e n s i t i v e  method which allows r e l i a b l e  determination of t he  t o t a l  concentration 
of traces of lead in  ed ib l e  oils and fa.ts .  

After an extensive col laborat ive study it was concluded t h a t  t he  method meets 
t h e  c r i t e r i o n  f o r  an a n a l y t i c a l  method t o  determine trace amounts of analyte  as 
s t a t e d  by Horwitz in  1982. 

Based on t h e  r e p e a t a b i l i t y  and r ep roduc ib i l i t y  of' t he  r e s u l t s  obtained i n  the 
col laborat ive s tudy the  Commission has decided t o  adopt t h e  method. The tes t  of 
t he  standardized procedure is given 011 t he  following pages.  
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2.632 DETERMINATION OF LEAD BY DIRECT GRAPHITE FURNACE ATOMIC ABSORPTION 
SPECTROMETRY 

1. SCOPE AND FIELD OF APPLICATION 

This Standard descr ibes  a method f o r  t he  determination of t r a c e  amounts (a/&) 
of lead in  a l l  types of crude o r  ref ined ed ib l e  o i l s  and f a t s .  

2. PRINCIPLE 

Vaporisation of t he  o i l  o r  f a t  i n  a s u i t a b l e  graphi te  furnace with or without a 
platform connected t o  an atomic absorption spectrometer,  previously ca l ib ra t ed  
using standard so lu t ions  of organo-compound of lead and the  measurement of t he  
metal content from the observed absorption a t  a wavelength of 283.3 nm. 

3. APPARATUS 

3.1 

3 .2  
3 .3  
3 . 4  
3 . 5  

3 . 6  

3 . 7  
3 . 8  

4 . 1  
4 . 2  
4 . 3  

4.4 

4.5 

4 . 6  

4 . 7  

5.1 

5 . 1  

Polyethylene o r  polypropylene capped b o t t l e s  - 20 m l ,  metal f r e e  (see 
Note 1). 
Micropipettor - 20 p1. 
Pipe t to r  t i p s .  
Electric oven - Regulated a t  60 k 2 "C. 
Atomic absorption spectrometer.  Equipped with e i t h e r  "peak height" mode and 
p r i n t e r ,  or "continuous" mode and pen recorder ( f u l l  s c a l e  response in  0 . 2  
see.)  together with the appropriate  e lectrode-less  discharge lamp t o r  
hollow cathode lamp) and deuterium background co r rec to r  ( o r  Zeeman atomic 
absorption spectrometer).  
Graphite furnace atomizer - Placed in  t h e  atomic absorption spectrometer 
(3 .5 ) ,  equipped with a control  u n i t  f o r  temperature programming. 
Graphite tube - Normal (uncoated).  
Platform - Pyro ly t i c ,  i n  combination with uncoated o r  py ro ly t i ca l ly  coated 
graphi te  tube (see Note 2 ) .  

4. REAGENTS 

Cyclohexane - Analytical  grade.  
Lecithin - A well defined l e c i t h i n  containing 2% phosphorus. 
Matrix modifier - 2 % (m/v) Leci thin so lu t ion  is prepared by dissolving 
2 g l e c i t h i n  ( 4 . 2 )  i n  100 ml cyclohexane (4.1). 
Blank o i l  - Refined. Any ed ib l e  o i l  is s u i t a b l e  - To be s tored in a metal 
f r e e  polyzthylene b o t t l e .  Lead content of o i l  not g r e a t e r  than 1 a l k g .  
Standard s tock so lu t ion  - A s tock so lu t ion  of 10 ng Pb/& is prepared by 
appropriate d i l u t i o n  of an organometallic standard with the  blank o i l  
( 4 . 4 ) .  A s u i t a b l e  standard (Conostan, 5000 mg/kg) is ava i l ab le  from 
Continental  O i l  Company, Fonca C i ty ,  Oklahoma, U.S.A. 
Stilndard working so lu t ions  - 0.020 mg P b l l g ,  0.1350 ng Pb/lcg and i:1.100 I@ 
Pbikg, t o  be prepared d a i l y  by d i l u t i n g  t h e  10 @/kg stock solut ion ( 4 . 5 )  
w i t h  blank o i l  ( 4 . 4 ) .  
Argon, p u r i t y  99.99% minimum. 

