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Preface 

This publication has been prepared as an aid to all users of Standard Reference Materials, 
and should be especially helpful to users in countries that are developing national measurement 
systems. Standard Reference Materials (SRM's) represent one aspect of the total measurement sys­
tem needed to produce adequate measurements for science, technology, and industry. This pub­
lication attempts to describe the role SRM's play in the total measurement system, hut is not 
intended to be an exhaustive description of the NBS-SRM program. 

The information contained in this publication must be viewed within the context of the in­
dividual nation's measurement needs and priorities, which of course vary from country to country. 
Further, this information should be useful not only to new industries, but also to mature industries 
seeking to improve their quality control procedures. 

This publication covers the role of SRM's in a measurement system, both general and specific 
uses of SRM's, and selected fields in which SRM's have made significant contributions. 

The desirability of a general publication on the use of Standard Reference Materials has long 
been recognized. However, the initial impetus to undertake such a task came from the U.S. Agency 
for International Development (U.S.A.I.D.) as part of their piogram to provide technical assistance 
to developing countries. U.S.A.I.D. also furnished partial financial support for this endeavor. 

For further information on Standard Reference Materials, write to the Office of Standard 
Reference Materials, National Bureau of Standards, Washington, D.C. 20234. 
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This publication is a guide it) the use (f Standard Reference Materials (SR{M's) and should be
useful to all users of SlIM's particularly those in countries developing national measurement systems.
It is not intended t, be an exhaustive description of the NBS-SICM program. but rather a review of 
the role SRM's play in the measurement system, h1,w SIM's are certified, and what the certification 
means. To illustrate the use of SRM's. several selected industries are described in which SRM's have 
made significant contributions. 

Key words: Certification; neaningful Imeasurement, Imeasurement; measurement system; precision;
reference mcthd; spercificity, SIM; standard; Standard Reference Material; systematic error. 

I. INTRODUCTION 

Standard Reference Materials represent one facet 
of the national measurement system in the United 
States. Before describing the role they play, the 
meaning of measurentent nust first be discussed. 

Most ineasuirements ale made to connunicate 
information on Iroperties of material things in a 
purposeful way to acconilisli useful goals. Ctl-
munications can i'b effective or ineffective. In 
parallel, niieasttreinents nilparalei ('anli he mevaninpful ot not 
meaningful. Meaningful neasurenents allow us 
to mniike decisions on a solid, objective basis. For 
example, a transaction imvolviig 10 kilograms of 
sucrose of 99 percent purity is likely It cause littlecontroversy bet weetn htyer andl seller, becautse 

conrovrsy beieen biivr nd ellr, eca se 
analytical instrumntvs and stales are available to caiotithi llamttiacieriz till le aper e mtt jiti ~ciatctldeter ne 99 dete nuim e 99 n y nd 0 ki ogra s with a we'll-chtaracteri/edh tiat('ria i, c'alled aprcevnt puity ajid 10 kihgra ns to St n ad R f-e c M i r l S O .In le 
within some specifie'd (lgret, f tibrat e. ()nofftroltc(n 
tie ollier ihand, |tllastri'em||iets f fragrance and 
laste on a scale of desirability arn still highly
subjective, and(] decisions based on results .f 
"experts" are frequeittly subject to '.introvrsy.

The irinciple diffret ntl twtriae situations isa 
that the first involves Inumbers associad witi 
distinct, well-defined properties, wilie iF' secomd 
does not. 'To see what conslitutes neaningful 
measurements, and how they itay be propagated 
throughout the industrial aitd technological coin-
munities, the ineasuremetit process list be 
exam ined. 

A. The Measurement Process 

The Measurement in science and technology is 
that process whereby a numerical value is associ­
ated with a distinct, specific, and uni(i:e property 
(f a material. The nagnitude of I.he nuniber is 
related to the amount or degree of that property in 
a particular material or similar class of mnaterials. 
The word "naterial'' is taketn in its broadest seis" 
to include all those things considered ito constitute 

e physical objects of til observable tnivirse.1939,rntr|tSlanar 111 poire1tainu apet 
Itt 19t39. Shewhart IllI p.ointed lt Iw. aspects

of tie nteasurnt tt u ralt ss that t' dec rie d as 
tt0latittitatiw', atid (tialiv "l l. farer asp ect 
reacirns nuntlrs asso iathed wit a s'ahlo, in terreading, ('ottiter, or the" like. Iii mnth of"tifs pthli­
('all.||. Ihis qutantitativecon', sideration will be assam­

e 
Standard IroSi(-). Mtehrial l ittih se 
onaterials, atmessilrc prdprties will hitwv' a t itnberor 

of numbers assigted in namt|,er gotalswt a t aia Io time 
nutnihrs associaied with a ntter Fti(k, atliughin 
ttany itstances (li S{M will have oeV, unique
vle seies f in'rememtal values. 
Thius, while a iteter stick may have numerous divi­
siotis of the tiieltr along its lemigtll, a copper alloy 
SRM will have just one utllo'r ass ciated with its 
copper cotittt. In ally easC, lie SRM represents 
the quatititative aspect of measurement, especially 
useful wiere coiiposition is Ihe property inder 

jnd,,ale ti,I Figures inbrickemtt literature rrfercn,,e, ati iheend of ech chapter. 
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measurement. The qualitative aspects of measure-

ment are included in what is often called tile pro-

cedure, or the method. Included in this factor are 
such things as apparatus, reagents, indeed all those 

or cat) affect the course of thethings that are used 
tihe experimenter ormeasurement. Obviously, 

of operations, control of measurer, the sequence 
must be stated in thethe ambient conditionas, etc., 


written method used by tihe operator to make the 


actual measurements.
 manExperience over many centuries has taught 

that, if he call agree on one universal set of coherent 

ie can more effectively conimmuiicate with
scales, 
his fellow mian across time and geographical bound-


there is no logical reason why

aries. In priciple, 

could not be utilized, as his-many different sets 
torically they have, but the economic, political, and 


are so apparent,
social benefits of one universal set 


that most of the world's nations have now agreed to 

scales called tihe Inter-
use the set of measarement 

of Units (Syst~ne Internationalnational System 
as SI. This rational. self-

d'Uni!ts) and abbreviated 

consistent system of units of measurement includes 


the bae units (mass, length, time, electric current, 

himinous intensity,thermodynamic temperattire, 

and the mole), and the derived units (area, density, 

energy, etc.), together with rues for their uRe 12, 31. 
Having defined the units, access to the units is 

refined nasremeit proc-provided through highly 
cases one can reconstruct the unit,esses. li some 

on artifacts such as sets ofin others one relies 
whose magni-weights, gauge blocks, and tie like 

the unit have been carefullytudes in terms of 
established - especially when the magnitudes met 

in local measurement prctice are far removed from 

large muliples or small fractions of) the(i.e., are 
lihe rise, of such refer-base unit. The uncerta;nt y in 

ence standards is a function of both the method and 

the process precision. The uncertainty of the 

assigned value of the reference standards becomes 

a systematic error of the process in which the arti-

fact is used. 

B. Compatibility in Measurement 
if meas~urements between nations, between 

aindustries,setweenbuyerandsefler, indeed between 
enfor twsefulindutwomorie atesu and e r ibe 

any two or more parties are to be useful for some re-
alizahle prpse, the measurements must be con-

Assume two different, laboratories measurepatible. 

the same specific property on samples taken from the 


same lot of a stable material. If the two iridependently

two measurements,

values agree, the 
determined 

said to be 

compatible. The critical question is, "Agree with-
and hence, the two laboratories arc 

limits?" In practical measurement situa­in what 
be defined in termstions, these limits should of 

the useful end requirements. Ilaving established 
one is concerir-d with verifying that

the limits, 

the results of tie measurement are compatible 

with the limits, 


Dr. Robert D. Huntoon, former Director of the 

NBS Institute for Basic Standards, discussed fully 
on the importance of compatibilityfis concept 

the 6th Materials Research Symposium, Stand­at 
Materials and Meaningfulard Reference 

Measurements [4]. 

C. Meaningful Measurement 

system producesBy definition, a measurement 
the numerical value of the amount of a well-defined
 

property of a material.
 
a numericalThe technique by which such 

micas­property of a material is otained is called a 
The use, or the realizations, of

urc;unent method. 
the method over tine yields values produced by the 

measurement process.
 
The practical measurement 
 processes of in­

are varied and complex. In some instances,dustry 
of the disintegratiol of

such as the measurement 
using a radiation detector, the

nuclear particles 
process is essentially a counting operatioli and 

simple. However, in toe
therefore conceptually 

is far moremajority of situations, the process 

complex and consists of a sequence of operations, 

each of which may be a process of some complexity. 

At the end of this sequence of operations, a numer­

ical result emerges together with ali estimate of 
cases this result can be ex­uncertainty. In most 

pressed in units according to an acce)ted system 
and tech­of base and derived units-for science 

the SI. While every onenology, that systen is 
with fresh realization of tie basecould start a 

as oneunits, the accumulative systematic error 
an be large. Such an 

moves through the process 
to being costly mayapproach, in addition not 

are within the desired limits.produce results that 
It is here that the role of SRM's emerges. The SRM 

of a set f weights or 
serves a role similar to that 
gauge blocks. With carefully prepared SRM's, the 

of the result is mostly a function of
uncertainty 

of the SRM and the measurementthe uncertainty 

process.
 

process is to be meaningful,If a measurement 
then the numerical values obtained should be 
specific, precise, and free of systematic error (or 

within the ai.reed on or practical limitsbias) 
for the cod use. When these goals haverequired 

been achieved, then the measurement results may 
le said to le accurate. Thus, by this definition, a

termed ainaccuratemeaninful measurement is 
A full aind comltei discussion of

measurement. 
f accuracy is not approdriate for this

all concepts 

as it is a subject that measurementpublication
scientists are not completely agreed upon in all 
of its ramifications, (For detailed discussions on 

tile term "accuracy," see references [5, 61.) 

. Specificity. 

During time measurement process, only the 

property under test must be measured, and not some 

2 



combinations of proierfies that may give tie false 
impression of singularity. Non-specificity can be 
considered a special' case of systematic error, and 
could be includcd in that discussio. iHlowever, 
especially in the measuti ement of chemical composi-
tion, its insidiousness as a special source of" error 
is so striking (when found) that special emphasis is 
warranted. 

2. Precision. 

A high degree of precision in a measurement 
process is demonstrated when essentially the same 
numberical value is rejieatedly obtained. lit some 
measurement circles. Ihe measure (of precision 
within tie same laloratory is called repeatability: 
between dilferenlt laloratories, retllro(llcillility. 
(Alternatively, time terns. -intra-" and -inter-
laboratory" ' isio. reslocclively. are ellen used.) 
The interlay and cmillipalims of varying l,'.-cs 
of inaccuracy wit v ryiig dcgrr..s, imprecisim 
ina measurciment arcdiscllss(dl ii.(;(. idepth by 
Eisenhart 161. I prattice. as ,tlIlseP theoreticald to 
cOcsidleratiomis. a high degrc. of acilra'v is usualh 
positively ciorrela. (I with a hlih ihegree 0f iirecisil. 
But, also in practice, highly precis, systlnis are 
sometimes found to)be higlyh inaccurate. This is a 
real danger aid nust be carefully considered. M.ore 
detail on this is presented in Chapter Ill (B). 

3. Systenatic Error. 

The third requirement for a measurement to be 
meaningful is that it be free of systematic error. 
When systematic errors are present then the 
numerical result differs from the "true value.' From 
a practical point iif view for the large majority (if 
measurements inadl ill industry and tecllh gy.
the "true value" (,all be c(msilerel ill anioperatimal 
sense. Th'lis requires t hat atcarefi I assessmniit le 
made (of the systeilmatic ernlirs ill i-a'll silt of tile 
measurement pi-octss. When the systlematic errors 
have been idletified and eliminated, tle resuling 
numerical value can be equated to ithe "Itrue value." 
Furthermnore, the valut iltaimed by this jirlicess 
shioald be essentially saille as that oblained bylilt 
any other acceptable proie((,ss lsed to measure the 
same property of the same material. 

4. Other Desirable Charinlteristics, 

There are, of course. ither desirable attributes of 
measurement-sensitivity of' detection, a large 
dynamic range, ease of operationi, speed, low cost, 
and several others. These, holwever, are pragmatic 
considerations by and large, while specificity, pre-
cision, and freedom front systemlatic err abso-
lute essentials to Ihe attainment (if meaningful 
measurement. The iseof SIM's in measurement 

will be shown to have some impact in attaining 
many of these other desirable attributes. 

D. A Systems Approach to Meaningful 
easurement
 

There are several ways in whihh1 a meaningful 
measurement sysltem (,all be built. maintained. or 
expanded. Many of these IIde~s are now opera­!,ii 
tion in various sciences. industries. and technolo-
Dies. Principal anioig these are: calibralion services. 
especially for instruments calibrated at a cetral. 
competent source and rturitd I li,iuser: liIbli­
cation of standard refere nce data. which if critically 
evaluatid and given t,,gilt with Ilic detailedher 
li('asill(i llit. ali,,s ithiers IIIlist, the 
data directlv or to1 tlrlice t ,, leasurc­oiilial 
liuclils: th, r,,ovisin lf11 nlasure iul.lt iginals 
(tinw interval. frequency. etc.) via a (nts raf+
 

trav r11u411,,ncth,,dI,,,Nt. )SlS:asfrl.''ndael lh ! 
tllmllIthmallN pr,,duccd nlalials f realizal IpIitN 
and slabili i(e..cspmiltialill , ' Ili/ll,' ritytIf'e 
tdatiiiui 1(sed t, realize illc 'anl'ihhi: iunifac­
tlil evics a i/i,r ratirial, Iude a ailhlh if) 
, c-h'ollibilit a field <,n a rncii y ill i1aro la'ivc 
railher lhan abs,,lt or Iacchllrac. I basis. 

