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IS0 1 0278:1 995(E) 

Foreword 

I S 0  (the  International  Organization  for Standardization)  is a worldwide  
federation  of national  standards bodies ( I S 0  member bodies) .  The work 
of preparing  International  Standards i s  normal ly carried  out through  I S 0  
technical  committees.  Each member body in terested  in  a subject for 
wh ich  a technical  commi ttee  has been  establ ished has the right to  be 
represented on that commi ttee.  International  organizations,  governmental  
and non-governmental ,  in  l iaison  wi th  ISO,  also take part in  the  work.  I S 0  
col laborates closely wi th  the  International  Electrotechnical  Commission  
( I  EC)  on all  matters of electrotechnical  standardization.  

Draft International  Standards adopted  by the technical  commi ttees  are 
circulated  to  the  member bodies for voting.  Publ ication  as an International  
Standard requires approval  by at least 75 % of the  member bodies casting  
a vote.  

International  Standard I S 0  1 0278 was prepared by Technical  Committee 
ISOflC 1 7,  Steel,  Subcommittee SC 1 ,  Methods of determination of 
chemical composition.  

Annex A forms an integral  part of th is  International  Standard.  Annexes B 
and C are for in formation  only.  

O I S 0  1 995 
All  rights  reserved.  Unless otherwise specified,  no  part of th is  publ ication  may be reproduced 
or uti l ized  in  any form  or  by any means,  electronic or mechanical ,  including  photocopying  and  
microfi lm,  wi thou t  permission  in  wri t i ng  from  the  publ isher.  

International  Organization  for Standardization  
Case Postale 56 CH-1  21  1  Genève 20 Switzerland 

Printed in  Switzerland  

I I  

                                                        

                                         

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



4853903  0606307  399 D 

INTERNATIONAL STANDARD Q I S 0  I S0  1 0278:1 995(E) 

Steel  -  Determination  of manganese content -  
Inductively coupled plasma atomic emission 
spectrometric met hod 

1  Scope 

This International  Standard specifies an inductively 
coupled  plasma atomic emission  spectrometric 
method  for the  determination  of the  manganese con- 

tent i n  unal loyed steels.  

The method  is appl icable to  manganese contents be- 
tween  0,002 % ( dm )  and 1 , 5  YO ( dm ) .  

2 Normative references 

The fol lowing  standards contain  provisions wh ich,  
through  reference i n  th is  text,  consti tute  provisions 

of th is  International  Standard.  At the  time of publi-  
cation,  the editions indicated  were  valid.  Al l  standards 
are subject to  revision,  and  parties to  agreements 
based on  th is  International  Standard are encouraged 
to  investigate the  possibi l i ty of applying  the  most  re- 
cent editions of the  standards indicated  below.  

Members of IEC and I S 0  maintain  registers of cur-  
rently val id  International  Standards.  

I S 0  377-2:1989,  Selection and preparation of samples 
and test pieces of wrought steels -  Pari 2: Samples 
for the determination of the chemical composition.  

I S 0  385-1  : I 984,  laboratory glassware -  Burettes -  
fart 7: General requirements.  

I S 0  648:1977,  laboratory glassware -  One-mark 
pipettes.  

I S 0  1042:1983,  laboratory glassware -  One-mark 
volumetric flasks.  

IS0 3696:1987,  Water for analytical laboratory use -  
Specification and test methods.  

I S 0  5725:1986,  Precision of test methods -  
Determination of repeatability and reproducibility for 
a standard test method by inter-laboratory tests.  

3 Principle 

Dissolution  of a test  portion  in  a mixture of 
hydrochloric and nitric acids and  di lution  of the  sol-  
ution  t o  a known  volume.  I f  necessary,  addi tion  of 
scandium or yttrium  as an internal  standard.  
Nebul ization  of the  solution  into  an inductively coup- 
led  plasma atomic emission  spectrometer and  meas- 
urement of the  intensi ty of the em i tted  l ight from  

manganese at 257,61  nm  and,  optional ly,  emi tted  
l ight from  scandium at 361,38 nm  or yttrium  a t  

371  , O3 nm,  simultaneously.  

