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ABSTRACT 

In this study known mixtures of four or five fatty 
acid methyl esters were analyzed collaboratively by 
gas chromatography with flame ionization detectors. 
The experimental data was treated statistically to 
examine inter- and intralaboratory scattering. More- 
over the effect of the use of correction factors was 
investigated. Even if only the specific analytical 
values that scattered a little were chosen, the averages 
of such values did not always approach the actual 
values. In some laboratories a sort of regularity was 
observed in the deviation of analytical values from 
real values throughout the analyses of four samples. 
The application of correction factors to the analytical 
values obtained by these laboratories resulted in a 
considerable decrease of interlaboratory scattering 
and deviation from the real values. When a constant 
amount of sample was injected, intralaboratory scat- 
tering was decreased, whereas interlaboratory scat- 
tering was not. Injection of large sample sizes caused 
deviation. From this collaborative study it was 
recommended that 0.5-1.0 /.tl of 20% solution be 
injected. 

INTRODUCTION 

The Gas Chromatography Committee organized in 1967 
in the Japan Oil Chemists' Society has established a 
standard method for determination of the fatty acid 
composition of fats and oils by a gas chromatograph with a 
thermal conductivity detector (TED) (1). However flame 
ionization detectors (FID) have recently become popular, 
and it was desirable to set a standard method employing an 
instrument with a FID. Thus collaborative studies were 
performed to obtain some practical data t o  serve for 
establishing the standard method. In these studies scattering 
of data and deviation of analytical values from real ones 
were examined. In addition, an investigation was made to 
determine whether application of correction factors would 
give a significant improvement on accuracy of analytical 
values. Accordingly, only known mixtures with known 
compositions were used as samples throughout all collabo- 
rative analyses. The collaborators were 34 industrial, 
independent, university and government laboratories in- 
volved in fat and oil chemistry. 

COLLABORATIVE STUDY I 

Procedure 
In this study two samples, A and B, which have the 

compositions shown in Table I, were analyzed collabora- 
tively. The purity of the methyl esters used was greater 
than 99.5%. The analyses were made according to the 
standard gas chromatographic method for the determina- 
tion of fatty acid composition using a TCD. Since details 

1presented at the JOCS-AOCS Joint Meeting, Los Angeles, April 
1972. 

were not specified, the collaborators were permitted to use 
the procedure they found best for their instrument. 

Based on the results of the previous collaborative studies 
with TeD (2), the collaborators were requested to change 
attenuator range or chart speed in order to keep each peak 
height more than one-third of a full chart scale and each 
peak width more than 5 mm at half height. Of course, 
attenuator range and chart speed were previously checked 
to insure that they gave no error when changed. Collabo- 
rators were further required to analyze samples A and B 
three times in succession under the same operating con- 
ditions and to report the results of three determinations for 
each sample and the averages of three analytical values for 
each component. The percentage of each component was 
calculated from the ratio of each area to the sum of the 
areas under all of the component peaks. Peak areas were 
determined by multiplying the height by width at half 
height. The height and width were corrected for attenu- 
ation and chart speed, respectively. 

Results and Discussion 

The results of analyses of samples A and B are listed in 
Table I. The average for each component was in excellent 
agreement with the known value, but the coefficient of 
variation (CV) was fairly large, especially for methyl 
laurate, which was eluted first, and methyl elaidate, which 
was last, although their peak sizes were enlarged according 
to the regulations. The CV of analytical values of sample B 
were much larger than those of sample A, This might be 
due to the fact that sample B contained the components in 
wider range of composition. 

The CV reveals the amount of scattering of analytical 
values from their average, but  when the average is in good 
agreement with the known value the CV is regarded as a 
measure of deviation of analytical values from the actual 
value. 

Many reports have been published on relative response 
of FID (3-6). However the investigation of relative response 
in collaborative analyses has not  been reported. The effect 
of the use of correction factors was examined from the 
results of analyses of samples A and B, which were 
dissimilar in composition. The authors determined correc- 
tion factors of each methyl ester for every laboratory from 
the analytical values of sample A, where the correction 
factor was defined as a ratio of known value to analytical 
value. Then the analytical values of sample B were 
corrected by these factors; the corrected data are shown in 
Table I. No regularity was observed between the carbon 
number of methyl esters and the correction factors. In the 
table the averages and the CV of the corrected data are 
listed with those of the uncorrected. In spite of the 
correction, no improvement was observed in the inteflabo- 
ratory scattering or the scattering in the averages of three 
experimental values obtained by each collaborator. Intra- 
laboratory scattering, scattering in three experimental 
values obtained by one laboratory, was very large in several 
laboratories, and it is useless for such laboratories to apply 
the correction factors to the averages of their data. Twelve 
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TABLE II 

Averages and Coefficients of Variation of Uncorrected and Corrected Values by All and 
Selected Laboratories, and Averages of Intralaboratory Coefficients of Variation 