In this dlislussim ie lll asis %%ill hieplaced ila 
mneallingfl I'ilelillemict syse'll baseil on SINl's 
and reference nethlohgy. 'lo',gelehr. these pro­
vide a inechlanisn %%litrcby coinpatibility can be 
transferred with speed and mon,,lest cost into 
practical nleaslirvilint fields. Thlcre arc. five major 
components ,f'this system that will ;)c described, 
some in more dletail than tlers. The relationships 
of these comon ents are slhiw n illfigure 1. 

MEANINGFUL MEASUREMENT SYSTEM 

I 
of 

UNITS 

MEASUREMENT 

STNAD23EEEC 
REFERENCE METHODS 
MATERIALS 

ASSURE
 
QUALITY ASSESS ACCURACY 

MFGS of FIELD METHODS L4 
WORKING -

QUALITY CONTROL
STANDARDS 


I LONG TE'RM 
QUALITY CONTROL 

ASSURANCE
 

I 

THIS SYSTEMVCAN PRODUCE 
MEASUREMENT VALUES 

THAT ARE PRECISE, SPECIFIC, AND
FREE OF SYSTEMATIC ERRORS. 

Fw;utp I. 
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1. 	 Component I -A Rational,Self-consistent Sys. 
tern of Units of Measurement. 

As stated earlier, international agreement on a 
large scale has been reached to make this system 
the SI. In scientific measurement areas (metrology, 
physics, chemistry, etc.) the SI is now used on a 
wide scale. Full inplementation has not yet occurred, 
primarily in areas of industrial technology. The 
most obvious example is that of the U.S. where 
many engineering amid technical measurements 
are still mnade and reported in non-SI units. Ilolpe-
fully, this situation will be resolved within the next 
10 years or so, since a recoimendation has been 
made to the U.S. Congress that tihe U.S. -go 
metric" (i.e. adopt the SI) 171. For well over 90 
percent ff the SRHN's issued in tle U.S. through 
NBS, tihe properties are given in SI units, althhough 
the correspling iwo-Sl units may also be re-
ported. For soiie eligimleerilig oriented SR1M's. 
arbitrary, non-coherent units aret use(d where the 
SRM is made part of a test recipe (e.g., the "flame 
spread index" of the Surface Flammability SRM). 
For purposes (f this publication, compolient 1 is 
tle SI, even though occasionally certain exceptions 
must be taken. 

2. 	 Component 2-The Materials to !ealize in 
Practicethe Si Units and Their Derivatives. 

To realize (or determine) the SI unit candela, 
platinum of a specified and known purity is neces­
sary because the candela is defined in terms of the 
radiation of a black body at the freezing temperature 
of platinum. In carrying out this determination a 
rigorously written procedure will also be specified 
and the eventual accuracy will depend oil both the 
purity of the platinum and the adequacy of the 
method. Such methodology is called a reference 
method (see, Component 3, next). Similarily, if tile 
mass of copper in a industrial copper alloy is to be 
determined with known accuracy, so that comlpati­
bility throughout Ile copper industry is to be propa­
gated, then a copper alloy of known copper content 
and a reference. method of analysis to specify the 
actual steps in its determination must be available. 

II munch of the world, these well-characterized 
materials are called Standard Reference Materials 
(SRM's) and are prepared, measured, and certified, 
in most instances, by national standards labora­
tories. At NBS, the formal definition of ani SRM, 
which includes these primary uses, is given in 
figure 2. Examples of these uses, for specific areas 
of technology, are included in later chapters of this 
publication. 

The key characteristic of an SRM is that the prop­
erties of interest be measure(] and certified oil the 
basis of accuracy. At NBS there are three routes that 
are used to accomplish this goal. 

A Formal Definition of NBS Standard Reference Materials (SRM's) 

SRM's are 	well-characterized and certified materials, produced in quantity: 

(1) To help develop reference methods of analysis or test; i.e., methods proven to be accurate. 

and/or 

(2) To calibrate a measurement system in order to: 

(a) Facilitate the exchange of goods 

(b) Institute quality control 
(c) Determine performance characteristics 

(d) Characterize at scientific frontiers 

and/or 

(3) To assure the long-teri ade ucgacy, and integrity of the quality control process. 

thus 

Ensuring the Compatability and Meaningfulness of Measurement in the 
Nation 

for 

. . . Science and Technology
 

. . . Production and Distribution of Goods and Services
 

. . . Government
 

FIGURE 2. 

4 



------

-- -

(a) Measurement of the property using a previ-
ously validated reference method. By definition, a 
reference inethod is a method demonstrated to be 
accurate. When such a inel}od exits, then any 
unknown material (falling wihin the scole.and limi-
rations of the nelholl) may have its property 
measured accurately. To Iininlize lilte possibility 
of personal bias. or other mloreseen ldifliculties. 
two or more analysts, v,,orking independently. but 
using the saime methodology. Illust Ierfort the 
work. Table I gives an illustration (ifthis route of 
measurement. 

61-r, ......TAIJLE 1. SeHi ehients 
I .u tmnasore 

Hod No. Analyst I Analyst 2 

2 426.5 
13 426.2 
1' 425.6 425.9 
18 426.1 426.0 
56 426.9 425.0 
66 426.0 425.4 
78 126.2 425.6 

106 425.7 

426.15 425.58 
or...... ......... 4 1 ± 0 .4 0 
Average ................... 


............ .
 
95% LF...................± .98 - t.1l 


(b)Where pr(viltluly established reference 
Itw o or morv indl endent.melthods (ho nt) exist. tl(i 

reihl)h, ntle ;allrleln lit ntliodl s are used. A reliabl.-
melhod is one of' hilh tr(eisihln. hilton1(,whose 
systematic biases have not been fulh' discovered 

(c) The third route is a variation of the second. 
Where a previous issue of an SIM is availalble to 
be used to assure intralaboratory qualityvclntrol. 
theni many lab'or:lories can le formed in an a(Uhoe 
network to perform the work Each hlhoratorv 
uses Ihe method fell ItI he most recliable (and 
accurate under that laborat rv's iviraling rondli­
tions, hut nist rim tw prior SlZ\ in parallel with 
lite unknown a 'lh(. i,-oilt, %ill be iised ais 'hik. o 
Only wlhenl the certified value ,,1it.prior S10\ is 
oblained. ,hvioisl.o lalu,,,,i,. Ihle 
highest Itechnical cumett't anl Iloro"Iglly
kn,,whedgua hh and f'mn Ilhr Nifli thi, iarliculr 

material tindIr stml% should participate
work. .Ai NS. this ]owtv i I1. ott 
In~lsiad( Mid ve00t' SHNIni--l-lnt.%l\IL.and 'crtii r,.mwal .SlI 

ShIM's arc folint- ltlfr SLIM 
( f t' has exhalatled: 1t'N al ,whicl hou-,i 

closely sinilar t,, Ilhe originl Shl s. 
illustrates this route. 

ill stch 
Iused to)
lti'.al 

snllly 
imthrials 
'Tlahh. 3 

T.\tIE 3. SR I1117-- Ih,. , ,n eatIh St,eel 
I........ ......
 

(Nowi: C,,ml ,li,1insIep ( ,,1 
.. .... . . . . ... ...


1 Gra im 'i'--1p -amnpI 
-, am Ih.06 

2 V,ihnivhettiI 
2 (;ra~i niai.-.. 

- .dIt~h 

r 

1i1,01to all) ,artu, 
.. .... . . ..­

3 ;u'a h % ighl 12.73 p amplo.inii,- ,.i 
3 -il,.07 
,1 (;rItsi ,.itr, i-Ii I1.36I-hrll.., 

5 i ir-isriiniith'-hi dAi 
samleh 

5 'rhiiiialrihih-ii.17 -ailih' 

tOl 

1t.06 
.(oo 

1;isiinihir-t 
1.06 

I.36.08 

1.(8t 

es...........s.stem...............................
antd evaluated. In this l-ttlh,.thle t' t d SVS- . ..n h 1.07

alic biases of each lilt noll ar evaluated by Ihe 
analyst and luist Iewsmall relative to the overall 
uncertainty of tlie final .ciliid value. Table 2 
illustrates this roilte. 

"rAllIlE 2. SRI/ 1577-Ihaine L.iver 
Il:CI,, 

Sampte 
ill-MS 

1 1. 03221) 

2 .26 
233 

.27.27.27 

4 .28 
4 --
5 - - -
6 .26 

X .28 

I ' 2.. . ii 1 ti,,'. ...... W 

Concenlratimn (jigjg) 

Atomic absrl. l'uhlregralhy 

0.20.29
 

.21 


.26.20.27
 

.24 

.27 

.30 

.26 

.27 
2 r .l1. .0-4 

flange (all resulls) 0.24 - 0.32 
Recommnended vilue- 0.27 t 0.01 

*Outlier, discarded for slliind reasniis. 

0.26 

.16" 

.28 

.28 

.2, 

.01 

.(17ean ............................................................. 

.IIitll.ni ,vlll,
 

61iifllhti. ualhiglt 
All I als usd SIM 16d as ronlrir 

tli .'de fi i oil1 11 . hlrlas eFin a lly , iii l lin f a n the 

*prlill'ed in quaniilyt"has inliortan iitlnllicaltills 
for allyolne consill, ilig SI0l's as an integral part 
of their qualitycll trol proiess, ,1 NIS. a six It 

tell year suiply of' all SlI0 is uisulally pli'livi4cd ill 
lo u .A\s t ll) ll S lIMNI h e 'Ii l i e o l ,rl i t h 'ai i , s . i l'o fl 

et'Is I m. a renewi\val SlIM is jllit'ld. h'llis assures 
till s1('s of, al l tliah,. ialtleil liills. alld rehihhal 
Source'( of"Sulyl. s;o 1thai qu~alily (',1ill'rtheirtl' l if" 


niteilSl ii llt t,,eie.,i s Inay he lt iiatailed and 
ilnproc l on a conulilill basis ,%fclthe life of tileir 
ophueratioslls. 
3. Component 3 --IHefl/,r,,m - liehod, qf .'lemsilre­

ient! I/id 10th or I.llw 'n 's. 

A reference lilntlin 1 is dclud its "a ietlil l of 
proevel all aeieiriy."ied 'Ilese havec!hil'lll ,ll 
been called variously: umpire methods, referee 

methods, standard metloids, and soC forth. In any 

http:Iitll.ni
http:rhiiiialrihih-ii.17


case, the operational definition just given is tile crux 
of the matter, although international agreement 
on a descriptor wouldi help to avoid future mis-
understanding. Absolute accuracy, implying 
methods with no systematic biases, is an unattain-
able goal, not aclievable by mere mortals. It is iii-
portant to realize that the cost of' obtaining greater 
accuracy increases exponentially. Therefore, only 
that degree of aclcurac'v required shuld be sought, 
making allowance for further advances in Ole cur-
rent state-of-the-art. A good g-uideline is to strive for 
a reference mnethod Mhose accuracy is three(,( tines 
better thaii that crrentlly riiquired by te emild use. 

The develollomtin of re.eren'e inetinds is a linle-
Consulming, expilsive, and omliplex Inl'ness. ill-
volving these steps ialth "ll Irimtations art. 

possiblI). 
(1) 	A group of exprltts slilrveys the literatore tiP 

ehise a candidatlt mietlhod-oie expected to I 
hiive sniall sysnmatic' lilase.s. "'h-valsi dhecide' 
what the accurlcy g.al shohl Ie for the 
referen'e mielid, conideriig tht required 
end use. 

(2) 	 A enltra! laboratory is c'hosen to: (ordinate 
the wink: develop the statistical desigmi: pre-
part. and distribute samipes that have been 
previously in.asilled by tIe etntral lalboratory
using ao imndetndenlt mI thnld of kini In a ­

curacy, but owm ulsully availabnd to tme 
fieclin iest li: ali listriltet tei Sl .I- a i 
liecessaryv jriecinlition is atvailabilitythet' .f 

te 	 applropriale SHI . 

(3) The grIimlpof experls. ii (injiniitiil with lle 
ceiitral lalurator. writes the first i;fve.rsion a 
detaildIproc(du're Irto I). and helps select 
a grolip of riwasurement laloratories (usually 
6 to I0)la i na t res ) willih .t I( 
perbf-iiing Ime wirk callell for inthlie I 

an interim solution to this question of accuracy may 
have to suffice for now. Some scicntists have pro­
posed accuracy by edict, a scheme whereby experts 
declare a particular method to be the accurate 
method against which all mother alternative methods 
will be assessed. If the method clhosen by edict is 
carefully selected an( soime modest interlaboratory 
testing done, then this interii solution may meet 
present lressures. This atpriaclh should assure 
compatibility at least. 

Intie lng Iul no substitte exists for Oie hard, 
scientific work thal establisles illIl laboratory the 
acclliral, o tie analytical imet d. 

1. 	 Component 4-Est mlishment .fCompatibility 
into a Iidr.:lr'a ofTerhnotog" tia the SRA! and 
Rirerce Method. 

Componimenits 1.2. anid 3 are silfli(cienl illIhemselves 
i l tLdi-iirille Iliastlvi'lllelliill g , s iin a few well­

qualified laboral(Iivs. Thie real proiblem is. however, 
io impr\e thlie qilalit of ai l make compalible ihe 
iieasuremiicnt i lie average laboraltry oii a routine 

basis. Ther- art tNo asplecst Io lis rI'uleiii. lo)e 
imolvin, Ihe fieh (rntlille) inetlolds ier se. ihle 
otlher ('oi'ernid ilwih c.mliercially oipridu'd (or 
il-hoilosW) 1%oikiig slanlarl.. 

ssessment j Iild methods..As refiv'im methods 
and SliM's 	Ic iI available. rsp)II-silh ' roups 

s niholh -il Ilhe assessment o1 tlw Various fiel 
Iithiods currenily iii use,. \he I le lest materials to 
be used ii tihe asse-ssment tiroess art(-characterized 
on an alsolite (ccllracy) basis via the referelle 
method and SIM, Ihe inac.uracies of the tested field 
melods will becomeic readily apparet. Alternatively, 

'
 
ii soni. eases,. ai SlRI can Iw-used alone for this

l tiv b e­p urpos e. As 	 thfw tcstiig d ata ac'cii i ul all(i 

me 	widely disseminatedl, selectionorl. 	 a process will 

(4) 	The (central laoratnv dlist riit tiiti Iotocol. Ccr. aild highly iliatclrale inethids will tend to 
('mThetra a Ia istruinhs thi h fall into disuse and evemulliallv disatipear. For those
sample. SI{M. ailithe ufichI Ioa'img -haracteristicsmithods dOsicalo 
operating llniatnnies. Tii- i 
laboratories toi"rm Ii work dingtohe '-c 
seledul . "h'l- aiali ical dala plus tli er ­
tllnent ilfowmiati~m are reIIrnled t"If.he,tral
labratry. 