4 Reagents 

During  the  analysis,  unless otherwise stated,  use only 
reagents of recognized analytical  grade and only grade 
2 water as speci fied  in  I S 0  3696.  

4.1  Pure iron,  containing  less than  0,000 1  % ( dm )  

of manganese.  

4.2 Hydrochloric acid,  p about 1 ,19 g/ml ,  d i luted  
1  + 1 .  

4.3 Nitric acid,  p about 1 ,40 g lml ,  d i lu ted  I + 1 .  

4.4 Manganese standard  solution.  

4.4.1  Manganese standard solution A,  corre-  
sponding  to  0,5  g  of M n  per l i tre.  

Weigh,  to  the nearest 0, l  mg,  0,500 g  of manganese 
metal  [puri ty > 99,9  % (dm ) ]  (see note 1 )  and trans-  
fer to  a 200 ml  beaker.  Add  30 ml  of hydrochloric acid 

1  

                                                        

                                         

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



4851903  0606308  225  

nm 

Mn 257,61  

I S0  10278:1995(E)  

mgll  m91 i 

0.6 0,02 

Q I S 0  

(4.21 , cover wi th  a watch  glass and  heat gently to  
dissolve the manganese.  Cool  to  ambient temper-  
ature,  transfer the  solution  quanti tatively to  a 
1  O00 mI  one-mark volumetric flask,  di lute to  the  mark 
wi th  water and mix.  

1  m l  of th is standard  solution  contains 0,5 mg  of Mn.  

NOTE 1  High purity manganese metal may contain high 
levels of  oxygen. The oxygen content of the manganese 
should therefore be checked before it is used. 

4.4.2 Manganese standard solution B, corre-  
sponding  to  0,05 g  of M n  per l i tre.  

Transfer 20,O m l  of the manganese standard  solution  
A (4.4.1 )  to  a 200 m l  one-mark volumetric flask,  di lute 
to  the  mark wi th  water and  mix.  

1  m l  of th is  standard  solution  contains 0,05 mg  of 

Mn .  

4.5 Scandium internal  standard solution,  corre-  
sponding  to  1  g  of Sc per l i tre.  

Weigh,  to  the  nearest 1  mg,  1 ,534 g  of scandium ox-  
ide [Sc,O,, puri ty > 99,98 % (dm) ] .  Transfer to  a 
500 m l  beaker and dissolve in  40 m l  of ni tric acid  
(4.3) .  Transfer to  a 1  O00 ml  one-mark volumetric 
flask,  di lute to  the  mark wi th  water and  mix.  

1  ml  of this internal  standard  solution  contains 1  m g  
of sc.  

4.6 Yttrium  internal  standard solution, corre-  
sponding  to  1  g  of Y per l i tre.  

Weigh,  to  the  nearest 1  mg,  1 ,270 g  of yttrium  oxide 
[Y,O,, purity > 99.98 % (dm) ] .  Transfer to  a 500 mI  
beaker and dissolve in  50 m I  of hydrochloric acid  
(4.2).  Transfer to  a 1  O00 ml  one-mark volumetric 

flask,  di lute to  the mark wi th  water and  mix.  

1  m l  of this internal  standard  solution  contains 1  mg  

of Y.  

5 Apparatus 

All  volumetric g lassware shall  be class A, in  accord- 
ance wi th  I S 0  385-1 ,  I S 0  648  or I S 0  1 042,  as appro- 
priate.  

Ordinary laboratory apparatus,  and 

5.1  Atomic emission spectrometer,  equipped wi th  
an inductively coupled  plasma (ICP-AES).  

The ICP-AES used  wi l l  be  satisfactory i f,  after opti-  

mization  according  to  7.4.1 ,  i t  meets  the  performance 
criteria g iven  in  5.1 .1  to  5.1 .5.  

The spectrometer can be ei ther a simultaneous or 
sequential  type.  I f a sequential  spectrometer is 
equipped wi th  an extra arrangement for simultaneous 

measurement of the  internal  standard  l ine (scandium 
or yttrium) ,  i t  can be  used wi th  the  internal  standard  
technique.  I f the  sequential  spectrometer is not 
equipped  wi th  th is  arrangement,  an internal  standard  
cannot be used and  the al ternative technique wi thou t  
an internal  standard  can be appl ied.  

