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The sens i t iv i ty  of the T B A  test  for  l ino lena te  was 
30-80 t imes t ha t  for  l inoleate  a t  the same peroxide  
values.  T h e  T B A  test  appears  to be a rel iable  method  
of e s t ima t ing  the ox ida t ion  p roduc t s  of l inolenic  a n d  
l inoleic acids in  t issues a n d  other  biological  mater ia l .  
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Summary of the Collaborative Work on Total Nitrogen 
Joint Committee of Association of Official Agricultural Chemists and American Oil Chemists' Society 

Objective. The s t u d y  was i n t e n d e d  to provide  the 
basis for e l imina t ion  of n u m e r o u s  va r i a t ions  in  the 
p rocedure  for  to ta l  n i t r o g e n  in  fer t i l izers  a n d  feeds. 
Specifically, the work compared  copper  wi th  m e r c u r y  
as a catalyst ,  compared  boric acid wi th  s t a n d a r d  acid 
for  absorp t ion  of ammonia ,  a n d  gave some compar ison  
of the hea t ing  devices used in  d iges t ion of the sample.  

Collaborators. Of the 27 labora tor ies  which par t ic i -  
pa ted  in  the work, 12 had  expressed a prefe rence  for  
copper  as the ca ta lys t  (Group  1), 11 others had  ex- 
pressed a prefe rence  for  m e r c u r y  ( G r o u p  2),  a n d  the  
r e m a i n d e r  had  ind ica ted  no preference.  F o u r  pre-  
fe r red  boric  acid over s t a n d a r d  acid a n d  used i t  i n  
a n a l y z i n g  all  samples. The p a r t i c i p a t i n g  labora tor ies  
were as follows: 

Harry R. Allen, Agricultural Experiment Station, University of 
Kentucky, Lexington, Ky. 

B. W. Beadle, Gee. W. Gooch Laboratories, Los Angeles, Calif. 
A. T. Blaekwell, Davison Chemical Corporation, Baltimore, iY~d. 
W. A. Bridgers, Southern Testing Company, Wilson, N. C. 
P. D. Cretien, Texas Testing Laboratories, Dallas, Tex. 
H. A. Davis, Department of Agriculture and Biological Chem- 

istry, University of New Hampshire, Durham, N. H. 
E. A. Epps Jr., Department of Agriculture and Immigration, 

Baton Rouge, La. 
C. W. Gehrke, Department of Agricultural Chemistry, Agricul- 

tural Experiment Station, Columbia, Mo. 
C. W. Gourley, Beacon Milling Company, Cayuga, N. u 
E. R. Hahn, Hahn Laboratories, Columbia, S. C. 
G. C. Henry, Law and Company, Atlanta, Ga. 
T. H. Hopper, Southern Regional Research Laboratory, New 

Orleans, La. 
W. J. Ingram, Department of Agriculture, Salem, Ore. 
L. A. Koeh]er, State Laboratories Department, Bismarck, N. D. 
J. C. Konen, Archer-Daniels-Midland, Minneapolis, Minn. 
H. R. Kraybill, American Meat Institute, Chicago, Ill. 
R. F. Larsen, Feed and Fertilizer Laboratory, Department of 

Agriculture, Boise, Idaho. 
C. A. Lathrap, Curtis and Thompkins Ltd., San Francisco, Calif. 
C. L. Manning, Fort Worth Laboratories, Fort Worth, Tex. 
C. V. Marshall, Department of Agriculture, Ottawa 2, Canada. 
J. R. Mays Jr., Barrow-Agee Laboratories, Memphis, Tenn. 
V. E. Munsey, Dept. Health, Education and Welfare, Food and 

Drug Administration, Washington, D. C. 
B. O. Pattisou, Pattison's Southwest Laboratories, Harlingen, 