(5) 	 The groop of' xperts and qualified je ,sinnel 
-enral ~hlalirat'ory.dl.ielf~inicludimg statis-from tIhe lieians, ~ ~ ~ ~~ ,e~ o~ 

ticialis. analvze twIn-ila. illentify simm ci's of 
error aiidl t1] l l i-vise Ile prilucol 1i elillihle 
ilienil. 

(6) 	Steps 4 aid 5 a e.repeatl as ftien as neces-
sary uitilt lie aCt:racy goal is achiived,(7) The pliniiti is writhin ii final fiiin aiid pUb-
li)shbepr i s wllen ijlfinal andreferee 

lishued iii atjioulir nal, a cillee iii if' referiic v

Ihids. alliruIriati-t irai-thier Iuuldicatim. 

A recenily deviloli'd rirencu'i methhl iii clinical 
chemistry, which illustrates lme conditios jst set 
forth, is that for the deirminatiin of calcium ill 
serum [81. 

The iuber oh refere-ic-t iietho hs, world-wide, 
is discouragingly small, and iliview of the needs, 

6 

(sleeil low-cost, etc.) it slhold lii- pssihli- ip,corrct 
( Wr(liminate 	 aiiy s5steumati- biases founid, thereby 
pl. -il" them ,inIIrn, poll lla Ccurate basis. 

Many reference metlhds will not be suitable(because of 	c mplexity, cnst, ofrlack (f speed) 

fur use in daily routil' ira('tiel-. Fortln-riine nt 
evry lal owill a lit ii's orilsrliment(%T' labovrhHratory\Vill haveIhe fac.ililiesor instruments 
requlired ~enbeui'reluu.wl'olewhilerqie byi dih refer'ence, metho.d other 
labolraorieis illav prefer h1)deterlillue sonle ciiisiit­
llelits ihluiuigl muse oif' siiiitler. methiodus. Indeed, it is 
n l sth r ) nl. si r able I ded, ili 

not lecessary mi iveui ulesinab, Idi away withiresenlt field 	 metilds. as lIiing as tly ale testedagainst the referenc-e mIitlhid. 
Upgrading the quality of 'orkingstarn(/ord.s. (;ivtn

S]lI's and rfirenc melhuds. the malnifacturers 

of wrking. or seci'nlary stailard materials, in­
cldiiig reagents and instriments will be able to 
test those products fbr accuracy. li the U.S., some 
manufacturers already are using SIM's, where 
available, to test the quality of their reagents and 
secondary standards. Without reference methodol­



ogy, this testing must necessarily be on a relative 
rather than an absolute basis. 

The implementation of these assessment activi-
ties is more complex and difficult, than those of 
Components 1, 2, and 3. Modes of implementation, 
including legal requirements, differ from country 
to country. In the U.S., standardization in most 
fields of technology is strictly a voluntary process, 
as opposed to the practice in many nations where 
standardization procedures are usually legally, 
imposed. Agreement on the quality oi products 
moving in international trade is possible and current 
trends indicate that efforts in this direc:ion are in-
creasing. 

Long-Term Integrity
5. 	 Component 5-Assuringthe ss. 

of the Measurement Process. 

Measurement systems are notorious in one 
respect. Unless carefully monitored, they tend to get 
out of control. Loss of precision is usually the first 
indication that the me isurement process is not in 
a state of quality control. In most measurement 
laboratories, this question is one of almost daily 
concern and one that has been extensively studied 
and addressed. Although each individual laboratory 
must ultimately be responsible for assuring its 
own quality control, professional societies and 
governmental agencies can, and often do, provide 
a mechanism that helps to assure, to a degree, 
long-term quality control. 

If SRM's and reference methods are available, the 
mechanism for assuring tie long-term integrity of 
the measurement process in a large number of 
measurement laboratories is quite straightforward: 

(a) The sponsoring or testing agency prepares a 
series of test samples incorporated in a suitable 
matrix that cover the range of values likely to be 
encountered in real life. 

(b) The properties are determined by the sponsors' 
laboratory (or laboratories) using the reference 
method to obtain values of known accuracy. 

(c) The test samples, as unknowns, are distributed 
with suitable instructions and reporting forms to the 
laboratories under test who perform the work as 
instructed. In true blind studies, these samples 
will not be differentiable from daily, routine samples. 

(d) Results are returned to the sponsoring agency 
and statistically analyzed. In a well-designed and 
controlled program, each laboratory should receive 
back the following information for each property 
tested: its day-to-day precision within the laboratory; 
the accuracy of the method used; its rank compared 
to other laboratories using the same methodology; 
the accuracy of its method compared to alternative 
methods; a statement of acceptability of the results 
(if norms for that technology have been established). 

E. 	 Economic and Social Costs of Making 
"Bad" Measurements 

In today's 	highly technological society, the costs 
of making "bad" measurements can be monumental. 

On the other hand, the benefits that can accrue from 
"good" measurements, both economically and 
socially, can be equally large. A measurement sys­
tern that is non-compatible is obviously a wasteful 
system. In such systems, the transfer of useful 
measurement data across different technological 
or geographic boundaries becomes difficult or im­
possible, and certainly wasteful. In measurement 
systems not in a constant state of quality control, 
the expenditure of a significant portion of the avail­
able measurement time in redoing ineasuremeint 
obtained during the out-of-control period is not un­
common. The examination of two large U.S. in­
dustries illustrates the economic side of measure­
ments. The first is that of the U.S. steel industry,
whose measurement system is long established and 
well under control. File second is the !U.S. "health" 

industry, especially clinical chemistry, wlch '%as 
areas in which lack of agreement between labor,­
tories has received publicity. 

1. The Steel Measurement System in the U.S. 

In the U.S. today the quality and composition of 
well over 90 percent of all the steel produced is 
maintained or measured through a measurement 
system based .n the concepts outlined. Over 300 
SRM's are made available by NBS to cover essenti­
ally all of the major steels produced. Reference 
methods developed over many years are maintained 
and published primarily through the American 
Society for Testing and Materials (ASTM), a stand­
ards body strongly supported by the steel industry. 
File manufacturers of the working standards check 
and maintain their quality against the primary 
NBS-SRM's. Long-term quality control is a con­
stant activity of the various steel producers' 
laboratories working in collaboration with the 
various technical committees of the ASTM. Through 
implementation and maintenance of their measure­
merit system, steel producers and users routinely 
produce results with an accuracy of I to 2 percent, 
making more than one-half billion (5 X 10s) analyses 
every year, with turn-around times of 3-5 minutes 
from time time the sample is taken to the time the 
analytical results are available. 

The cost per analysis of steel by spectrographic 
means is between one and two dollars. If the present 
measurement system used in the steel industry 
eliminated only I percent of the "bad" analyses 
(and the figure over many years has been much 
higher than this), then the current, direct saving 
today is at least $5,000,000 per year. 

2. 	 The Clinical Chemistry Measurement System 
in the U.S. 

The situation in clinical chemical measurements 
is vastly different. Because the work load in clinical 
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chemical laboratories increased so dramatically 
over the past few years, hand methods of analysis 
were replaced by automated methods of unknown 
accuracy, and in many instances, of unknown 
specificity. Furthermore, no reference methods as 
defined herein existed in clinical chemistry whereby 
the new automated methods could be assessed. 
Imposed on the system also were shortages of 
trained personnel, a rapid proliferation of instru-
ments and new methodologies, the need for very 
fast response times, etc. In short, meaningful 
measurement throughout large segments of the sys-

exist. It should be added, however,tem did not 
that scientists and physicians in this area are fully 
aware of these problems and are instituting on a 
national basis those steps necessary to bring about 
meaningful measurement. 

Meanwhile, the economlc costs of the current 
situation are very high. In the U.S. in 1973, accoid­
ing to one source 19], approximately 3 X 109 clinical 
tests will be performed by the nation's 12,500 
clinical laboratories. The director of a large hospital 
clinical laboratory estimates that from 10 to 25 
percent of all measurements made must be repeated 

the degree of contamination of San. Francisco Bay. 
Samples of mud were sent as unknowns to three 
local measurement laboratories. The results for 
four contaminants are shown in table 4. These data 
are meaningless in terms discussed in this publica­
tion. From such discordant data, only fruitless con. 
troversies will arise, which will tend to obscure the 
real problems-in this case, the level of pollution 
in San Francisco Bay. 

TABI.E 4. Results reportedinSanFranciscoExaminer 
September 19, 1971 (in .gLgl). 

DDT DDE Mercury Lead 

LAB 	 1 0.80 2.80 0.80 3.30 
LAB 	 2 .68 1.20 .10 21 
LAB 	 3 .14 0.47 .10 50 
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II. 	 CONSIDERATIONS FOR THE 
USE OF SRM's 

The introductory chapter provided the rationale 
for using Standard Reference Materials and out-
lined their relationship to meaningful measure-
ments. As such the preceding chapter presented 
an overview of the NBS-SRM program and the 
general concepts of SRM usage. In this chapter 
other considerations that must be faced by SRM 
users are described. 

SRM's are designed to provide analysts with the 
means to check or calibrate within their laboratory 
their entire measurement system by providing them 
with well-characterized materials- SRM's-and 
the analytical results of the characterization 
procedures-Certificates. As such, SRM's eliminate 
the need to ship instruments to a central calibra-
tion facility or to have inspection teams come to 
the laboratory. 

The first problem facing the user or potential 
user is that of availability. Is tile material be needs 
available as a well-characterized standard? What 
are the sources of availability? Next, the user must 
decide what grade of SRM is needed and what form 
is needed (solid, powders, liquid, gaseous). 

All of these questions must be answered if the 
user is to make a rational decision. An overriding 
question that all users must answer is that of cost. 
Not only the cost of the actual SRM's or the cost 
of analysis, but especially the c:ost that would result 
by not using SRM's should Ibe considered. The cost 
aspect is specific to each user and different in each 
case, and can only be discussed in general terms. 
The purpose here is to point out that cost is often a 
prime :onsideration in the use of SRM's. 

This chapter is not designed to answer these 
questions, but rather to provide users with inforrma-
tion to help them answer their own questions. There-
fore, this chapter will cover the process of selecting 
appropriate SRM's and problems encountered in 
their use; and sources of information on NBS-SRM's. 

A. Proper SRIM Selection 

Basically, SRM's have three possible uses, 
They may be used as "control" materials analyzed 
simultaneously with "unknown" materials; as 
"calibration" 	 materials to calibrate instrumenta-
tion; or, as "known" materials in the development 
of new techniques or instrumentation. In each 
instance, the SRM provides the results that the 
analyst should obtain. Hence, tile analyst is provided 
with the means for a critical examination of Lis 
entire measurement systeni. 

The NBS-SRM program began with cast iron-chip 
standards provided by the American Foundrymen's 
Association. These metal standards together with 
those subsequently prepared by NBS were produced 
to meet the needs of the expanding American iron 
and steel industry in the early 1900's. These early 
standards, applicable to the analytical methods then 

employed, are typical of "control" standards. As 
"controls," the SRM's are analyzed simultaneously 
with the "unknowns" regardless of the specific test 
method used. When the analytical results obtained 
for the SRM agree with the certified values within 
stated limits, then the method of analysis is in con­
trol and the results obtained for the "unknown" 
are reliable. The methods used, such as gravimetry, 
titrimetry. and volmetry. are chemical methods and 
thus have a high degree of specificity and use rela­
tively simple detection systems. 

When an SRM is used as a "control," the method 
of measurement may be biased because of the 
matrix of the material; consequently, to avoid pos­
sible matrix effects, both the SlM and the unknown 
must have similar compositions. h'le( degree of 
correspondence required is ielated to the selectivity 
of the method-the greater the selectivity, the less 
need for a one-to-one corresponhcnce. In addition, 
three other factors should be considered: homo­
geneity of the unknown sample. samph, size lof 
both SRM and unknown), and the acceptalle degree 
of agreement (or disagreement) between the 
analyst's results and those certified for the SRM. 

In any analytical Xork, sample size is a function of 
both material homogeneitty and the analytical 
method. For NBS-ShI0's. sample size is not noriially 
specified because the material is homogeneous for 
the sample sizes norinally required by the particular 
method for which the SR%\las inivmled. For those 
SRM's where liio,,encity ina) be a priblem. tie 
inininlm sample size to be iseil is stated tinthe 

Certificate. 
The types of methods using SRM's as "control" 

standards usually involve mass or volune measure­
inents. As technology advanced, new denimds were 
placed on the analyst giving rise to instrumental 
techniques. The absolute measurement of nass 
and volume were replaced by relative nicasure­
ments, e.g., light intensity, plate density, or current. 
linmany cases, the selectivity oif the cliinistry ema­
ployed was replaced by the selectivity of the instru­
ment in measuring a certain physical property. such 
as thermal conductivity. Tiis resulted ina demand 
for new S0I's to calibrate the instruments. Be­
cause instruinital tclhii(I tVs are relative, i.e., 
they do not measure a chemical p.roperty directly, 
matrix effects must be closely examined andI ac­
counted for. 