5.1  .I Practical  resolution of the spectrometer 

(see A.  1 )  

Calculate the  bandwidth  for M n  257,61  nm,  for Sc 
361 ,38 nm  and for Y 371  ,O3 nm.  The bandwidth  shall  

be less than  0,040 nm  for each l ine.  

5.1 .2 Short-term stability 

Calculate the  standard  deviation  of ten  measurements 
of the  absolute intensi ty or in tensi ty ratio of the  
emi tted  l ight of the most  concentrated  cal ibration  
solution  for manganese.  The relative standard  devi-  

ation  shall  not exceed 0.9 %.  

5.1 .3 Long-term stability 

Calculate the  standard  deviation  of seven  mean  val- 
ues of three measurements of the  absolute intensi ty 
or in tensi ty ratio of the  emi tted  l ight of the  most  
concentrated  cal ibration  solution  for manganese.  Each 

mean  value shall  be determined  every 0,5 h during  a 
total  t ime of 3 h.  The relative standard  deviation  shall  
not  exceed 1 .8 % for the  absolute intensi ty technique 
or 1 ,2 % for the  internal  standard  technique.  

5.1 .4 Background equivalent concentration and  

detection limit (see A.2)  

Calculate the  background  equivalent concentration  
(BEC)  and  detection  l im i t  (DL)  for the  analytical  l ine i n  
a solu tion  containing  only the  analyte element.  The 
value shall  be below the  values indicated  in  table 1 .  

Table 1  -  BEC and  DL values 
I I I  

Detection 

l imit  

Background 

equivalent 

concentration 

Analytical  l ine 

Sc 361 ,38 -  -  

Y 371  ,O3 l -  I -  
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Volume of 

manganese 

standard 
solution A (4.4.1 )  

0 I S 0  

Concentration 

of 

manganese 

I S0  10278:1995(EI 

30,O 

5.1 .5 Graph l inearity 

The l inearity of the  cal ibration  graph is checked by 
calculating  the  correlation  coefficient.  This coefficient 
shall  be more than  0,999.  

75.0 

6 Sampling 

PS/ml 

O 

O, 1 25 

0,250 

0,500 

0,750 

1 .25 

Carry out sampl ing  in  accordance wi th  IS0 377-2 or 
appropriate national  standards for steel.  

Yo ( dm )  

O 

0,002 5 

0,005 O 

0,01 0 o 
0,01 5 O 

0,025 O 

7 Procedure 

7.1 Test portion 

Weigh,  to  the nearest 1  mg,  approximately 1 ,00 g  of 
the test  sample.  

7.2 Blank test (corresponding  to  the zero 
member)  

In  parallel  wi th  the  determination  of the content and  

fol lowing  the same procedure,  carry out a blank test  
using  the  same quanti ties of all  the reagents,  includ-  
ing  the  pure iron  (4.1 ).  

7.3 Determination 

7.3.1  Preparation  of the test solution 

Place the test  portion  (7.1 )  in  a 200 mI  beaker.  Add  
1 0  m l  of n itric acid  (4.31 , cover the  beaker wi th  a 
watch  glass and  heat gently unti l  the effervescence 
ceases.  Add 10 ml  of hydrochloric acid  (4.2)  and con-  
tinue heating  unti l  complete dissolution  has taken  

place.  

Cool  to  ambient temperature and transfer the solution  
quanti tatively to  a 200 ml  one-mark volumetric flask.  
I f the  internal  standard  technique is used,  using  a 
pipette,  add 2 ml  of  the  scandium internal  standard  
solution  (4.5)  or 10 ml  of  the  yttrium  internal  standard  
solution  (4.6).  Dilute to  the mark wi th  water and  mix.  