Wex. 
Willis Richerson, Department of Agriculture, Oklahoma City, 

Okla. 
E. H. Tenent, Woodson-Tenent Laboratories, Memphis, Tenn. 
W. S. Thompson, Department of Agriculture Laboratories, 

Reynoldsburg, 0. 
E. R. Toby, Agricultural Experiment Station, Orono, Me. 

samples.  Ten  samples were selected as fol lows:  
cottonseed meal, soybean meal, d r ied  blood, digester  
tankage ,  meat  scrap,  fish meal,  commercia l  fer t i l izer ,  
c o m m e r c i a l  f eed ,  g r o u n d  hoofs, a n d  S - b e n z y l t h i u -  
r o n i u m  chloride (m.p. 172~ N content ,  ca lcula ted 
]3 .82%) .  This c o m p o u n d ,  r e c o m m e n d e d  by  Ogg 
a n d  Wi l l i t s  l i n d .  Eng .  Chem., Ana l .  Ed. ,  18, 334 
(1946) ], was p r epa red  in  the P u r d u e  L a b o r a t o r y  by  
the method  of D a n b u r y  [J. Am. Chem. Soe., 58, 1004 
(1936)]  a nd  was pur i f ied  by  ree rys ta l l i z ing  three  
t imes f rom alcohol. 

Directions to Collaborators. Labora tor ies  were asked 
to n u m b e r  each b u r n e r  to be used for  d iges t ion of 
samples, de te rmine  the t ime r equ i r ed  to b r i n g  250 ml. 
of wa te r  to a ro l l ing  boil  a n d  record the n u m b e r  o f  
the b u r n e r  used for  each sample  digested. W i t h  each 
catalyst ,  copper a nd  mercu ry ,  samples w e r e  to be an-  
a lyzed in  dupl ica te  a nd  the ana lys i s  repea ted  a t  least 
one week later ,  for  a to ta l  of four  analyses  per  cata- 
lyst.  S t a n d a r d  acid a n d  s t a n d a r d  a lka l i  were to be 
p r e p a r e d  i n d e p e n d e n t l y ,  t h e n  checked, one aga ins t  the 
other. Boric  acid was compared  wi th  s t a n d a r d  acid 
on two samples (7 a nd  8). Col laborators  were g iven 
deta i led  digest ion procedures  which were iden t ica l  ex-  
cept for  ca ta lys t  (copper  vs. m e r c u r y ) .  The m e r c u r y  
procedure  was as follows: 

Place weighed sample (0.7 t() 2.2 g.) in digestion flask. Add 
0.7 g. HgO (or 0.65 g. metallic Hg), 10 g. powd. K~SO4 (or 
anhyd. Na.:SO~) and 25 m]. con. H_-S04. If  sample larger than 
2.2 g. is used, increase H.-SO4 10 ml. for earh gram of sample. 
Place flask in inclined position and heat gently until frothing 
ceases (if necessary, add small amount of paraffin to reduce 
frothing); boil bri'skly, until solution clears and then for at 
least 30 rain. longer. 

Cool, add ca. 200 ml. of water and 25 ml. of sulfide or thio- 
sulfate soln. to ppt. Hg (thiosulfate or sulfide may be mixed 
with the NaOH before addition to flask). Mix thoroughly and 
cool to 25~ or below. Add a few Zn granules to prevent 
bumping, tilt flask, and add layer of NaOtI (25 g. solid reagent 
or sufficient soln. to make contents strongly alkaline) without 
agitation. Immediately connect flask to distilling bulb on con- 
denser (end of condenser is immersed in standard acid or 50- 
75 ml. boric acid soln. in receiver) and rotate to mix contents 
thoroughly, then heat unti l  all NH, has distilled (at least 150 
of distillate). Titrate excess std. acid in distillate with std. 
alkali soln. (Me red indicator), or if boric acid is used in 
receiver, titrate direct with std. acid (bromocresol green Me 
red or methylene blue--Me red indicator). 
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Sum m ary  of Results 