C12:0 C14:0 C16:0 C18:0 C18:1 b 
Known value, % 

%and CV Group of lab. a 5.3 10.4 52.6 21.2 10.5 

Bo (n=26) 5.2 10.3 53.3 20.9 10.3 
~-, % Bo' 5.2 10.2 52.6 21.4 10.6 

Bl,(n=12) 5.2 10.3 53.0 21.2 10.5 
B 1 5.1 10.2 52.3 21.6 10.7 
Bo (n=26) 8.64 5.57 3.62 5.22 8.46 

CV c Bo' 11.8 5.52 3.14 4.'/7 7.56 
B 1 (n=l 2) 5.44 2.82 2.43 3.20 5.52 
B 1' 5.40 2.56 2.35 3.05 5.08 

Average of Bo (n=26) 4.16 2.55 0.'/7 1.95 2.14 
intralaboratory CV B 1 (n=12) 2.93 1.19 0.46 1.01 1.36 

Bo- B 1 (n=14) 5.21 3.71 1.03 2.76 2.81 

aBo: all laboratories; B 1 : selected laboratories (small intralaboratory scattering); Bo': Bo 
corrected by correction factors; BI ' :  B 1 corrected by correction factors. 

bMethyl elaidate. 
Clnterlaboratory coefficient of variation. 

l abora tor ies  were chosen  in wh ich  i n t r a l a b o r a t o r y  sca t te r ing  
was so small  as to  be less than  2.2% for  any  four  
c o m p o n e n t s  o f  the  five in the  analyses of  samples  A and B. 
The  u n c o r r e c t e d  and  co r rec t ed  da ta  of  analyses of sample  B 
b y  these twelve co l l abora to r s  are s u m m a r i z e d  in Table  II. 
No s ignif icant  d i f fe rence  was observed a m o n g  the  four  
averages in  the  t a b l e - t h e  averages of the  da ta  of  all 
l abora tor ies  and  se lected 12 labora tor ies ,  and  the  averages 
o f  the  co r rec t ed  da ta  of  bo th .  The i n t e r l a b o r a t o r y  CV of  
the  co r rec t ed  and  u n c o r r e c t e d  values of  b o t h  groups  of  all 
and  selected l abora to r ies  are also s h o w n  in the  table .  In  
add i t ion ,  Table  I shows t h a t  the  averages of  i n t r a l a b o r a t o r y  
CV for  the  selected l abora to r ies  are cons iderab ly  less t h a n  
those  of  the  o thers  (Bo - B1).  

COLLABORATIVE STUDY II 

Procedure 

In the  second  e x p e r i m e n t  samples  C and D, having  
similar  c o m p o s i t i o n s  as s h o w n  in Table  III,  were analyzed.  
The specif ied opera t ing  c o n d i t i o n s  were similar to  those  of  
the  f irst  e x p e r i m e n t .  However  the  co l l abora to r s  were 
r eques t ed  to  choose  and  r e p o r t  only  the  results  of  th ree  
analyses in wh ich  CV for  fou r  c o m p o n e n t s  ou t  of  five in 
each  sample  were less t h a n  2.2%. 

Results and Discussion 

As shown  in Table  l l I ,  t he  averages agreed very  closely 

w i th  the  k n o w n  values for  b o t h  samples.  The  CV for  
samples  C and  D were less t han  those  for  sample  B, b u t  n o t  
less t han  those  for  sample  A. Accord ingly ,  i t  was f o u n d  t h a t  
choos ing  the  da ta  for  which  sca t t e r ing  was small  did n o t  
always cause a decrease of  i n t e r l a b o r a t o r y  scat ter ing.  The  
ana ly t ica l  values of  sample  D were co r rec t ed  by  the  
co r rec t ion  factors ,  wh ich  were ca lcu la ted  f rom the  analyt i -  
cal values of  sample  C; the  resul ts  are s u m m a r i z e d  in Table  
III. Signif icant  d i f fe rence  was n o t  observed b e t w e e n  the  
co r rec t ed  and  u n c o r r e c t e d  data.  An  ana lys i s  of  var iance  of  
the  da ta  of  the  f irst  and  second  s tudy  was made.  As a 
result ,  the  l abora to r i e s  were p laced  i n to  th ree  classes 
depend ing  u p o n  the i r  dev ia t ion  of  ana ly t ica l  values f rom 
the  k n o w n  values.  In  the  f irst  class, dev ia t ion  showed  a sor t  
of  regular i ty  for  every analysis  and  i n t r a l a b o r a t o r y  scat- 
te r ing  was small .  In  the  second,  the  dev ia t ion  was so small  
t h a t  the  c o r r e c t i o n  fac tors  were a lmos t  u n i t y  fo r  all 
c o m p o n e n t s  in the  analyses of  the  fou r  samples.  The  
devia t ion  in the  las t  class was large and  co r rec t ion  fac tors  
showed  n o  regular i ty ;  t he r e fo re  the  use of  the  co r rec t ion  
fac tors  was n o t  effect ive.  The  co r rec ted  da ta  for  the  
analyses of  sample  D by all l abora to r ies  were divided i n to  
two g r o u p s - o n e  group of  da ta  o b t a i n e d  by  the  first and  
second  classes descr ibed  above,  wh ich  s h o w e d  the  correc-  
t ion  fac tors  w i t h  regu/ar i ty ,  and  the  o t h e r  group of  da ta  
o b t a i n e d  by  the  t h i rd  class, wh ich  s h o w e d  n o  regular i ty .  
T h e n  averages and  CV of  the  data  o b t a i n e d  by  these  two  
groups  were ca lcu la ted ;  t hey  are s h o w n  in Table  III .  The  
CV of  D 2 were larger  t h a n  those  of D 1 . However  the  CV of  