5. PROCEDURE 

Treatment of samples, blank and standards 

1 Place all samples and s t m d a r d  working so lu t ions  in the  aven ( 3 . 4 ) ,  
regulated a.t 60 F 2 "C.  

5 . l . 2  Shake samples vigorously.  
5 . 1 . 3  Weigh 5.00 g sample i n  a 20 m l  b o t t l e  (3.1) together  with 5.00 g 

5 . 1 . 4  
matrix modifier (3.3) and mix thoroughly. 
Carry out i n s t ruc t ions  5 .1 .2  - 5.1.3 a l s o  f o r  t he  th ree  standard 
working so lu t ions  (4 .6 )  and t h e  blank o i l  ( 4 . 4 ) .  

5.2 Preparation of apparatus 

5 . 2 . 1  Switch on t h e  atomic absorption spectrometer and the  background 
correct ion (D2 of Zeeman). 
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5 . 2 . 2  In accordance wi th  t h e  manufac turer ' s  i n s t r u c t i o n s  suppl ied  wi th  t h e  
spec t rometer ,  a d j u s t :  lamp c u r r e n t ,  slit ,  wavelength and amplificat- 
ion .  The r equ i r ed  wavelength is 283.3  nm. 
Optimize t h e  p o s i t i o n  of t h e  g r a p h i t e  furnace  a.tomizer ( 3 . 6 )  i n  t h e  
atomic absorp t ion  spectrometer (3 .5 )  and se t  t h e  requi red  programme 
on t h e  c o n t r o l  u n i t  of t h e  fu rnace .  I f  a v a i l a b l e ,  p l ace  p la t form i n  
g r a p h i t e  t ube  (see Note 2 ) .  

5 . 2 . 4  P r e t r e a t  be fo re  each i n j e c t i o n ,  t h e  p i p e t t o r  t i p  (3.3) by p i p e t t i n g  
and then d i s c a r d i n g  20 p1 cyclohexane. 

Programmes f o r  t h e  g r a p h i t e  furnace  atomizer a r e :  ( f o r  Varian Spectrometer,  s e e  
note  4 ) .  

5 . 2 . 3  

Uncoated tube ( 3 . 7 )  o f f  t h e  wall - m a x  power hea t ing  - gass top  

Step  Temp. Ramp t ime Holdt ime I n t .  Gasflow 
("C) ( S )  ( S )  (ml/min ) 

1 100 10 20 300 
2 650 60 40 300 
3 1900 0 5 0 
4 2700 1 3 50 

Pyro coa.ted tube  (3 .8)  wi th  p la t form - m a x  power hea t ing  - gass top  

Step  Temp. h p t i m e  Hold t ime I n t .  Gasflow 
("C) (S) (S) (ml/min ) 

1 200 10 20 
2 650 60 40 
3 1700 0 5 
4 2700 1 3 

300 
300 

0 
so 

5.3 Determination 

5 .3 .1  Measurement of t h e  b lank  - I n j e c t  20 ill of t h e  b la~i l r  s o l u t i o n  
prepared accord ing  t o  5 . 1 . 4  i n t o  the g r a p h i t e  furnace ,  i n i t i a t , e  t h e  
t-empera.ture programme and record  t h e  abso rp t ion .  

5 . 3 . 2  Mea.surement of s t anda rds  - I n j e c t  20 1-11 of t h e  t h r e e  st.mda.rd 
s o l u t i o n s  prepa.red accord ing  t.o 5 . 1 . 4  i n t o  t h e  g r a p h i t e  furnsce  and 
record t h e  abso rp t ions .  

so lu t ion  prepared according t o  5 .1 .3  i n t o  t h e  g r a p h i t e  fu rnace ,  
i n i t i a t e  t h e  temperature programme and record t h e  absorp t ion .  