7.3.2 Preparation  of the cal ibration  solutions 

Introduce 1 ,00 g  f 0,Ol g  of the  pure iron  (4.1 )  in to  
a series of six 200 m l  beakers.  Add 1 0 m l  of nitric acid  
(4.3)  to  each beaker,  cover wi th  a watch  glass and  
heat gently unti l  the effervescence ceases.  Add  
1 0 ml  of hydrochloric acid (4.2)  and continue heating  
unti l  complete dissolution  has taken  place.  

Cool  to  ambient temperature and transfer the  sol-  
utions into  six 200 mI  one-mark volumetric flasks,  

rinsing  the beakers wi th  a min imum  quanti ty of water.  

Using  a pipette  or burette,  add  to  the  volumetric 
flasks the volume of manganese standard  solution  A 
(4.4.1 )  indicated  in  table2.  I f the  cal ibration  graph is 
found  to  be non-linear,  additional  cal ibration  series 
may be used (for example,  see tables 3 and 4) .  I f the 
internal  standard  technique is used,  using  a pipette,  
add  2 m l  of the  scandium internal  standard  solution  

(4.5)  or 10 ml  of the  yttrium  internal  standard  solution  
(4.6).  Dilute to  the mark wi th  water and  m ix.  

Table 2 -  Manganese contents between  
0,002 % ( dm )  and 1 ,50 % ( dm )  

5.0 

10.0 

1 5.0 

20,o 

1 2,5 

25,O 

37,5 

50,O 

Corresponding  

manganese 

content i n  test 
portion 

% ( dm )  

O 

0,25 

0.50 

0.75 

1  ,o0 

1 .50 

Table 3 -  Example for manganese contents up 
to  0,025 % ( dm )  

Volume of 
manganese 

standard 
solution B (4.4.2) 

ml 

1 )  Zero member 

Corresponding 
manganese 

content in  test 
portion 

Concentration 

of 
manganese 
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Y851 903  0606310  983  

Q I S 0  

Table 4 -  Example for manganese contents 

between 0,025 % ( dm )  and 0,25 % ( dm )  

Volume of 

manganese 

standard 

solution B (4.4.2) 

ml 

O 1 )  

5,O 

1 0,o 

20,o 

30,O 

50.0 

1 )  Zero member 

Concentration 

of 
manganese 

O 

1 ,25 

2,50 

5.00 

7 5 0  

1 2.5 

Corresponding 

manganese 

content in  test 

portion  

YO (dm )  

O 

0,025 

0,050 

0, l  O0 

0,1 50 

0,250 

7.4  Spectrometric measurements 

7.4.1  Optimization  of the instrument 

Start  the ICP-AES and let  i t  run  for at  least 1  h  before 
making  any measurements.  

Adjust all  instrumental  parameters,  each gas (outer,  

intermediate or central)  f l ow rate,  torch  position,  en-  
trance sl i ts,  exit sl i ts,  photomultipl ier tube voltage,  
wavelength  of the  analytical  l ine for manganese 
(257,61  nm) ,  Sc (361 ,38 nm)  or Y (371 ,03 nm),  pre- 
spraying  t ime  and  integrating  time according  to  the  
instrument manufacturer's recommended  operating  

practices and gu idel ines to  g ive optimum  intensi ty for 
manganese when  measuring  the  h ighest concen-  
tration  of cal ibration  solution.  

Prepare the  software to  measure the intensity,  mean  
value and  relative standard  deviation  of the 
manganese l ine.  

I f an internal  standard  is used,  prepare the software  
to  use the  Sc l ine (361 .38 nm)  or the  Y l ine 
(371 ,03 nm)  as an internal  standard  and  to  calculate 
the ratio between  the manganese in tensi ty and  
scandium or yttrium  intensi ty.  The in tensi ty of the  
internal  standard  shall  be measured simultaneously 
wi th  the analyte intensity.  

Check the  instrument performance requirements 
g iven  i n  5.1 .1  to  5.1 .5.  

7.4.2 Measurements of the  emitted  intensities 

Ensure that al l  solutions to  be measured are wi th in  
1  OC of the  same temperature i f the  absolute intensi-  
ties  are measured.  Fi l ter all  solutions through  a 

medium-texture  fi l ter paper.  Discard  the  fi rst  2  m I  to  
3 ml.  