I t  will not be a t t empted  to reproduce the large 
amount  of detailed data received f rom the partici-  
pa t ing  laboratories. These data  have been analyzed 
statist ically a with the following conclusions: 

1. A v e r a g e d  ove r  t h e  10 s a m p l e s ,  m e r c u r y  g a v e  . 0 5 %  m o r e  
N t h a n  c o p p e r  i n  t h e  h a n d s  o f  G r o u p  1 a n d  . 0 7 %  m o r e  i n  t h e  
h a n d s  o f  G r o u p  2. T h e  d i f f e r e n c e  w a s  h i g h l y  s i g n i f i c a n t  f o r  
b o t h  g r o u p s .  

2. T h e  r e s u l t s  w i t h  m e r c u r y  w e r e  l e s s  v a r i a b l e  t h a n  t h o s e  
w i t h  c o p p e r  i n  t h e  h a n d s  o f  b o t h  g r o u p s .  A v e r a g e d  o v e r  t h e  
10 s a m p l e s ,  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  27  l a b o r a t o r i e s  w a s  
0 . 1 8 8 %  N w i t h  m e r c u r y  and.  0 . 2 3 8 %  N w i t h  c o p p e r .  See  t a b l e  
b e l o w  : 

STANDARD D E V I A T I O N  OF 2 7  LABORATOtgIES  (% N) 

Catalyst  ' Catalyst p refer red  

used Cu (Group 1) / ~ ~  Unknown 

Cu 0.267 0.198 0.243 
t t g  0.210 0.178 0.133 

Weighted av. 
all labs. 

0.238 
0.188 

3. A v e r a g e d  o v e r  b o t h  c a t a l y s t s  a n d  a l l  s a m p l e s ,  G r o u p  2 ob-  
t a i n e d  . 0 2 %  m o r e  N t l m n  G r o u p  1. T h i s  d i f f e r e n c e  is  s i g n i f i c a n t .  

4. T h e r e  w a s  n o  s i g n i f i c a n t  i n t e r a c t i o n  b e t w e e n  c a t a l y s t  a n d  
s a m p l e .  T h i s  m e a n s  i t  i s  r e a s o n a b l e  to  b e l i e v e  t h a t  t h e  d i f f e r -  
ence  b e t w e e n  c o p p e r  a n d  m e r c u r y  d i d  n o t  d e p e n d  o n  t h e  m a -  
t e r i a l  w h i c h  w a s  b e i n g  u s e d .  

5. T h e  v a r i a t i o n  b e t w e e n  a n M y s e s  o f  t h e  s a m e  s a m p l e  a s  
s h o w n  b y  s t a n d a r d  d e v i a t i o n s  w a s  o n l y  a b o u t  h a l f  a s  g r e a t  f o r  
p a r a l l e l  d u p l i c a t e s  a s  f o r  d u p l i c a t e s  o n e  w e e k  a p a r t .  T h i s  w a s  
t r u e  f o r  b o t h  g r o u p s  a n d  a l l  s a m p l e s .  T h e r e  w a s  n o  e v i d e n c e  
t h a t  " d i f f i c u l t "  m a t e r i a l s  s u c h  a s  t a n k a g e  o r  h o o f  m e a l  w e r e  
m o r e  v a r i a b l e  t h a n  o t h e r s .  A v e r a g e  r e s u l t s  a n d  s t a n d a r d  dev i -  
a t i o n s  a r e  s h o w n  i n  t h e  f o l l o w i n g  t a b l e :  

Sample 

1. Cottonseed meal ........... 
2. Soybean  meal ............... 
3. Dried blood .................. 
4. Digester t ankage  ......... 
5. Meat scrap ................... 
6. Fish meal ...................... 
7 .  Commercial fertilizer... 
8. Commercial feed .......... 
9. (}round hoofs ............... 