The first major use of "calibration" SRM's was 
in the preparation of emission spectroscopic curves 
in the early 19 40's. These curves were strictly 
empirical in nature ain( had to lre established by 
relating instrumental response to a series of 
SRM's. Examination showed that the response or 
shape ,,f the analytical curves was affected by a 
variety of matrix effects, that included iatrix corn­
position and metallurgical condition of the specimen. 

The impetus for SRM's to generate such curves 
came from the steel industry as (lit] the original 
demand for "control" SRM's. The need for "cali­
bration" SRM's was two-fold, first to standardize 

9
 



analytical re-sults from laboratory to laboratory and 
from run to run, and secondly to reduce the time 
required to analyze samples accurately so that 

could be made quickly (3-5 minutes)analyses 
during production of large batches of material, 
The problems that were encountered in the steel 
industry then are being faced today by many other 
segments of technology that are now using instru-
mental methodology, that is, the use of rapid, rela-
tive methods, to produce accurate analyses of a 
large number of samples in a relatively short period 
of time. Consequently, the use of SRM's for calibra-
tion work is of particular interest to a large and grow-
ing segment of both the scientific and technical 

use ofcommunities because of the widespread 
instrumentation. 

A variety of ways exists for using calibration 
SRM's to generate calibration curves. Usually one 
or more of the following problems must be 
considered: 

(a) Matrix-the sample and the SRM's used to 
make the calibration curve should give the same 
instrumental response with respect to interferences 
from the matrix. The user must know what the pos-
sible interferences are and to what extent they 
might interfere. 

the cali-(b) Calibration curves-when possible, 
bration curves should be prepared using two or 

so that the value of the unknown ismore SRM's 
closely bracketed and may be interpolated from 

the curve. Unless the curve is supported by a 

unreliable. Extrapolation from such calibration 

in misleading conclusions if thecurves may result 
is not clearly understood.anaiytical situation 

(c) Physical condition-physical condition of 

SRM's and unknowns must be similar. For ex-

ample, in x-ray fluorescence spectroscopy both 

SRM's and unknowns should have the same surface 
finish to obtain an equivalent instrumental response. 

NOTE: Certified SRM's do not, by themselves, 
guarantee meaningful measurements, i.e., they do 
not obviate the prerequisite for trained, experi-
enced personnel, 

A third use of SRM's is for the development of 
new analytical methods. Perhaps a more general 
term would be scientific use. This use is charac-
terized not so much by the need for precise measure-
ment of a specific property, but more by the need 
to provide a common matrix material containing 
known concentrations of various elements for de-
veloping new, measurement techniques. Such 
SRM's permit researchers in different locations 
to cooperate in developing new methods. For 
example, the development of the reference method 
for calcium in serum [11 was greatly simplified 
because a clinical SRM for calcium existed-
Calcium Carbonate, SRM 915. Currently NBS 
issues SRM's for this purpose in several areas, 
e.g., trace elements in orchard leaves and trace 
elements in glass. Both of these SRM's contain a 
variety of trace elements-one is a botanical matrix 

similar to many biochemical and environmental 
samples, and the other is a silicate matrix similar 
to many rock-type samples of interest to geologists 
and others interested in minerals and ores. In 
addition, a special effort has been made to provide 

ma­a few high-purity materials for use as source 
terial for analytical method development, and in 
some cases, characterization of physical properties. 
The elements certified in this type of SRM are 
measured by several different techniques and 
possible interferences are identified. Such certifi­
cation makes these SRM's invaluable for com­
parison of various measurement techniques. 

The development of any SRM is generally under­
taken to answer a specific measurement need. 
Once tie SRM is prepared and knowledge obtained 
of its composition, homogeneity, physical condition, 
and other factors, it has often been found useful 
for a variety of other measurement needs. All of 
these needs, however, will encompass either control, 
calibration, or method development. 

B. Potential Pitfalls in Standards Usage 

Regardless of the end use, several other factors 

must be considered in the selection of the appro­
are the grade of thepriate SRM. Two of these 
special handling orstandard required and any 

storage requirements the user must follow to main­
theory, one point calibrations yproven tain the integrity of the standard. Standards aremay be most 

often discussed in general terms without a clear 

definition of what is meant by the word "standard." 
and national scientific andVarious international 

technical groups have established official definitions 

for various grades of standards that pertain to their 

field. There is little agreement on these definitions 
among the various groups. At the National Bureau 

of Standards, when an adjective is used to describe 
the grade of an SRM, the adjective generally corre­
lates with the definition given by the scientific 
group for which that SRM is most applicable. For 
inorganic chemicals, the International Union of Pure 
and Applied Chemistry (IUPAC) definitions re­
garding "primary," "working," and "secondary". 
standards are used. Thus, the IUPAC definition 
of a primary standard "a commercially available 
substance of purity 100 t 0.02 percent," is used for 
NBS Primary Chemical Standards. A more de­
tailed discussion ol" the classification of purity of 
chemicals is given in chapter IV, E, Reagent Chemi­
cals. In the following discussion the use of the 
words "primary" and "secondary" does not neces­
sarily conform to any specific definition of grades, 
but is used merely to distinguish between two 
"levels" or "grades" of standards. 

Primary standards serve a specific need, but are 
not generally used on a daily routine basis. Rather 
they are used to ascertain the quality of secondary 
standards that would be used daily. Therefore the 
grade of the standard material to be used must be 
decided by the user based on the intended use. 
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Secondary standards come into existence in a 
variety of ways. Commercial firms, study groups, 
individual laboratories, or groups of laboratories 
may prepare and issue these standards. Ileally 
these standards should be related to and measured 
against the primary standards and therefore be 
more useful in the measurement system. Of course, 
each time accuracy is transferred along Ihe meas-
urement infrastructure an additional uncertainty 
is added. Therefore. the inore measurement levels 
between the primary and the secondary standard. 
the greater the uncertainty will be. llowever, within 
a well controlled measurement system. using a 
reference method and a well characterized primary 
standard, the degree of degradation shoul not 
great. 

The use of primary standards issued by a rec-
ognized standards body and the use of secondary 
standards prepared by commercial firms or groups 

the whole neasure-of laboratories strengthens 
ment system. Experience at N13S has shown that 

possible sutijply all of theno one organizationi can 
standard reference materials needed by one na-
tion. Therefore. a national meastirement system 
should include a recognized standards laboratory 
that pri)otuces p~rimary standards. and another level 
of standards production that prepares secondary 
standards directly related to theIrriniary standards. 

Scientifically. the preparation of secondary 
standards provides a second group of scientists 
who compare the primary to the secondary stand-
ard and thus provides an important check on the 
quality of the primary standard. This independent 
checking of the prinmary standard provides an extra 
base of scientific skills and helps strengthen the 
measurement infrastrimture. 

The availability of lower-cost secondary standards 
promotes wider utst. of standards. Such availability 
reduces the demands upon the national staidards 
laboratory to be the major supplier of all standards. 
This in turn permits the national standards labora-
tory to devote more of its resources to the develop-
ment of other needed primary standards. 

C. Special Iaindling and Storage 

Any storage condition that would alter the cer-

tified value of a material must be avoided. Despite 

the obviousness of this statement, careful examina-
avoidtion of storage conditions is mandatory to 

many potential lroblems. 
With inorganic materials. e.g,., steel chips, little 

warning is necessary. Furthermore. the usual 
is that it be stable,requiremnents for a standard 

and tincllorescent in niostnonhygroscopic. 
teml] to makeatmospheres. These requirements 

most labora-standards easy to store. lowever, in 
tories and industries, certain specific cases arise 

where standards must be used that do not have all 
Ini such cases, storage aidof these properties. 

real and serious problems. NBSshipment invtlve 
has issued many SRM's that pose storage problenis, 
but which are adequate for the intended purpose 

if properly handled. Some of these SRM's include
 
coal, which contains volatiles; cement, which
 
tends to hydrate; and SO. permeation tubes, which
 
are affected by a high humidity. Careful laboratory
 
storage of these SRM's in desiccators. sealed vials,
 
amber bottles, and similar containers is usually
 
called for. These are typical laboiratory require­
nients. and should present no addedIproblem for the
 
user. 

Storage in inventory and the packaging for 
shiimcnt di however present ditficult problems f*ir 

that must I solved to makea standards pridu r 
a standard reliable and generally available. Ilere 
the nature of a material must be consider-ed at the 

an I Iriilit' a standard.very start of effort to 

new packaging niaterials available,
With many a 

variety if ways exists to solve these irobleis and 
most materials tali be suitably packa-ed fir both 
storage and shipment. 

Perhaps the major considi-rat in fIr uis(rs ill the 
storage -f slandards is that of riaintaiiuing the 

'ertificationinalerial's intcgrity ill the periold fiumi 
At NIS all SRNI's are stord ill sVi'lcd coli­t, use. 

lainers. ()nce the seal is iriikcii b. the user and 
the containier is olnied. Ilie, original contents may 
easily be cintamiiatid. Thums iin a laboratory situa­
tion, soime policy concerning the use of standards 
iniist exist to prevent cmtaiiatim. The integrity 

if a laboratory's ineasunrenient process rests oin this 
cOnsideration as much as with tlie analyst's tech­
nique and the reliability iif his metliid. 

D. Sources of Informtion on NBS SRM's 
These sources of infirmuatin include: SR01 

Certificates; SRNI Catalogs and Catalig Supple­
mients; a series of NBS Special Publications tthe 
"260 Series"), specifically devoted to SRNI's: br­
chures on selected groups of SRNI's: and individual 
anuiouncements of new SRNI's. In addition, papers 
on S RM's and the S HNI prigrain are pre.'sented in 
lechlical publicatiins and scientific meetings in 

tme United States and oiier ciuiitries 1myN13S staff 
members. 

SI0N is the single,The Certificate issued with an 
most imuportant soirce if ifliirnati,,n foir a specific 
SR NI. It is an integral part of tlic SlM as it provides 

te certified data. accuiracy lilnits, iistructiiins for 
if the SlIM. and ither pertinentthe correct uiste 

information. With very few exceptions, each SRNI 
form if certificatioi. The fewis issued with some 

so noted in the Catalig with Iheexceptions are 
reason fur the exception. 

lue formiif certification varies with tli type of 
Sl. Ni's certif ed for chi'mical coiposi-SRNi. Fir 

tion, a -Certificate ii' Analysis- is issued. Fur en­
standards and SlI's certified forgineering type 

a physical property, a -Certificate" is issued. 

Occasionally, such terms as 'Certificate of Calibra­
lion" and "Certificale of Viscosity Values- have 

been used. In this publication no distinction is 
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made between different titles and for the most part 
the term "Certificate" is used. 

For many years, NBS has issued some Certifi-
cates with the word "Provisional" printed on them. 
Although what was to be inferred from this word 
had never been formally explained, its intended 
use was to indicate that additional information 
would be made available at a later (usually un-
specified) (late. 

The type if iif'or'naliio to be made available 
would include such possibilities as: 

(1) Some certified values were to be relneasured 
and recertified at higher levels of accuracy 
than was originally done. 

(2) 	Sone values given **For Information Only" 
were to be certified at a later date. 

The use of the word "Provisional" has caused 
confusion among some SRM users aid will no 
langer be used (m future Certificates. Any technical 
limitations or restrictions that are necessary are 
stated on the Certificate. 

The most valuable source of' information for the 
selection (if SR \'s is the Standard Reference 
Materials Calabig issued by NBS. This Catalog 
lists and describes all (if the SRM's available fromn 
NBS as .vell as nany if the materials currently in 
the process of being certified. Sullements to the 
Catalog are issuedh periodically describing SRM's 
issuel since the Catalog was printe(l. listing those 
no 	 hng1 availabe., anI gi vig current prices of 

SRNM's. 
Another valuable source of infoirmation is the 

series of N13S Special Publications devoted to 
Standard Reference Materials. Called the "260 
Series," these publications are numbered as: 

260-1, 260-2, etc., and all have as a main title, 
"Standard Reference Materials." The "260 Series" 

dissemination of informationis dedicated to the meaningful 
on it e to 
measurement including the preparation, measure-

all 	 phases of SlM's related 

ment, certification, correct use of NBS-SRM's, and 
the development of reference methods of analysis. 
In general, much more detail will be found in these 
publications than is generally allowed or desirable 
in scientific journal articles. These publications 
enable the user to assess the validity and accuracy 
of the measurement processes employed, to judge 
the statistical analysis, and to learn the details of 
techniques and methods utilized fIr work entailing 
the greatest care and accuracy. An additional pur­
pose for these publications is to supplement the 
information given on the Certificate so that new 
apiplications may be developed in diverse fields not 
foreseen when the SRM was originally issued. 
Appendix A is a complete listing of the "260 
Series." 

A groulp of brochures that list SRM's prepared 
for specific fields is yet another effort to assist 
users in selecting SRM's. Some of these list ad­
ditional SRM's that have a general applicability. 
The availabiiity of each new SRM is announced by 
N13S through several mechanisms, iprimarily by 
direct mailing toi users and potential users of SRM's. 

A source of infoirmation that should be of par­
ticular interest to all SRM users is the "Proceedings 
of the 6th Materials Research Symposium, Stand­
ard Reference Materials and Meaningful Measure­
mnents " [21. This symposium reviewed the SRM 
programs of seeral Governments and national and 
international organizations and the SRM needs and 
measurement problems in many industries and 
scientific disciplines. 
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III. CERTIFIED VALUES AND
TIIEIR MEANING-UNERTAINIS 
-UNCERTAINTIES-


In the development of each SlIM, assurances 
must be obtained that the material used is uniform 
and stable, that test methods yield repeatable and 
consistent results, and that the conditions under 
which the material is to le used are carefully 
described. Eventually, Ihese qualitative state-
ments will have to be translated into quantitative 
terms, using data generated from tihe tests, and 
condensed into a Certificate that will he under-
staudable and useful to the user. 