Measure the absolute intensi ty or in tensi ty ratio of the 
analytical  l ine beginning  wi th  the  lowest  cal ibration  
solution  (zero member corresponding  to  the blank 
test) .  

Continue wi th  two  or three  unknown  test  solutions,  
then  the next l owest cal ibration  solution,  two  or more  
unknown  solutions,  etc.  In  th is  way,  al l  unknown  test  
solutions are measured wi th in  the same time  period  
as the  cal ibration  solutions,  excluding  any possible 
dri ft  between  cal ibration  and  unknown  test  solutions.  
For each solution,  make five integrations and  check 
that the  short-term  stabi l i ty is the  same as that 
specified  in  5.1 .2,  then  calcu late the  mean  intensi ty 
or the mean  intensi ty ratio for each solution.  

Subtract the  mean  absolute intensi ty or the  mean  in- 
tensi ty ratio (I,) of the zero member from  the  mean  
absolute in tensi ty or the  mean  intensi ty ratio (I, )  of 
each solution  g iving  the  net absolute intensi ty or the 
net in tensi ty ratio CI,), as fol lows:  

IN = li -  I,  

7.4.3 Preparation of the  calibration graph 

Use an electronic calcu lator to  make a l inear re- 
gression  through  the points wi th  the  net intensi ties 

or net in tensi ty ratios on  the  y-axis and  the  concen-  
tration,  expressed i n  micrograms per mi l l i l i tre,  of 
manganese in  the cal ibration  solution  on  the x-axis.  

Calculate the correlation  coefficient.  This shall  meet 
the  specification  g iven  in  5.1 .5.  

8 Expression of results 

8.1  Method of calculation 

Using  the  electronic calculator,  convert the  net abso- 
lu te  in tensi ty or net  in tensi ty ratio i n to  the  corre-  
sponding  concentration,  expressed in  micrograms per 
mi l l i l i tre,  of manganese in  the  test  solution,  by using  

the  cal ibration  graph  (see 7.4.3) .  

The manganese content,  wMn, expressed as a per-  
centage by mass,  is g iven  by the  equation  

PMn 2oo 1 00 PMn 
X- m + WMn,O = 50m + WMn.O 

1  o6 
wMn = 

where  

pMn is the  concentration,  expressed in  micro-  
grams per mi l l i l i tre,  of manganese in  the  

test  solution;  
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Repeatability 

r 

Q I S 0  

Reproducibility 

I S0  1 0278: 1 995(E) 

w ~ ~ , ~  i s  the  manganese content,  expressed as 
a percentage by mass,  i n  the  pure i ron  
(4.1 )  (th is may be  neg lected  when  it does 
not  affect the  accuracy);  

i s  the  mass,  i n  grams,  of the  test  portion  
(7.1 ) .  

m 

8.2 Precision 

A planned trial  of  th is method  was carried out by 28 
laboratories in  1 2 countries,  using  six levels of  
manganese contents,  each laboratory making  three 
determinations of manganese content at each level  

(see notes 2 and 3) .  

The test  samples used  are l isted  in  table 6.1 .  

The results obtained were  treated  statistical ly i n  ac- 
cordance wi th  I S 0  5725,  using  the  data obtained from  

the  samples containing  six levels of  manganese 
wi th in  the  application  range.  

The data obtained showed  a logari thmic relationship 
between  manganese content and  repeatabil i ty (r)  and 
reproducibi l i ty (R  and R,) of  the  test  results (see note 
4),  as summarized in  table5.  The graphical  represen- 
tation  of the  data i s  shown  i n  figure  C.1 .  