TABLE III 

Effect of Correction for Analysis of Sample D by Laboratories 
Showing Correction Factors with Regularity and No Regularity 

Sample 

C c 

Before correction, % 

Lab. a n C12:0 C14:0 C16:0 C18:0 C18:1 b C12:0 

Co 18 14.6 34.2 9.9 27.1 14.2 
Known value 14.5 33.9 9.7 2"/.4 14.5 
CV Co 18 6.1 2.9 2.8 3.7 3.9 

Do 18 15.7 32.4 11,3 25.4 15.1 15.6 
x- D 1 7 15.4 32.1 11.3 25.8 15.3 

D 2 11 16.1 32.7 11.3 25.0 14.9 15.9 
Known value 16.2 32.5 10.9 25.7 14.7 

Do 18 3.8 2.7 3.4 2.3 3.9 3.1 
CV D 1 7 3.7 2.5 3.8 2.2 3.8 

D 2 11 3.9 3.0 3.0 2.8 4.0 2.9 

After correction, % 

C14:0 C16:0 C18:0 C18:1 b 

32.2 11.2 25.8 15.2 

32.1 I1.0 25.6 15.0 

1.7 3.4 1.0 3.2 

1.4 2 .8  0 .6  2.8 

aCo: all laboratories; Do: all laboratories; DI: laboratories that showed correction 
correction factors with regularity. 

bMethyl elaidat e. 
CSample C analyzed to obtain correction factors. 

factors with no regularity; D2: laboratories that showed 
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TABLE IV 

Analyses of Sample E (Collaborative Study III) 

C12:0 C14:0 C16:0 C18:0 

Sample size, Known value, % 
Laboratory #1 8.8 22.4 48.3 20.5 

x, % 0.5 8.6 22.0 49.0 20.4 
n=5 1.0 8.3 22.1 49.8 19.8 

5.0 8.0 21.9 50.6 19.6 
0.5 7.87 0.65 3.71 6.23 

Total 1.0 6.33 1.29 2.97 5.51 
5.0 3.04 3.81 1.49 8.07 

Lab. 
0.5 1.55 1.69 0.84 1.31 

1 1.0 2.14 0.91 1.05 1.99 
5.0 2.26 0.59 0.53 1.22 
0.5 1.33 0.40 0.21 0.24 

2 1.0 1.15 1.18 0.48 0.74 
5.0 1.37 1.04 0,41 0.36 
0.5 2.95 2.54 1.38 3.69 

3 1.0 2.05 2.78 2,64 5.53 
5,0 1.49 2.57 2.29 4.26 
0,5 1.18 1.1"7 0.35 0.57 

4 1.0 1,77 1.38 0.74 0.88 
5.0 2.41 1.48 0.63 1.51 
0.5 2,00 1,13 0.95 1.22 

5 1.0 3.03 0.94 1,03 1.32 
5.0 1.00 1.27 0.78 0.71 

alnterlaboratory scattering. 
blntralaboratory scattering. 
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cor rec ted  D 2 were considerably  sma l l e r - l e s s  than 3% for  all 
c o m p o n e n t s .  

COLLABORATIVE STUDY III  

Procedure 

This s tudy was carried ou t  to  examine  the relat ionship 
be tween  sample size and scat ter ing or deviation. Sample  E, 
having the compos i t ion  shown  in Table IV, was di luted to 
20% solut ion wi th  ch lo ro fo rm prior  to  analysis. Sample 
sizes to  be in jec ted  were 0.5, 1.0 and 5.0 gl  o f  this solut ion.  
The col labora tors  were reques ted  to make five determina-  
t ions  for  each sample size using the same packing material  
and a co lumn of  2 m length  u n d e r  opera t ing  cond i t ions  
ident ical  to  those  of  the first  s tudy.  

Results and Discussion 

Exper imenta l  data  were t rea ted  statistically w i thou t  use 
of  cor rec t ion  factors.  Variat ion in sample size f rom 0.5 to  
5.0 gl  caused n o  significant  decrease in the CV, which 
means  tha t  there  was no  decrease in in te r labora tory  
scattering; however  in t ra labora tory  scat ter ing was consider-  

ably smaller,  as shown in Table IV. Large sample sizes 
caused more  deviat ion f rom the  k n o w n  value. F r o m  the 
results it  is ex p ec t ed  tha t  in t ra labora tory  scat ter ing may be 
decreased by inject ing a co n s t an t  amoun t  of  sample,  which  
should be in an o p t i m u m  range according to  the compo-  
sit ion of  a sample.  
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