This condensation of information is no easy task! 
Ideally, the experimental conditions could be 
described in detail and all of the numerical values 
of individual determinations could be presented 
so that Ihe user could judge :tow best to use these 
results. This has been done in a few cases and puh-
lished in tlie "260 Series." 

Generally, the cost and work involved in a detailed 
presentation is not justified in relation to the 
number of times it ;viil be profitably used. Ilnmost 
cases, therefore, the data are irocessed an( con-
densed into the form presented on the Certificate. 
The numerical values are nirnoally expressed in 
two parts: the certified value of tihe property an( 
the uncertainty (if this value, 

The uncertainty of the certified value denotes 
how well this value is known. A number of different 
expressions have been used for the statement of 
uncertainty, depending on how tihe SRNI was 
developed, which group oif scientists was involved, 
anti tie use for which it was intended. A number of 
com1i1imnly used expressions are described in this 
sectiol. 

In many cases, the statements of uncertainty 
are based, t) a certain extent, ol the subjective 
judgement of the scientists involved, rather thai 
on a strict interpretatil of the data. Acquisition 
of data is expensive, somelfiies prohibitively so, 
and these factors must be weighed against the 
intended use (if the SRM. 

The uncertainty of tihtecertified value of all SICN 
is made up of at least two compolents: inhuiio-
geneity of tile material and measurement errors, 
Regardless of the form of an SRNI, none are issued 
with a guarantee that the property ol'interest is 
idlentical for each iteli in a lot. The holmogenueily 
oif the material is usually checked by a rapid imethod 
of analysis oniselected portions of the bulk material. 
or on a randomly chost.-n number (ifitelis. If tlihe 
results show that tIle variability lf sampled ma-
terial is within the specified limits, tlie material is 
accepted. 

A. Material Variahilhity 

The selection of samples and the analysis oIf 
data are usually performed in consult ation wit h a 

on thestatistician. The emphasis here, depending 
form of material, is to detect trends or patterns; 
e.g., from one enJ to the other of a steel rod; from 
the center to the edge of a plate; from the top 
to the bottom portion of material in a drum: or to 
check on the variability of tihe material anong 
ampoules and bottles. A proper, statistically de­
signed experiment helps to assure that conhlisiols 
art valid, and to reduce tietnumber of samples ised 
to reach such conclusions. 

The outcomes possible from homogeneity testing 
are: 

(1) lIonmgeneit y is not a problem, or material 
variability is negligible in relation to citiher nieasure­
inent errors or to the use of tile S11 pp. 17-21. 
N[IS 260-1 ): 

(2) Material variability is a major factor in tite
 
total uncertainty, in which case the material is
 
rejected. reworked, or each sipecinmen is indi­
vidually measured and certified: or
 

(3) Material variability is of the same magnitude
 
as the measurement error, and must be included as
 
a component of the unc,rtait v.
 

Of the three cases. tile last is the one most 
frequently encountered. Two sub-classes are ap­
parent: one where a trend is detected and one where 
noltrend is detected. 

Where a trend has been detected, e.g.. along a 
steel rod to be cut into, pieces. lie unusable portion 
is discarded and, hopefully, lie trend in he re­
maining portion is linear. In such a ease. a line can 
be fitled to the values measured along the rod. The 
laximum ideparture from the average of points fill
 
titefitted line is taken as a measure of ilhom,­
geneity, assuming measurement error is small in
 
colmparisoni t) tiht
trend. 

Where no trend is detected, hut tilte results of' 
measure ients showed variability that is not 
negligible, a statistical concept called "statistical 
tolerance interval" could be used.To illustrate this 
concept, suppose a solution is prepared and pack­
aged into 1000 anpoules. (If which 30 are analyzed. 
For this example, the tlerance limit concept states 
essentially that based (I the measured values of 
the 30 ampoules almost all of the 1000 ampoles 
will not differ from the average (If the 30 amll sus 
by more than the given limits. Ilistatistical terms, 
it would read: "The tolerance interval (average±A) 
is constructed such that it will cover at least 95 per­
cent of the population with probability 0.99.''2 

This statement does not guarantee that tie totl­
erance interval will include all ,,fthe amploules. 
It says 99 percent of tile time the tolerance interval 
will include at least 95 percent of the ampoules. 
The "99 percent (itf tie tinme* refers to tile way this 
tolerance interval is colstructed, i.e., if 30 ampoules 
were selected from the population repeadedly, andl 
the same experiment were performed over and over 
again, 99 percent If the tolerance intervals so con-

The statement in true ounlyfc~ra populalson of Infinite sie; how.ever.the correrlionf 
(,, ,.i.u 4,r e sie i le whetr nile sIi I.- large.,,.n I.,gli 
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structed would cover at least the proportion (95%) 
of the total population as specified. 

How is this interval constructed? First, the aver-
age and standard deviation from the 30 ampoules 
are computed: 

30 
-

24 
, -
I 

-
"! RM N4233 

=WEIGHED SOURCES 

Average: 
in 

V=-= n (1) 

0s 
I. 
." 
IL1­

0W 

'Standard deviation:S 
toE X 

I (X 
) 2 1/12 

(2) z 6 

whereXi.X 2 .... X._. X ,are the measured values, 
with n = 30. Here X isan estimate of the mean, 
m, of tihe 1000 ampoules. and ;Sis an estimate of 
the nicasure (if the dis pe rsin, o, molg these 
amlpoules. These tow values. V and S, contain prac-

tically all the jiforllation available on the 1000 
bottles and can be used t) calculate the tolerance 
interval "X --A." 

Ihe value 
that is, A = 
parameters: 

1. n: 	 T'lhe 

of A is computed as a nilultilh of 
KS. The value of h deinds on three 

number of samples measured (30), 

2. 	 P: The plroportion of the iotal to be covered 
(95%), and 

3. y: 	 The probability level slecified (0.99). 

A table of "factors fr two-sided tolerance limits 
for normal distribritions" Ill gives tie value for 
K as 2.841 when if = 30. y = 0.99. and P = 0.95. 

The tern "two-sidcd'" means that we are inter-
over and under limits from theested in both 

average. Te trni "iorinal listribution" refers to 

tile distributioni of all the values of interest and is a 
symetrical, l)ell-sliatetl distribution usually en-
comntereI in precisin measurement work. 

Figure I is a histogram of the ratios of the tnis-
of 137Cs in SLIM 4233. l:1

7Cs Burn-Upsion rate 
to, a 	 radimn standard, and frequencyStandard, 


curve of a norilal listribttion can be fitted to)these 

data. 


There 	were 98 ampoiles f1:17(:sinvolved; each 

ampoule was measured ill April, September, and 
November, 1972. By av'raging the tliree measure-
ments. the measurelient error was considerably 
smaller than tIhe difference of weights of active 
solutions among these anliloiles, and tile plot 
showed essentially the inhomogeneity (If the amount 
of solltion in the ampoules. 

Values .f30 amlpoules were selected from tile 
98 values by using a random numler table, and 
X and S are comluted by expressions (1) and (2), 
giving: 

X = 0.11675, S = 0.0OW801 

RRS20 

FIUE 1. IlislO ()f (li'ii ' nuinher of opoidhs) 

rerstis f 'thef(if it,,J(.-3 .(x137stlnditdsto itradiumthe ratiet it 

,efirr'In'e stan,ll. R1.S20. 

The tolerance interval for at least 95 percent 
coverage with-prIability level 0.99 is KS. or;
 
vrS,
 

0.81168 - 2.841 x 0.00080 0.80941 
tt
 

0.81168 + 2.841 X 0.0008 1 0.81395 

This interval covers the values of 96 ampoules, 
i.e., all except the single aniioule oni the extreme 
left and the one on the extreme riht. 

If 30 values were selectedl reieatedly, the 
values of X and S would not e tillesame, but tie 
intervals from A -KS to A'+KS will have tile 
property of covering at lea~t 95 prcent (ifallvalues 
99roprty of(he t5o 	 v 

Tolerance limits and interval art isfil t'ocelts 
when a finite umitler of sampes are taken from a 

larger stock (If material. As the number of'samples. 
n increases, the value of K decreases anl e'vemltually 
settles down to 2 (actually 1.96) when X i, 
and S tr. Over the years. however. chemists have 

t use f term mainly because theresisted O this 
cJn(sel)t is s omewhiat cointinated. T ie ire 

factr f3. aId sometimesconservative ones ise ai 
tlerange e s its- i and omm s 

tile range between naxinim and inimum is used. 

It. Measurement Errors 

In discussing neasurement errors, the terms 
"l)recision" "systeniatit,' error or bias." and "ac­
curacy" are usually usetl. The meanings (,fthese 
terms are not rigidly fixed, but depend to a large 
extent ,n the interpretation and ise ,oftire data. 

If two elually traineti opilerators, A and B, make 
four analyses on a uniform material each day for 
4 days on one instrument, andl 4 (lays again on a 
similar instrument, tile results, 16 sets of4 measure­
ments, may look like those in figure 2. What can 
be seen from this plot? 
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(1) The spreads among each set of four values 
are comparable, perhaps slightly smaller for 
Instrument II than Instrument I. 

(2) 	There appears to be more variability between 
daily results than within sets of daily re-
suits, particularly for Instrument I. 

(3)Operator B gives lower results than Op-
erator A. 


(4)Instrument I gives lower results than In-
strument II. 

Figure 2 is constructed for the purpose of demon-
stration, and actual measurements could be better 
or worse than shown. However, this plot does show 
some four types of factors that contributed to the 
total variability of these measurements: (1) factors 
acting within (lays, (2) factors acting between days, 
(3) factors due to instrument systems, and (4) 
factors due to operators. 

0oool 01 
I I I Io - 00 I-
I I I 0 I0 

S I L 

000 100-1% 10 01.00-i % 1
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N$iAY0A uNT ISIRUMNT 2 A 

IGURE 2. An example of results of measurements by two 

operators using tuo instruments on eight different days. 


Appropriate techniques are available for the 
separate estimation of the effect of these four fac-
tos arid standard deviations could be computed
corresponding to each of them.However,the limited 


number of operators and instruments prevent tie 
computation of standard deviations as reliably for 
factors (3) arid (4), as for factors (1) and (2). The 
ime and work involved certainly impose limits on 

any efforts to do so. 
The exclusion of factors relating to instruments 

and operators is one of the main causes for the un-
reasonable differences usually encountered in in-
terlaboratory, or round-robin types of tests [41. 
Because instruments vary from time to time arid 
operators change, the result from a laboratory at a 
given time represents only one of the many results 
that could be obtained, and the variability caused 
by these two sources must be considered as part of 
the precision of the laboratory. The standard devia-
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tion computed without regard to these effects would 
underestimate the precision. 

If by the proper use of standards and reference 
methods [21, these two sources of errors were elimi­
nated, the standard deviation computed from the 
16 averages of sets of 4 measurements would be 
the proper measure of precision. Presumably the 
grand average of the 16 values would he reported. 

"The average of many values is more stable than 
individual measurements, and the relationship be­
tween the standard deviation of individual measure­
ments and the average of n such measurements can 
be expressed as: 

,2(X11) = or"(X)n 

in other words, the standard deviation of the aver­
age is smaller than standard deviation of indi­1 
vidual measurements by a factor of - . One 
important provision must hold for this relationship 

to be true. i.e.. that tie n measurements are inde­
pendent of each other. "Independence can be 
defined ina probability sense. but for this paper,measurements may b~e (-alled( indelpendviit if they 

show no trend or plattern. This is certainly not true 
in figure 2. arid to say that the standard deviation 
of the average of all 64 values is '/H of the standard 
deviation of an individual measurement would 

overestimate the precision. Moreover, this 
is exact only if tie- true value of stand­

ard deviation, symbol (r.is known. As the com­
puted standard deviation, symbol S. is itself an 

estimate of (7 froni the set of measured values, therelationship is only approximately true.The use of the standard deviation computed from 
daily averages rather than individual values is 
preferred because a component of variability be­
tween (lays, or over time. is usually present in 

precision measurement. 

The basic information avaiiable on the measure­
merit errors are: 

(1) 	[he number of independent deterninations 
or 	 the number from which an average was 
Cotmputed atd retorted;
 

(2)An estimate of the standard deviation.S.
 

From (1) and (2) several useful, derived statistics 
computed­

can lie cmmetud: 
(3) Standard deviation of the iai of n measure­

ments, S(X,,) =7. This is sometimes called 
n
 

standard error of the mean to differentiate from the 
standard deviation of individual determinations. 
Note: as n becomes large, the value of S(X,,) be­
conies very small, showing that the average of 
large numbers of measurements approaches a con­
stant value "in" which is usually the objective of 
the measurement procedure. 



(4) Confidence interval for the mean. Each time 
value of the averagen measurements are made, a 

of the measurements is reported. These averages 
will differ from time to time within certain limits. 
One interval of the type X ± 8 can be constructed 
such that the interval between X - 8 to X + 8 will 
be fairly certain to include the value of m desired. 
The interval is computed by: 

T 


t S= 
= 
n 


Using his experience and judgement, an analyst 
,yarrive at reasonable bounds for these types of 

errors. If the bound is not computed-from measure­
ment data, then its validity can not be supported 
by statistical analysis. In such cases, these bounds 
are "guesstimates" and the only recourse is to 
treat them as limits to systematic errors. 

The detection of differences and the separation 
of the total variability into its identifiable com­

ponents can be facilitated through careful planning 
and statistical design of the experiment. 

where "' is a tabular value of Student's statistic 
depending on two parameters (n - 1) and (1 -a). 
The probability level, (1 - a), is similar to "y" 

set at 0.95used in tolerance limits, and is usually 
or 0.99 and commonly referred to as 95 percent 
or 99 percent confidenee level. The statement may 
read: "The interval X - 6 to AX+ 8 is the 95 per-
cent confidence interval for the mean based on it 
determinations," or '"Fhe half-width of the 95 
percent confidence interval for the mean is 8, 
based on n determinations" [11. 