5 . 3 . 3  Measurement of sample s o l u t i o n s  - I n j e c t  20 c t l  of t h e  sample 

6. CALCULATION AND EXPRESSION OF RESULTS 

6.1 Calculation 

6 . 1 . 1  

6 . 1 . 2  

Measure t h e  peak he ight  on t h e  recorder -char t  o r  t a k e  the  reading  of 
t h e  d i s p l a y  o r  p r i n t e r .  
'haw a c a l i b r a t i o n  curve by p l o t t i n g  t h e  absorp t ion  of t he  t h r e e  
s t anda rds  ( 5 . 3 . 2 ) ,  co r rec t ed  f o r  t h e  b lank  ( 5 , 3 . 1 ) ,  aga ins t  t h e i r  
r e spec t ive  metal con ten t  ( n o t e  3 ) .  
Read t h e  metal conten t  of t h e  sample from t h e  c a l i b r a t i o n  curve .  6 . 1 . 3  

6.2 Expression of results 

Express t h e  r e s u l t s  as mg/kg ( t o  two s i g n i f i c a n t  f i g u r e s )  

7. QUALITY ASSURANCE 

7 . 1  For gene ra l  p r i n c i p l e s  of a n a l y t i c a l  q u a l i t y  c o n t r o l  s e e  t h e  s e c t i o n  on 
Q u a l i t y  Assurance i n  t h e  in t roduc to ry  part of t h e  Compendium of t h e  
Standard Methods. 

7 . 2  For s p e c i f i c  a p p l i c a t i o n s  of a n a l y t i c a l  q u a l i t y  c o n t r o l  see t h e  Annexe t o  
t h i s  s tandard  method. 
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8. NOTES 

1. 

2 .  

3 .  

4 .  

The polyethylene o r  polypropylene capped b o t t l e s  a.re made meta l - f ree  i n  t h e  
fo l lowing  way: 
Clean t h e  b o t t l e s  thoroughly wi th  warm n i t r i c  a c i d ,  r i n s e  wi th  d i s t i l l e d  
water and d r y  t h e  b o t t l e s  i n  a d ry ing  oven at  about 80 "C. 

Both atomization o f f  t h e  wall and a tomiza t ion  of t h e  p la t form can be used .  
The accuracy and t h e  s e n s i t i v i t y  o f f  t h e  p la t form is two t imes  higher than  
off  t h e  wall. 

With t h e  use  of s o p h i s t i c a t e d  equipment au to -ca l ib ra t ion  can be app l i ed .  

Modification for Varian spectrometers 

For those  having a Varian appara tus  t h e  fo l lowing  modi f ica t ions  should be 
made : 

Step  Temperature Time Ga.sf low 
Nu.  "C (s )  (l /min) 

1 100 20.0 3 .0  
2 100 40.0  3 .0  
3 550 60.0 3 . 0  
4 550 40.0 3 .0  
5 550 1.0 0 .0  
6 2500 1.0 0 . 0  
7 2500 5.0 0 . 0  
8 2500 3 .0  3 .0  

- 

Gastype Read 
conunand 

Normal N 0 

N orma.1 No 
Normal No 
Norma.1 No 
Noraial N o 
Normal YES 
Norrna.1 Yes 
Normal No 

Step  Temperature Time Gasf low Gastype Read 
No. "C ( s )  ( l /min)  command 

1 200 
2 200 
3 650 
4 650 
5 650 
6 2000 
7 2000 
8 2000 

r-se 5.3: 

1. Repeatability limit 

The abso lu te  d i f f e r e n c e  
wi th  t h e  same method on 
sane opera tor  u s ing  t h e  
not  be g r e a t e r  than t h e  
formulae i n  t a b l e  1. 