Table 5 -  Precision data  
Manganese 

content 

YO (dmì  

0,002 

0,005 

0,Ol o 
0,020 

0,050 

0,1 00 

0,200 

0,500 

1  ,o0 

1 .50 

0,000 23 

0,000 44 

0,000 73 

0,001  2 

0,002 3 

0,003 8 

0,006 3 

0,01 2 1  

0,01 9 9 

0,026 6 

0,000 64 

0,001  2 

0,001  9 

0,003 O 

0,005 5 

0,008 8 

0,01 3 9 

0,025 7 

0,040 8 

0,053 5 

0,000 38 

0,000 71  

0,001  1  

0,001  8 

0,003 4 

0,005 4 

0,008 6 

0,01 6 O 

0,025 6 

0,033 7 

NOTES 

2 Two of the three determinations were carried out under 
repeatability conditions as defined in I S 0  5725, ¡ .e.  one op- 
erator,  same apparatus,  identical operating conditions,  same 
calibration, and a minimum period of time.  

3 The third determination was carried out a t  a different 
time (on a different day) by the same operator as in  note 
2, using the same apparatus with  a new calibration.  

4 From the results obtained on day 1 , the repeatability (r)  
and reproducibility (R)  were calculated using the procedure 
specified in I S 0  5725. From the first result obtained on day 
1  and result obtained on day 2, the within-laboratory 
reproducibility (Rwì was calculated. 

9 Test report 

The test  report shall  include the  fol lowing  information:  

a)  al l  information  necessary for the  identi fication  of  
the  sample,  the  laboratory and the  date of  analy- 
sis:  

b)  the  method  used  by reference t o  th is  International  
Standard; 

c)  the  results and the  form  i n  wh ich  they are ex- 
pressed;  

d)  any unusual  features noted  during  the  determi-  
nation; 

e)  any operation  not specified  i n  th i s  International  
Standard,  or any optional  operation  wh ich  may 
have influenced the  results.  
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m 4853903  0 6 0 6 3 3 2  756 m 

I S 0  1 0278:1 995(E) 

Annex A 
(normative)  

Procedure for the determination of instrumental  criteria 

For the  preparation  of standard  methods of analysis 
using  inductively coupled  plasma atomic emission  
spectrometry,  the  values for the  instrumental  criteria 
should  be decided from  interlaboratory test  results,  
by the  working  group in  charge.  

A . l  Practical  resolution  of the  

spectrometer 

Resolution  is subject to  theoretical  defin i tion  bu t  i ts  
practical  assessment normal ly involves a wavelength  
scan across the  spectral  l ine of interest,  plotting  the 
profi le,  measurement of the  peak wid th  a t  half the  
peak height and  calculation  of the resolution  in  
nanometers.  An example is shown  in  f i g u reA. l .  

A.2 Background  equivalent 

concentration  and  detection  l imi t  

Prepare three  solutions each containing  the  analyte 
elements of in terest at a concentration  level  of zero,  
1 0  times the  detection  l im i t  and  1  O00 times the de- 
tection  l im i t  respectively.  These solutions should  also 

contain  concentrations of acids,  fusion  agents and  
matrix elements simi lar to  those in  the  samples to  be  

analysed.  

Spray the solu tion  at  1  O00 times the detection  l im i t  
and wait about 1 0 s after the solution  arrives in  the  
plasma to  ensure stable nebul ization.  Set operating  
and  instrumental  conditions for the  element in  ques-  

tion.  

Careful ly posi tion  on  the maximum peak a t  the  se- 
lected  wavelength  and  select an appropriate 
photomultipl ier gain ( i f  the  selection  is not automatic)  
to  ensure that the  intensi ty is measured to  four sig- 
nificant dig its.  Set an integration  t ime  of 3 s.  

A.2.1  Determination of detection l imit 

Spray the blank test  solution  for approximately 1 0 s.  
Take 1 0 readings a t  the  pre-set integration  time.  

Spray the solution  containing  1 0 times the  detection  
l im i t  for about 1 0 s.  Take 1 0 readings a t  the pre-set 
integration  time.  

From the  intensi ty readings obtained for the  blank and  
the solution  at 1 0  times the  detection  l imit,  calcu late 

the mean  intensi ties xi and r?, and the  standard  devi-  
ation  of the  blank $,. 

Calculate the  net mean  intensi ty CX, , )  for the  solution  
at 1 0 times the  detection  l im i t  using  the  fo l lowing  
equation:  
-  
Xn1  = xi -  Xb 

Calculate the  detection  l im i t  (DL),  for the  element 
considered using  the  fol lowing  equation:  

where  pi is the  concentration,  expressed i n  micro-  
grams per mi l l i l i tre,  of  the solution  at  1 0 times the  
detection  l im i t.  