The confidence interval for the mean is concerned 
only with the probability of including the mean 
and not of including a specified proportion of popu- 
lation as was the case of the statistical tolerance 
interval. With it large, the confidence interval tends 
toward zero. whereas the tolemance interval ap-
l)roaches some constant width, as previously 
explained, 

(5) 2-signia (or 2s), 3-sigma (or 3s) limits. These 
limits are similar to the tolerance interval in the 
sense that the interval between these limits will 
cover a large percentage of the individual measure-
ments that were or might he made. The expected 
coverage, however, depends critically on the num-
ber of measurements used to estinmate (r. Hence. 
if a measurement is made by the user of an SRM 
having the same precision as that obtained by 
NBS, his measurements should fall within these 
limits when r is well established. Otherwise 
there is evidence of systenmatic difference. (Far a 
discussion of two-sigmia and three-sigma limits 
see ASTM Standard E-177-71 ) [31. 

C. Instrument and Operator Errors 

Instrument and operator types of errors have 
not yet been treated. An ideal situation wouw] be 
to eliminate them from the measurement process, 
or to use more instruments and more opeators 
and then estimate standard deviations associated 
with these sources. When neither of the above is 
feasible or practical, the least that can be done is 
to use two instruments. If the confidence intervals 
for the results of the two instruments do not over-
lap. then there is good evidence of instrument 
difference. The difference between these two 
instruments is probably the lower bound of errors 
caused by the instruments, because adding a 
third instrument could only make the total range 
of difference larger, and not smaller, 

D. Differences Among Measurement 
Methods 

Each measurement method purports to measure 
the desired property of a material, but seldom 
does a method measure the property directly. In 
most cases the method actually measures some 
other property that is related to the property by 
theory, practice. or tradition, and then converted 
to the value of the desired property through these 
relationships. Discrepancies among results of differ­
ent measurement methods are legend, even for 
measurements leading to the determinatio'm of 
fundamental physical c,,instants [51! 

In the preplratimif an SRM, usually two or 
more measurement methods are employed for each 
property measured. If these methods are well 
established by virtue ,f past experience, the re­
stilts yielded by these methods usually agree to 
within the uncertainty assigned to each method. 

In a few cases these differences are so large that 
the results cannot be reconciled, and these results 
are then reported separately for each individual 
method, but not certified. An example of this type 
of reporting is SRM 1091, Stainless Steel. The nitro­
gen content was measored by vacuum fusion and 
pressure bomb-distillation, and gave results Gf 
861 and 945 ppm, with standard deviations of 3 and 
20 ppm, respectively. A report of the average of the 
two methods would be highly misleading. 

Clearly one or both methods have a systematic 
error thai is large compared to the variability of ma­
terial or the measurement uncertainty. By definition 
the nitrogen content in the sample of steel is a 
constant, and the diflerence between the value 
obtained (including its own measurement uncer­
tainty) and the true nitrogen content is a measure 
of the inaccuracy of tie method. 

Accuracy in its absolute sense is a luxury that 
we can hardly afford. In practice, inaccuracy of 
some standards is defined by using a reference 
method so that at least the same benchmark will 
be used by every one in time field. Primary Standard 
Reference Materials are intended for such pur­
poses. The importance of reference methods to sup­
plement the use of these standards is also being 
emphasized [2]. 
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E. 	 Uncertainties of Certified Values 

while indicating the
The term "uncertainty," 

likely inaccuracy of a reported value, does not 
seem to give such a rigid connotation as that of 
"accuracy." The uncertainty of an SRM value is 

usually made up of three components, some sup-
ported by data and some not: 

(1) A tolerance limit giving bounds to material 
inhomogeneity based on data and statistical 
computations. 


(2)A confidence limit for the mean giving bounds 

to measurement error 	 based on data and 
statistical comnutations. 

(3) 	A combination (addition of absolute values or 
the square root of the sum of the squares) of 
estimated bounds to "known" sources of pos-
sible systematic error based on experience 
and judgement (in other words, there is no 
data, or not enough data, to make a statistical 
calculation). 

The word "known" is 	 quoted above to contrast 
with systematic errors that are "unknown" or un-
suspected. These unsuspected errors could occur 
in a number of ways-a 	component in the physical 
system, a minor flaw in the theoretical consideration, 
or the rounding error in a computation. As more 
uniform material becomes available, and more 
precise measurement methods are developed, these 
types of errors will be 	 detected by design or by 
chance and hopefully will be eliminated. Improved 
accuracy in the measurement of a property is 
basically an expensive 	 iterative process and un­
warranted demand for 	 accuracy could mean the 
waste of resources. 

F. Statements of Uncertainty on SRM 

Certificates 


A vaiet ofstaemetso unertint ca bebe
A variety of statements of uncertainty can 
current Certificates issued forfound in past and 

SRM's. Some of these statements are well formu-

lated and supported by 	data. others are not; some 
of these statements contain a wealth of information 
that is useful to exacting users, but overwhelming 
to 	others; some statements are oversimplified with 
a resulting loss of information. Because the origi-
nator of an SRM has to keep all classes of users in 
mind, the use of a single form of statement is not 
usually possible. The intention is that all these 
statements are unambiguous, meaningful, and 
contain all the information that is relevant for 
potential users. In practice, however, it is difficult 
to impose these requirements on all of the more than 
850 items now listed in the SRM Catalog. 

Some of the commonly used statements are 
listed below: 

EXAMPLE 1: Uncertainty expressed in significant 
digits. 

AISI 4340 Steel (SRM 1261) 

Element Percent, by weight 
Carbon 0.382 
Manganese 0.66 
According to the explanation given in the text: 

"The value listed is not expected to deviate from 
the true value by more than - 1 in the last signifi­
cant figure reported; for a subscript figure, the 
deviation is not expected to be more than ± 5." 
T[us, the carbon percent by weight is between 
0.377 and 0.387; and that 	for manganese is between 
0.65 and 0.67. Thcse un(ertainties include material 
inhomogencity, measurement errors, and possible 
bias between laboratories, because these values 
are "... the present best estimate of the true value 
based on the results of the cooperative analytical 

program." 
When twenty to thirty elements are to be certified 

for one sample, this method gives a concise and 
convenient summary of the results. As these limits 
are expressed in units of 5 and 10, some information 
is unavoidably lost for some of the elements. How­
ever, it is important to use all of the digits given 
including the subscripts. 

EXAMPLE 2: Standard deviation of a single 
determination. 

Fe-3Si Alloy Microprobe Standard (SRM 483)
 
Silicon 3.22 4-0.02 weight percent
 

The value "t 0.02" is explained as "Standard
 

deviation of a single determination based on results 
on SRM's 483 and 125b, but also includingobtained 

similar method error estimations from previous 
determination" [61.

A tolerance-interval type of uncertainty statement, 

e.g.,because3s=0.0it would6 , mightinclude been more meaningful,haveboth method imprecision 
ad m tria l incmo ebit. 

and material inhomogeneity.
 

EXAMPLE 3: 95 percent confidence limits for the 
mean. 

Rubidium chloride (SRM 984) 
Absolute abundance ratio... 2.593 ± 0.002 

"The indicated uncertainties are overall limit3 of 
error based on 95 percent confidence limits for the 
mean and allowances for the effects of known 
sources of possible systematic error." 

Because the isotopic ratio is a constant and is 
not 	subject to errors of material inhomogeneity, the 
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mean refer95 percent confidence limits for the 
error only. This is computed from,to measurement 

S 

t 

on kiiown sources of possible sys-The effects 
tematic error arc discussed in detail in, Absolute 
isotopic abundance ratio and atomic weight of 

terrestial rubidium [71. 

percent confidence limits for a 
EXAMPLE 4: 95 
single determination. 

Rubidiutn chloride (SRM 984) 
RbCI, rubidium assay, weight percent

99.90 r 0bdu 
99.90 	±-0.02 

as"The indicated tolerance is at least as large 
the 95 percent confidence level for a single 
determination." 

The 95 percent confidence limits for a single 

determination are calculated as "tS," using the 

same expression tas that in (3) but without the 
denominator. V'n. The expression "tS" is without 

and a more meaningfulstatistical interpretation 

expression is desirable. 

EXAMPLE5: 2-sigma or 3--igmalimits. 


Glass Filters for Spectrphotometry (SRM 930a) 

Absorbance . . . 0.500 _ 0.0022 
of the random error"This uncertainty is the sum 

" of t 0.1 percent (2SD linit) and of estimated biases 

which are ± 0.4 percent." 
Each glass filter was individually calibrated, and 

deviation refers to measurementthe standard the cleanliness,including of the surface. As 
error, iReference 

athese glass filters will be used time after time, 

multiple of the standard deviation is a proper 

measure of variability. Note: The estimated sys-
tematic error is much larger thtan the measurement 

error, as usually is the case in measurements of 
high precision. 

6: Average, standard deviation, andEXAMPLE 
number of determinations. 

Oxygen in Ferrous Metals (ppm by weight) 

SRM Material Vacuum Neutron Inert Gas 
Fusion Activation FusionNo. 

X s , , sn sn 

9 I Iron 484 14 216 492 28 6 497 13 12 

1091 Stainless Steel 131 8 286 132 7 6 129 8 11 
(AISI 431)

1092 Vacuum Melted 28 2 105 28 4 5 29 5 20 

Steel 

X = mean oxygen 	 value; s = standard deviation of a single 

number of inde pendent determinations.determination; n = 
(Note: The standard deviation includes error due both to the 

method and to possible hetero­imprecision of the 	 analytical 
geneity of the material analyzed.) 

One criticism against this mode of presentation 
is that the user will have to compute the uncertainty 
based on his own understanding of the relationships. 
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IV. 	 SPECIFIC AREAS OF USE 
FOR SRM's 

In today's technologically advanced world, 
standardization is a must. The application of 
meaningful measurement is being applied to an 
ever growing list of properies of materials. Thus, 
the documented need for additional Standard 

to unprecedentedReference Materials has grown 
proportions, 

Science and technology are continuously invading 
and exploring new an timore severe environments 
such as the reaches of space, the depths of the 
ocean, and travel at supersonic speeds. The re-
quirements for SRM's therefore have become 
correspondingly more exacting and complex. For 
example, chemical composition SRM 's (ertifie( 
for a half-dozen elements with an uncertainty of it 
fraction of a 	 percent were adequate for the steel 

later, eertifi-industry in the 1920's. Some 50 years 
cation of up to 40 elements (some close to the(one-

for certainpart-per-niillion level) is necessary 
SRM's designed for composition control in evaluating 
alloys having special metallurgical properties such 
as strength, ductility, and corrosion resistance. 

Significantly. recent specifications covering the 
chemical composition of materials have been set 
with reduced allowable tolerances, and this trend 
seems likely to continue. These specifications are 

that the materialgenerally designed to ensure 
will fulfill all of the pierfornmiance requirements of 

is the high-the material's end-use. An example 
particu-temperature alloys used in turbiric blades. 

larly those in jet engines. Not only is close control 
necessary for major and minor constituent elements, 
but also for certain tiamp elements such as lead tnd 
bismuth that have proved harmful to the per-
formance of' 	 these materials. Recently specifica-
tions have been written limiting the content of lead 
to a maximum of 5 parts-per-million and bismuth 
to a naximum of a half-part-per-million. For appli-
cations where 	material failure could le catastrophic. 
the close scrutiny of almost every element in the 
periodic table 	will soon be necessary. Similar exam-
pies can be found for almost all segments of science 
and industry. 	The following sections describe the 
availability of SRM's, sources of methodology, and 
standardization activities in five selected industries, 

A. Metals Industries 

Well over half of the currently available SRM's 
are metals widely used in industrial applications, 
Although a number have been certified for their 
physical properties, the great majority of SRM's 
are certified for chemical composition. T"he chemical 
composition SRM's generally are provided in two 
main foirms-chips and solids. Tle chit SRM's are 
used in procedures that involve dissolution of the 
sample before chemical analysis. These SRM's are 
used as controls or in the validation or develop-
ment of chemical methods. The solid metal SRM's 

are used primarily for the calibration and analytical 
control using optical emission and x-ray spectro. 
scopic methods of analysis. 

1. Chip Form Metal SRM's. 

These SRM's consist generally of alloys whose 
nominal con.positions have been selected to pro­
vide a wide range of analytical values for the 
various elements that are of vital concern to the 
chemist and inetvllurgist. The chips are usually 
sized between 16- and 40-mesh sieves and are 

of commercialprepared from selected portions 
ingots produced to N13S specifications. The Ccr­

with each SRM give tile chemicaltificates providedl 
composition determinel at NBS and most Cer­
tificates also include values obtained by other 
laboratories that cooperated ini tile analytical 
program for certification. N13S issues a Catalog of 
SRM's that provides the nominal chemical composi­
tion for each of these SliM's to serve as a guide to 
the user in the selection of the approIriate stand­
ards to meet his needs. The official document. how­
ever, is the Certificate. For illustrative purposes, 
the Certificate of Analysis fur Standard Reference 
Material 8j. Bessemer Steel (Simulated) 0.1 percent 
carbon is given its Appendix B. This is the official 
document that accompanies SRM 8j. Some features 

Tie firstof this Certificate are important to note. 
standard was 	 prepared in 1909 and it was called 
Standard Sample No. 8. Subsequent renewals of 
this material 	 were numbered a, 81. 8e. 8 . 

Tus, 8j is the eleventh lot of tihis type of naterial. 
lots may differ somewhat inWhile each of the 

deiailed analyses, all retain the relatively high !e:el 

c Ilhosleorn s and sulfur ard the low alloy metal 
content characteristic of this type of steel. 