10. S-BTC .......................... 

i v .  
% N  

found b 

6.74 
7.92 

13.38 
8.60 
7.96 
9.66 
9.77 
3.07 

[5.51 
13,68 

Variatio___ nn ~between ] 

Dupli- I 
Paralle,1 eates a ] 
duph~ week 
('ates a p a r t  b I - -  

0.038 0.064 ] 
0.046 0.065 [ 
0.063 0.112 / 
0.047 6.125 
0.040 0.063 
0.051 0.092 
0.057 0.109 
0.047 0.049 
0.044 0.106 
0.051 0.096 

Labora-  
tories 

0.115 
0.148 
0.319 
0.174 
0.152 
0.219 
0.241 
0.117 
0.338 
0.239 

" S t anda rd  deviations per  single analysis, by samples, averaged over 
both catalysts ;  in other words, the s t anda rd  deviations measure  the 
var ia t ion:  (1) between 2 single analyses made in parallel, (2)  between 
2 single analyses made about a week apa r t  by the same analyst ,  and 
(3) among laboratories if each labora tory  made only I analysis .  To 
convert  the labora tory  s t anda rd  deviation to tbe basis on which it is 
usual ly  reported,  divide by the square  root of the number  of analyses 
which each labora tory  nlade. This number  varies for the var ious  stand- 
ard  deviations we have calculated. 

"Averaged over all laboratories.  

6. T h e  a v e r a g e  p e r c e n t a g e  n i t r o g e n  f o u n d  i n  t h e  c r y s t a l l i n c  
S - b e n z y l t h i u r o n i u m  c h l o r i d e  ( S a m p l e  N o .  1 0 )  w i t h  e a c h  o f  t h e  
c a t a l y s t s  w a s  less  t h a n  t h e o r e t i c a l  ( t h e o r y ,  1 3 . 8 2 ;  f o u n d ,  Cu ,  
13 .66 ,  a n d  H g ,  1 3 . 7 0 ) .  N i n e  o f  t h e  54  a v e r a g e  v a l u e s  ( C u  o r  
H g )  f e l l  b e t w e e n  1 3 . 8 2  a n d  1 3 . 8 7 ;  8 f e l l  b e t w e e n  1 3 . 4 4  a n d  
13 .60 .  T h e  d i f f e r e n c e  b e t w e e n  c a t a l y s t s  w a s  h i g h l y  s i g n i f i c a n t ,  
a n d  t h a t  b e t w e e n  t h e o r e t i c a l  a n d  f o u n d  v a l u e s  w a s  a l so  h i g h l y  
s i g n i f i c a n t .  

7. S t a n d a r d  a c i d  g a v e  0 . 0 5 %  m o r e  N t h a n  b o r i c  a c i d  w h e n  
a v e r a g e d  ove r  b o t h  s a m p l e s  (7  a n d  8)  b o t h  c a t a l y s t s  a n d  a l l  
l a b o r a t o r i e s .  T h e  d i f f e r e n c e  w a s  h i g h l y  s i g n i f i c a n t .  :For G r o u p  
1 t im  d i f f e r e n c e  w a s  . 0 3 % ;  f o r  G r o u p  2, . 0 8 % .  

8. I n  t h e  b u r n e r  o r  h e a t i n g  t e s t ,  g a s  w a s  m o r e  v a r i a b l e  t h a n  
e l e c t r i c i t y ,  b u t  w i d e  v a r i a t i o n s  w e r e  o b s e r v e d  b e t w e e n  l a b o r a -  
t o r i e s  a n d  w i t h i n  l a b o r a t o r i e s .  :For g a s  b u r n e r s  t h e  r a n g e s  
w i t M n  15 l a b o r a t o r i e s  w e r e  31/~ to  8 � 8 9  m i n .  i n  t h e  f a s t e s t  l a b -  
o r a t o r y  a n d  13 to  25 mist .  i n  t h e  s l o w e s t ;  l a b o r a t o r y  a v e r a g e s  
r a n g e d  f r o m  41~ to  161~ r a i n . ;  o v e r - a l l  a V e r a g e  f o r  g a s  81~ 