I t  should  be pointed  out that the detection  l im i ts  cal- 
cu lated  in  th is  way have a wide  margin  of error owing  
to  the  l im i ted  number of repl icate measurements.  

A 2 2  Determination of background 
equivalent concentration 

Calculate the  background equivalent concentration  
(BEC)  using  the  fol lowing  equation:  

-  

BEC =& 
Xn 1  
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4851903  0606333  692  W 

Q I S 0  IS0 1 0278:1 995(E) 

I  Zn 21 3.86 nm 

Zn 21 3.80 nm Zn 21 3.86 nm Zn 21 3.92 nm 

I- 1 5 tm 

2 0  

1 5 
Resolution = (21  3,92 -  21  3.80) x I  = 0,01 6 nm 

Figure A. l  -  Example of calculation of practical resolution 
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I S 0  1 0278:1 995(E) 

Manganese content YO (dm)  

W 4853903  0606314  529  

Precision data 

Annex B 
(informative)  

Certified  Found 

Additional  information on the international  co-operative tests 

Repeatabil ity 

The repeatabil i ty and reproducibi l i ty data in  table 5 ISO/TC 1 7/SC 1  N 992,  June  1 993.  The graphical  
were  derived  from  the  results of international  analyti-  representation  of the  precision  data i s  given  i n  

cal  trials carried out in  1 991  on  six steel  samples i n  
1 2 countries involving  28 laboratories.  

The results of the  trials were  reported  in  document 
ISOflC 1 7/SC 1  N 940,  Apri l  1 992 and 

annex C. 

The test  samples used are l isted  in  table B.1 .  

Sample 

JSS 003-2 (High-purity iron) 

ECRM 097-1  (High-purity iron) 

ECRM  090-1  (Unalloyed steel)  

ECRM  081 -1  (Unalloyed steel)  

ECRM 051 -1  (Unalloyed steel)  

ECRM 089-1  (Unalloyed steel)  

I  WMn,l 

0,001  8 

0,006 4 

0,226 

0,605 

1 ,1 8 

1 ,376 

0,001  71  

0,006 59 

0,226 O 

0,602 8 

1 ,1 90 

1 ,382 

wMn,2  - I r  
0,001  73 

0,006 51  

0,225 2 

0,602 2 

1 .1  91  

1 ,383 

0,000 1 9 

0,000 62 

0,005 4 

0,01 6 7 

0,025 

0,022 

Reproducibility 

R 

0,000 54 

0,001  38 

0,01 8 5 

0,041  O 

0,035 

0,042 

0,000 40 

0,000 73 

0,007 7 

0,020 8 

0,028 

0,035 

-  
wMn,,  :  general mean within  a day. 

w ~ ~ , ~  :  general mean between days. 
-  
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4853903  0606315 4b5  m 

0.05 

0.02 
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a 

0,000 5 

0, 000 2 

0,000 1  

I S 0  1 0278:1 995(E) 

-  
-  

-  

-  

= 
-  -  
-  
-  
-  

-  

-  

r -  -  
-  
-  

-  

-  

1  I 1 1 1 1 1 1 1  I  I  I 1 1 1 1 1 1  I I 1 1 1 1 1 1 1  I 

Annex C 
(informative)  

Graphical  representation of precision data 

Ig  r = 0,71 8 6 Ig  WMn,l -  1 ,701  2 

lg  R = 0,668 6 lg  WMn,, -  1 ,389 1  

lg R,  = 0,676 8 Ig  iVMn,2 -  1 ,591  5 

where 

WMn,, is the  average manganese content,  expressed  as  a percentage by mass,  obtained wi th in  a day;  

wlvln,* is the  average manganese content,  expressed as a percentage by mass,  obtained between  days.  
-  

Figure C. l  -  Logarithmic relationship between  manganese content (WMn,, 1  and repeatabil i ty (Y)  or 
reproducibility (R  and R,) 
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