While the Bessemer steel nakirg process is little 
used today (hence "Simulated" appears in the 
descriptive name), the demand by analysts for this 
composition 	 provided suiffrient justification to 

in­warrant its renewal in 1972. NBS and three 
dustrial laboratories cooperated in the analytical 
program for certification of this standard. Two parts 

are of most concern to tlie analyst:of the Certificate 
first, the values reported by the laboratories and the 

of those values, and secondly, aaverage or mean 
brief synopsis 	of the methods eniployed for the de­
termination of the various elements in the cooperat­
ing laboratories. This enables the analyst to see 
immediately the variability among laboratories. 
Thus the analyst cain objectively view the results 
in the light of the methodology use(d to obtain them. 
With respect to methodology, emphasis is made 
that relative methods arc normally not used in the 
actual certification of a standard. Only reference 
or umpire methods of demonstrated accuracy are 
used in the actual analyses. Although many lahora­
tories have developed their own reference or umpire 
methods of analysis, both NBS and cooperating' 
laboratories rely heavily ,in Standard Methods 
developed in interlaboratory (round-robin) compari­
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son programs and subsequently published by the 
American Society for Testing and Materials 
(ASTM). 

When an SRM similar in composition to tire un-
knowns to be analyzed is run as a "control" along 
with the unknowns, analytical results obtained for 
the SRM that are divergent from the certified value 
usually indicaie possible methodology problems. 
The analyst should not apply correction factors to 
the "unknowns" bascd on divergent results of tie 
SRM's. Rather, modification and closer control of 
his method should be undertaken until the results 
on the SRM control are substantially in agreement 
with the NBS certified values. Then and only then 
can the analyst have reasonable assurance that the 
numbers reported for the "unknowns" are reliable, 

The chip form SRM's have been lathe cut with a 
serrated tool. The lathe cuttings are machine 
ground, sieved (usually through 16- to 40-mesh 
sieves) and then thoroughly blended. This provides 
highly homogeneous lots of material of uniformly 
sized particles. For many materials, particularly 
cast irons, the finer sized particles may differ ap-
preciably in composition from larger size particles; 
consequently, the "fines" (smaller than 40 mesh) 
and the very coarse (larger than 16 mesh) are dis-
carded. However, in analyzing "unknowns" rep-
resentative samples must be taken that include the 
proper proportion of both coarse and fine particles. 
Sampling and sample preparation techniques are 
described in detail in the Annual Book of ASTM 
Standards (currently 1973 edition) [l]. 

2. Solid Form Metal SRM's. 

A wide variety of SRM's have been prepared in 
F,lid form for calibrating optical emission and 
x-ray spectroscopic methods of analysis. These 
methods are extensively used in the metals in-
dustry by producers for the pioduction quality 
control of about 90 percent of their output, and by 
consumers for acceptance testing of more than 75 
percent of their purchases. Basically, spectroscopic 
methods of analysis are comparative type methods 
and require SRM's matching the test samples 
closely in composition, form, and physical condi-
tion. To utilize the prime advantages of high speed 
and high accuracy in the analysis of metals and 
alloys by these methods, SRM's must be in forms 
suitable for use without further processing. When 
the first spectroscopic standards were issued in 
1944, the materials were prepared in the form de-
signed ior emission spectrographic analysis only. 

As direct-reading emission spectrometers came into 
being and with the advent of x-ray fluorescence 
analysis in the early 19 50 's, a disk form equally 
suitable to either method evolved. Since tie late 
1950's, all of the solid form steel standards made 
available from NBS have been prepared as disks, 
usually 32 mm (11/4 in) in diameter and 19 mm 
(3/4 in) thick, In recent years, material from the 
same melt bai been prepared in several forms to 
serve the needs of most analytical methods. 

Spectrometric methods of analysis require a 
graduated set of SRM's for establishing analytical 
curves. Previously, most spectroscopists maintained 
that it was necessary to have a minimum of three 
standards for each different alloy to be analyzed, 
and many spectroscopists wanted the standards 
available in both chill-cast and wrought metal­
lurgical conditions. With the many thousands of 
different kinds of alloys being produced, standard­
izing agencies such as NBS soon realized that they 
could hope to fulfill only the basic needs of in­
dustry for these standards. They also recognized 
that the producer was in a position to prepare his 
own standards (usually chill-cast materials), but 
the consumer normally did not have the capability 
to produce the standards he needed for acceptance 
testing (usually wrought products). Therefore, 
NBS concentrated largely on the preparation of 
wrought-type SRM's. 

The solid form metal SRM's available from NBS 
include various iron and steel compositions and 
nonferrous base alloys. Despite the variety of 
compositions of these SRM's and their individual 
development, tie history of the low-alloy steels 
and associated iron SRM's present an excellent 
example of the development of solid metal SRM's. 

The low alloy steel SRM's are divided into three 
groups: those prepared in the mid-1940's, those 
in the mid-1950's (called the "1100" series), and 
those introduced in 1970 (called the "1200" series). 
The original low alloy steels were prepared for 
spectroscopic methods of analysis from the cores 
that remained after the ingots were lathe cut to 
produce the chip form SRM's. Those materials 
that were found to be satisfactory after homogeneity 
testing were fabricated into the final shapes and 
sizes. Although entirely satisfactory for conventional 
spectroscopic methods, these older SRM's generally 
do not meet the stringent homogeneity requirement 
needed by the newer microchemical methods. 
Consequently many of these will be discontinued 
when the present supply is exhausted. 

rhe "1100" series was prepared in the mid-1950's 
and consists of eight SRM's "tailored" to provide 
a useful concentration range for some 25 elements. 
The planning, preparation, homogeneity testing, 
and certification of these SRM's were performed 
through a major cooperative program between in­
dustry and NBS. This series was planned to meet 
the newer, critical requirements for calibration in 
the iron and steel industry. Material for these SRM's 
was prepared by the most modern inciting, casting. 
and fabricating techniques then available to provide 
large quantities of the material of the highest 
homogeneity. The materials were extensively 
characterized including investigations by means of 
electronprobe microanalyzers and quantitative 
metallographic techniques 12, 31. 

First issued in 1957, the "1100" series gained 
widespread acceptance. The demand for these 
SRM's proved so great that the supplies of some of 
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the disk type SRM's were exhausted before their 
planned replacements were available, 

Consequently, a set of five SRM's-the "1200" 
series-was planned and prepared to replace the 
"1100" series. 

The "1200" series consists of 4 low-alloy steels 
and an electrolytic iron containing a graded series 
of 40 elements. Material from the same nelt is 
available in 4. forrms: disks, SaM's 1261-1265. 
31 mm in diamicter and 19 nn thick for optical ernis-
sion, and x-ray spectrometric methods; chips, 
SRM's 361-365, for solution chemical methods; 
rods, SRM's 661-665, 3.2 nn in diameter an( 51 
mm long for inieroeheinical methods; and rods. 
SRM's 1095-1099, 6.4 inin in diameter and 102 mm 
long for determining gases in metals by vacumni or 
inert-gas fusion techniques or neutron activation 
methods ofanalysis. 

Extensive planning, preparation, homogeneity 
testing, and certification were carried out for the 
"1200" series involving a major cooperative program 
between industry and NBS. Appendix C shows 
the present stattus of the certification of the "1200" 
series. 

NOTE: The more recent Certificates of Analysis 
for solid spectrocheinical SaM's contain the follow-
ing statement on precision and accuracy. 

"The vdue listed for a certilied element is the present best 
estimate of the "true" valte based on the tesuhis of the analyti-
cal prograni. The vllie listed is nift deviate fnioexpectedit 

Numerous other books and periodicals exist 
that contain both chemical and spectrocliemical 
methods of analysis. Most of these are referenced 
in Chemnical Abstracts published by the American 
Chemical Society. 

Where differences arise and agreement must be 
reached between producer and consumer, tile use 
of ASTM methods together with suitable SRM's is 
recommended and extremely useful. These ASTM 
methods have been tested and proven in extensive 
interlaboratory comparison programs. Often these 
programs will specify the use of standards. such as 
SlM's, together with unknowns analyzed by ASTM 
chemical procedures. The general agreement that 
is reached on these unknowns by the volunteering 
laboratories attest to both the precision and to the 
accuracy of the methods iunder test. 

Neither the National Bureau of Standards nor 
any other national laboratory can hope to provide 
all the SlM's needed. Cnsequently. users should 
know the commenrcial sources of standards [41 
or be prepared to make their own standards. 

3. Gases if) Metals. 

A variety of SRM's. both ferrous and nonferrous, 
are available for the determination of gases in 
metals, particularly oxygen and nitrogen, but also 

including hydrogen, f1(,titaniiu-ha se alloys. These 
SRM's are for application in the va cItini fusion 

n method for the (letecrn inat ion of gasets ill metals. 
the "(rue" value by niore than :lt in the fasl signfilicantThe nitrogen ( oltent. however. (an be deterlined 
figure reported: for a subscript figure the deviation is not ex. 
petted to be ,inre thla:!5. Based mi the results of hoi,-
geneity testing, inaxiinil variatins within and among 
samples are estimated to bn less then the unuertainty figures 
given above." 

An example of thle tise of this statement is ii-
lustrated for SaM 1264. The carbon content ill 
1264 is certified at 0.87o percent. This signifies 
that the "true" carbonl content is expected to be 
in the range front 0.865 to 0.875 percent. The 
silicon in 1264 is certified at 0.067 percent. This 
signifies that the '"true silicon content of the 
standard is expected to lie within the range of 
0.066 to 0.06 8 percent. 

Unless the user has access to and utilizes the 
proper lethodology. SlM's alone are essentially 
useless. The main reference for ietlhodololgy is tile 
ASTM Book of Standards. Part 32. All proposed. 
tentative, and standard methods of analysis for 
both optical emission and x-ray fluorescence are 
included. In addition. ASTM Coinlnittee E2 oIl 
Emission Spectroscopy publishes a compilation 
that includes not only all of tle methods and prac-
tices included in Part 32, but also a variety of 
suggested Illeth ots that are based solely ,,n tile 
authors' experienct:s. This comnpilation has been 
invaluable in establishing suitable methods for 
analysis of a variety of products- not only for new 
laboratories, but also for well-established labora-
tories that are confronted with new analytical 
problems. This compilation is generally published 
every four years. 
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by chemica l d Ijhlal telhliquls. while nore 
recently neutron activation has eIel) iise 1 rather 
extensively ill the delrlilltatioll of ' xygtit illmetals. 
In addition, inert gas fusion techniques nlay be 

used to determine oxygen. nitrogen, and hydrogen 
ill metals. 

. High-PurityMaterials. 

Several high-purity metal SaM's have been made 
to meet the needs of analysts dleriining ilnpurity 
elements inmetals. They are intended to serve as 
benchimarks in testing methodds and equipmlent. 
They are also expected to be valuable in leveloping 
new or improved methods or techniques that extend 
the sensitivity of detection inthe determination of 
trace constittents in various materials. Oil the 
Certificate of Analysis for high-pnrity SRM's tile 
state-of-the-art information oiltlhchemical coIn­
position is supplied. The Certificates arc revised 
whenever significant, new information is generated. 

SRM's certified for their physical properties play 
a vital role inservicing Ilc National Measreient 
System 151. They serve as the transfer mtec t anisl 
for physical property inea;muenets between 
national standardizinlg laboratoiries and industrial, 
university, and governnilent laboratories. 

A numnber of metal SlM's cortified for their physi­
cal properties have been ,nade available and 
considerable inforination regarding these may be 
found in the SRM Catalog [61. Included are SRM's 
certified for physical properties such as thermal con­



ductivity, thermal expansion, magnetic suscepti-
bility, thermal emittance, and specular reflectance. 

Specific details regarding the certification 
measurements and the use of these SRM's are 
stated on the Certificate that accompanies each 
SRM. Most Certificates provide literature refer-
ences to additional information that may be of 

value to the user. For several of these SRM's, an 
NBS Special Publication in the "260 Series" has 
been written and is available. 
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B. Rubber Industry 

Crude 	 rubber, be it natural or synthetic, is a 
material. There is considerable arthighly variable 

in the manufacture ot uniform, salable consumer 
products from these crude materials. 

Prior to World War II, the rubber products used 
'n the United States were made from natural 
rubber. As World War II approached it became 
evident that the supply of natural rubber would be 
endangered. Research and development was begun 
on a number of synthetic materials to assure the 
supply of this critical commodity. By 1943, a number 

of synthetic rubber plants were inoperation. 
In order to guarantee the uniformity of products 

from the various plants, the U.S, Government took 
steps almost 	immediately to establish a standardi-

zation program. The history of these developments 
and the problems related to the establishment of a 
rubber SRM program have been described by 
Roth and Stiehler [11. 

The principal source of Standard Reference Ma­
terials for the rubber industry is the National 
Bureau of Standards. In the selection of rubbers 
and rubber-compounding materials to be issued as 
SRM's, the National Bureau of Standards depends 
on the advice and recommendations of the ASTM 
Sub-Committee Dll.20 on Compounding Materials 
and Procedures. The present NBS-SRM program 
is based on the following five rubbers: 

- tural rubber 
SRM 	 Type 
385 Natural rubber 
386 Styrene-butadiene type 1500 rubber (SBR 1500) 
388 Butyl rubber 
389 Styrene.butadiene type 1503 rubber (SBR1503) 
391 Acrylonitrile-butadiene rubber 

Each of these rubber SRM's are characterizea 
for homogeneity and comparability to the preced­
ing lots. The specific rubber is blended with the 
appropriate SRM rubber-compounding ingredient 

re­and vulcanized according to the most current 
vision of ASTM Method D15 121. The vulcanized 
rubbers are then measured for Mooney viscosity, 
stress at a given elongation and at failure, and 

strain tinder a given load. All except the natural 
rubber (SRM 385) are measured for electrical con­
ductivity 31. Each rubber SRM is issued with a 
Certificate. 

are not issuedRubber-compounding SRM's 
with Certificates. Consequently each renewal of a 
rubber-compounding material must be as similar 
as possible to its predecessor. At present, the state­
of-the-art inrubber chemistry issuch that numerical
 

values cannot be assigned to the properties of 
interest. Indeed, at this time, it is not even certain 
what the specific properties are that affect the vari­
ous properties of rubbers. Therefore, every effort 
is made to 	 supply renewals that are chemically 

similar to their predecessor, but more importantly, 
the properties they impart to the vulcanizate must 
be similar !o those imparted by their predecessors. 