1The statist ical  work  was  kindly performed by S. R. Miles and  his 
staff at the :Purdue Univers i ty  Agr icu l tura l  Exper iment  Station. 

r a in .  F o r  e l e c t r i c  h e a t e r s  t i le r a n g e s  w i t h i n  12 l a b o r a t o r i e s  
w e r e  8 to  1315  r a in .  i n  t h e  f a s t e s t  l a b o r a t o r y  a n d  121/.2 t o  
161~ i n  t i le  s l o w e s t ;  l a b o r a t o r y  a v e r a g e s  r a n g e d  f r o m  9 t o  13 
m i n u t e s ;  o v e r - a l l  a v e r a g e  f o r  e l e c t r i c i t y ,  11l/2 m i r a  

Discussion 

The results clearly indicate the super ior i ty  of mer- 
cury  over copper as a catalyst  for digestion of sam- 
ples in the determinat ion of total  nitrogen. There 
would seem to be no impor tant  reason for re ta ining 
copper as an a l ternate  reagent  in official procedures. 

Although boric acid has been gaining favor over 
s t andard  acids for  absorpt ion of ammonia,  the collab- 
orative results fai l  to support  its use. Accordingly, 
it is not recommended. 

The wide range of results f rom the boil-test raises 
a question concerning optimal digestion time. The 
total  digestion t ime repor ted var ied f rom 55 rain. to 
more than  three hours, and while the statistical s tudy  
relat ing digestion time, burner  tempera ture ,  and total  
ni t rogen found is not complete, no close relation is 
apparen t  except with the slowest heat ing equipment.  
Collaborator No. 19 repor ted a 13- to 25-min. boil-test 
range, used an 80-rain. digestion time, and was lowest 
in percentage N with 8 of the 10 samples in Group 1. 
While in each group the laboratory  with the most top 
values used a comparat ive ly  long digestion time (100 
to 120 mimites) ,  some laboratories got good results 
with shorter  digestion times. Collaborator No. 6 di- 
gested 55 rain. and was well above average in results. 
A new experiment  should be designed to s tudy these 
r e l a t i o n s h i p s  specifically. Perhaps  it will be found 
that  a variable figure such as 10 or 15 times the boil- 
test value will provide an optimal digestion t ime for  
the various equipment.  Until  a fu r the r  s tudy is made, 
the digestion time should renlain at  the discretion of 
the analyst.  

The committee wislles to thank the c o l l a b o r a t o r s  
who so generously par t ic ipated in the program. Spe- 
cial appreciat ion is expressed to Law and Company 
for  p repara t ion  and distribution of the samples and  
to J.  T. R. Andrews,  II .  A. Davis, E. A. Epps  Jr . ,  
T. H. ttopper, J. R. Mays Jr., S. R. Miles, and C. t I .  
Per r in  for  their  contributions in p lanning  the work. 

Recommendations 

It is recommended tha t :  
1. The use of copper  as a catalyst  in (ffficial meth- 

ods for total  N be diseontimied. 
2. The directions for  p repar ing  s tandard  acid and  

s tandard  alkali (See. 2.20) be deleted; that  new di- 
rections refer  to Chapter  39 and require the use of 
a p r i m a r y  s tandard  for  each sohItion; the acid and  
alkali, so prepared,  then to be finally checked one 
against  the other. 

3. The collaborative mercury  procedure,  changed 
to omit reference to boric acid, be adopted as the first 
action with a view toward its replacement  of sections 
2.20 through 2.24 and  with a view toward its incorpo- 
rat ion into sections 2.25 and 2.26. 

4. F u r t h e r  collaborative work be done on the rela- 
tion of the boil-test to the time necessary for  digestion 
of the sample. 
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