10.0 3.0 
20.0 3.0 
60.0 3.0 
40.0 3 .0  
1.0 0.0 
0.7 0.0 
5.0 0.0 
3.0 3.0 

Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 

Use f o r  i n j e c t i o n  

APPENDIX 

No 
No 
No 
No 
No 
Yes 
Yes 
No 

between two independent s i n g l e  tes t  r e s u l t s ,  obtained 
i d e n t i c a l  tes t  material in  t h e  same labora tory  by t h e  
same equipment wi th in  s h o r t  i n t e r v a l s  of time, should 
r e p e a t a b i l i t y  l i m i t  ( L )  as ca lcu la t ed  from t h e  

Table 1 r e p e a t a b i l i t y  ( _ r )  and r e p r o d u c i b i l i t y  l i m i t s  ( R _ )  

Pb i n  e d i b l e  o i l  0.19 m R_ 0.30 m 
Pb i n  cocoabut te r  = 0.15 m R_ = 0.68 m 

Key: m = corresponding mean concent ra t ion  va lue .  
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2. Reproducibility limit 

The absolute d i f f e rence  between two s i n g l e  t e s t  r e s u l t s ,  obtained with the 
same method on iden t i ca l  tes t  ma te r i a l  i n  d i f f e r e n t  l abora to r i e s  with 
d i f f e r e n t  operators  using d i f f e r e n t  equipment, should no t  be g rea t e r  than the 
r ep roduc ib i l i t y  l i m i t  (R) a s  calculated from the  formulae in  t a b l e  1. 

3. t rueness  ( b i a s )  - The b i a s  of t he  method was demonstrated i n  t h e  colla.bor- 
a t i v e  study of t h e  method (see t a b l e  of s t a t i s t i c a l  d a t a  below) t o  be 
neg l ig ib l e  when used f o r  t he  determination of concentration l eve l s  of lead i n  
the range 0.01 - 0.10 mg/kg .  

4. The s e n s i t i v i t y  of t he  method is demonstra.ted by the  low values f o r  and F( 
a t  the low concentration l e v e l s  s t u d i e s  (see t a b l e  of s t a t i s t i c a l  1dat.a 
below), the limit, of detect ion is 0.001 mg/kg ,  t he  l i m i t  of deterninat ion is 
0 .01  m.g/&. 

in t e r f e rence  by other  elements is not  t o  be expected provided the  measurenents 
are ca r r i ed  cut  a t  t he  wa.ve length s p e c i f i c  f o r  lead (283.3 nm). 

5. Statistical and other data derived from the results of the interlaboratory test 

The in t e r l abora to ry  tes t  ca r r i ed  out  a t  t h e  in t e rna t iona l  l eve l  i n  1988 by the 
IUPAC Commission on O i l s ,  F a t s  and Derivat ives ,  i n  which 20 l abora to r i e s  
pa r t i c ipa t ed ,  each obtaining two test  r e s u l t s  f o r  each sample, gave the 
s t a t i s t i c a l  r e s u l t s  (evaluated in  accordance with IS0 5725-1986) summarized in  
the  following t a b l e :  

Sample 
Batch 

Soyabean o i l  Cocoa b u t t e r  
A B C A B C 

Number of l abora to r i e s  re ta ined 
a f t e r  e l iminat ing o u t l i e r s  

Number of o u t l i e r s  ( l abora to r i e s )  

Number of accepted r e s u l t s  

Mean value (mg/kg sample) 

True o r  accepted value (I@/&) 

Repeatabi l i ty  standard deviat ion 
(Sr in mg/kg) 

Repeatabi l i ty  r e l a t i v e  standard 
deviat ion (7:) 

Repeatabi l i ty  limit (_r) C2.8 x sr] 

Reproduc i b  i 1 i t y  standard deviat ion 
(2, i n  m/k) 
Reproduc i b  i 1 i t y  r e l a t i v e  standard 
deviat ion (?)  

14 14 14 16 16 16 

6 6 6 4 4 4 

112 112 112 128 128 128 

0,087 0,053 0 , 0 2 2  0.087 0.054 0 . 0 2 6  

0.085 0,050 0.020 0.085 0.050 0.020 

0.0059 0.0034 0,0022 0.0039 0.0031 0.0013 

6.8 6 . 4  10.1 4.5 5,7 5.0 

0.017 0,0095 0,0062 0,011 0,0087 0,004 

0.0089 0,0057 0.0034 0,0180 0,0117 0,0073 

10.2 10,9 15.4 20,6 21,7 27.7 

Reproducibil i ty l i m i t  (_R) C2.8 x _SR] 0.025 0.016 0.009 0,050 0.033 0.020 