The rubber-compounding SRM's currently avail­
able are: 

SRM 	 Type 

370 Zinc oxide371 Sulfur 

372 Stearic acid
 
373 Benzothiazyl disulfide (MBTS)
 
374 Tetramethylthiuram disulfide (TMTD)

376 Light magnesia
377 Phenyl-B-naphthylamine
378 Oil-furnace black (HAF) 
379 Conducting black 
380 Calcium carbonate 
381 Calcium silicate 
382 Gas-furnace black (SRF)
383 Mercaptobenzothiazole 
384 N-tertiary-Butyl-2-Benzothiazolesulfenamide 

When these materials are renewed, they are 
evaluated in the same manner as the rubber SRM's. 
This is done by making two recipes, one with the 
intended renewal and the other with the material 
to be replaced. The new lot is accepted as the re­
newal only after a consistency is established be­
tween the various rubbers and rubber-compounding 
materials that is independent of the renewal lot. 
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Huge amounts of carbon black are used in the The uranium oxide chemical assay Standard, 
formulation of rubber; therefore, a secondary SRM 950a, was developed as an outgrowth of tile 
standard supply known as "Industrial Reference NBS position as a referee laboratory in the 1950-
Blacks" has been established by ASTM Committee 1960 period. A complete description of the develop­
D-11 (Rubber) and D-24 (Catbon Black). The ment and a discussion of the stoichionetry problems 
present material is "Industrial Reference Black and their resolution is included in Analysis of 
No. 4" and is available from any sales office of the Uranium Concentrate at the National Bureau of 

Standards [11. and Analytical Mass SpectrometryGeoffrey Cabot Corporation. 
Because of the importance of the changes in Section: Summary of activities. July 1969 to June 

properties of rubbers upon immersion in oils. a 1970 [21. 
series of ASTM Reference Oils has been developed. The plutonium metal standard. SlM 949 (now 
These are designated as "ASTM Reference Oils SRM 949d). has been issued by the National 
No. 1, No. 2, and No. 3" and are described in Bureau of Standards since 196?. This high-purity 
ASTM Method D47 [21. Oil No. 1 is no longer chemical SRM was prepared and iLssued in coopera­
available, and a replacement is being sought. Oils tion with the AEC and is intended as an assay 
No. 2 and No. 3 are available from the Sun Oil Co., standard for the analysis of iplutonitini and plutonium 
Philadelphia, Pa. based fuels. This particular SlIM is one of tie 

The rubber industry in the United States has been primary standards used by fuel processors. fabrca­
most active in the International Standards Organi- tors. users. anti regulating agencies. 
zation Committee ISO/TC 45 on Rubber. Conse- While the use of the plutonium metal SRM is 
quently, many of the ISO methods strongly resemble quite broad. tie packaging,. preparation. and ana­
those of ASTM. The ASTM methods for both rubber lytical details presentiproblenis of maintaining 
and carbon blacks are described in Part 28 of the adequate supplies of this SlRM. To remedy these 
Annual Book of ASTM Standards [21. These stand- problems. the preparation of a lplutonium chemical 
ard procedures are developed and are continually compound for assay purposes was undertaken in 
revised by ASTM Committee D-11 on Rubber 1967. A variety of plutoniun compounds was in­
and D-24 on Carbon Black. vestigated for stability ard stoichiomnetry as pos­

sible "candidate SRM's." A report on the stoichi­
ometry and stability of plutonium sulfate tetrahydrate 
by C. Pietri was published in 1968 [31. As a result

References of this report and other work at NBS arid the 
AEC's New Brunswick Laboraories, a 

IIlRoth, F. L., and Stiehler, R. D., Standard Materials for 
assay standard of pIlutonium sulfate tetraiydrateRubber Compounding, Proc. Intern. Rubber Conf. No. 

8-13, 1959, p 232, American Chemical Society. Wash- was p)repared and is now issued as SRM 944 by 
ington, D.C., 1959. NBS as an alternate SRM for the plutonium metal 

[21 Annual Book of ASTM Standards, Part 28. Rubber, Carbon SRM, 949d. While tie formier SRM does not dupli-
Black, Gaskets, American Society for Testing and Ma cate the riatrix effect of the lattr SRM, it is more 
terials, Philadelphia, Pa., 1972. 

[31 McKinney, J. E., end Roth, F. L., Carbon black differcntiation readily available, more convenient to use, and is 
by electrical resistance of vulcanizates, Ind. Eng. Chem. suitable for most analytical work. 
44,159 (1952). In addition to the uranitit and ptluitonium 

chemical compounds, NBS issues a series of 
C. The Nuclear Measuiremnent System Uranium oxide isotopic SRM's and three plutonium 

In the area of nuclear measurement, as in most isotopic SRM'a as described in Appendix E. These 
SRM's are intended to be used as calibration stand­other areas where the measurements to be made are 
ards i nmaking mass spectrometric nicasurenicnits.chemical (analytical) in nature, the primary chemi-

of these
cal SRM's issued by NBS are alpplicable. These The letails of prepiaration and analysis 

SRM's conform to tile IUPAC materials are found in NBS Special lublicationprimary chemical 
Uraniut Isotopic Standard Referencedefinition of primary chemicals in that they are at 260-27, 
[41 antIl in NBS Technical Note 546, p.least 99.98 percent pure substances. These NBS- Materials 

SRM's can be used to calibrate typical chemical 24 [21. 

systems such as acid-base reactions and oxidation- A variety of other isotopic SIM's available 
reduction reactions. They are listed in Appendix D. from NBS relates tto the mcasuretnent of the age-

In addition to the chemicals usually thought of ,dating isotopes of strontium and lead and are 
as primary standards, NBS issues three other ma- listed in Appendix F. One of these. SlIM 988, is 
terials that have primary applicability in the area a precisely measured solution of pure stroitiunr- 8 4 
of nuclear materials for the analysis of chemical to be used as a spike solution to nake isotope 
composition and also a variety of other SRM's dilution age-(lating measurements. Another SRM­
either directly or indirectly related to nuclear 987, Strontium Carbonate- is a conlemporery rock 

In addition to themeasurement systems. These SRM's were de- arid chemical assay standard. 

veloped over a long period of time in conjunction strontium dating SIRM's. three lead isotopic SRM's
 

with the U.S. Atomic Energy Commission (AEC) are issued for the calibration of mass spectrom­
and are listed in Appendix E. eters making lead dating measurements.
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Besides the NBS role in the standardization of 
nuclear measurements, other laboratories, espe-
cially those within the AEC. issue standards 

relating to this same activity. The New Brunswick 
Laboratory for example issues several series of 
standards: Uranium bearing ore standards; pitch-
blende; and monazite counting* standards; UF4. 
U0 3, Th metal, Be metal, and UO2 issued for 
chemical assay and/or impurities; and three graded 
series, 1102. U:iOs, and BoO. certified for a variety 
of trace elements. 

The AEC's Oak Ridge Nalional Laboratory 
(ORNL) issues a series of stable isotopic materials 
with nominal isotopic compositions that vary from 
those usually found in nature. In the past these 
were listed in the ORNL isotopes catalog; however. 
they are now listed in Radio Isotopes, Stable 
Isotope Research Materials 151. 

The number of nuclear materials issued by foreign 
nations is somewhat limited. Ilowever, NBS dis-
tributes fissile nuclear material to the International 
Atonic Energy Agency (IAEA) member countries, 
through IAEA; and to countries that have entered 
into an AEC agreement on the use of fissile material. 

Measurement methodology for nuclear material 
is available from several soi'rces. As this particular 
discipline is relatively new. most laboratories have 
developed their own analytical handbooks to deal 

that they face. -Thewith the analytical problems 
Los Alamos Scientific Laboratory (LASI), Argonne 
National Laboratory (ANL), and others have written 
their own procedures outlining in detail the ana-
lytical methods used. A valuable source of specific 
information in the general analysis of these mate-
rials is Analysis of Essential Nuclear Reactor 
Materials 161. 

The basic reference methods have been or will 
be incorporated into the Book of ASTM Standards. 
These now appear in the 1973 Book of ASTM 
Standards, Part 32; but after 1974. they will appear 
iti a new. separate volume, Part 45. hi addition, 
most nethto,s approved by ASTM are incorporated 
without change as standard niethods by American 
National Standards Institute (ANSI). 

Although other sources of standard methods or 
reference iethtods are somewhat limited, most 
specific niethods and essentially all of the general 
methodology have bee pmblished in scientific 
journals. Periodic reviews oif the appropriate 
journals provide a convenient ncans of staying 
abreast of current analytical procedures. 
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D. Inorganic Standards 

The Standard Reference Materials described in 
this section are economuically important either in 
themselves or in thell preparation of some product. 
For the most part, these are naturally occuring 
materials; consequently, they (ontain a wide range 
of minor and trace constituents. Depending upon 
the end use of the naterial, these cnstitents may 
enhance or detract fromt lit, Mouit(' value or 
technological use of v material. Thcrefore, pro­
ducers must carefully select li, inaterial that has 
lbe best balance Iecwce desirable and undesirable
 
the best halaiToeabetindustr(lintrabsesandctndnstrabl 
( nstitcnt s. To' aid tilustry' in this scletliti proc­
chenical cnpsitia,includin such materials as
 

ores, ceients, fetilizers. minerals, refractories, 
and glasses. 

The st adardizat ion cftrs of N11 for itiorgan 
mat erials have been directed toward the actcurate 
determination of those ttmslittients that are essen­
lial to the users, but not ,wcessarily toward the total 
cliaracterizatitn oif lie tnaterial. 

Two flmirspars, S NI's 79a and 180, illustrate 
tiese clfrts. Although hoth S M's are certified 
for calcitu fluoride c'onitent only, they are certified 
for different purposes. SlIM 180, a higher purity 
fluorspar, is issued primarily for use by geoclietiists, 
while S101 79a is issued as au assay standard for 
the U.S. Bureau of'(:ust(s and ftluorspar importlrs. 
SI1M 79a is ccrtified at 97.39 wt % CaF. primarily 
fur use by the Bureau if' (usloiis to determine the 
duty to be assessed (ot inported Iluorspar, which 
is based on tine CaF content. For acid-grade 
ftuorsiar (containing at least 97% ( aF), tlie duty 
charged per ton is hss than the dulty charged for 
netallurgical-grade fluorspar (containing less than 
97% Cal"2 ). In 1972 the duty for fluorspar was $2.10 
per long ton for die acid grade and $8.40 per long 
ton for the metallurgical grade. In ihat year, the 
total fluorspar consumltion in theIU.S.was 1,276,329 

long tos, of which 1,181,530 long tons were iti­
ported and for which duty was paid. Thius, the eeo­tomi(' itop~rtaticc of suc.h ati1SlIM is easily seen. 

While tie fluorspar SRM's illustrate the impor­

tance of the major constituent of a material, many
glasses require minor constituent measurement and 
c 
certification. Glasses gencrally consist of a mixture 

of thlie oxides of silicon, barium, calcium, sodium, 
and potassium. The ptysical properties of the 
finished glass depend on the quantities of these 
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oxides, the presence and quantities of other metal 

oxides, and the preparation techniques used (heat-

ing rate, annealing procedures, etc.). For example, 

a low-expansion, heat-resistant glass (borosilicate) 

usually contains a significant amount of B.,O:, and 

its amount must be accurately controlled by the 

producer. 


o aid in the analysis of such glasses, NBS issues 

two SRM's certified for B, :, content: SRIM 92. 

Low-Boron glass (0.70 wt. % B _,0:) and S1M 9 3a, 

High-Boron glass (12.6 wt. % lB,2:0). 


Currently NBS issues 14 ores, 8 cetents, 3 
fertilizers, 9 minerals, 7 refractories, and 6 glasses 
certified for cheoical composition. Seven of the 
eight cements are new SIIM's issued since the 1973 
Catalog. The analyses of the cenients are given in 
Appendix G. Besides these SRIM's a special glass 
was prepared and doped with 61 trace elements to 
form (nominal) concentration levels at 500, 50. 1 
and 0.02 ppnt. Ilese SICM's. called Trace EIt-
ments in Glass, were developed for tise in cali-
brating instrumnents and in checking analytical 
teclh niques and procedures emnployed in tle deter-
mination of trace elements in glass and glass-lik( 
inorganic matrices (e.g., ores, ceramics).

NBS also issuet'S ten glass SlIM's (ertifi(ed o," 

viscosity, relative stress oplical cetlficivnt, soften-
irig poinl, annealing point, and strain point, 

In addition to tIie standards available from NBS 
a variety of similar standards are available from 
other solrces inhcliding: 

Geloia yofC6. 
Geological Survey oCanada 
Department of Energy, Mines, and Resources 
555 Booth Street 
Ottawa 4, Ontario 

Bureau of Analysed Samples, Ltd. 
Newhani Hall 
Middlebrough, Yorkshire, England 
Office National des Measurements 
Budapest XII hungary 

The Iron and Steel Institute of Japan 
No. 5 Otemachi 1-chonie 

ydy100Chiyoda-Ku.'okyo 100Test 
Japan 

Schweizerische Arbeitsgeneinschaft 
fuer Stein und Erden 
Mineralogisch-petrographische Institut 
Sahlistrasse 6 
Bern, Switzerland 

The American Society for Testing and Materials,
1916 Race Street, Philadelphia, Pennsylvania, 
19013, is currently revisinr its DS 2 Publication: 
Report on Available Standard Samples, Reference 
Samples, and High-Purity Materials for Spectro-
chemical Analysis (1963). This publication provides 
a ready reference for sources and availability of 
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standards, reference samples, and high-purity 
materials. 

Methods of analysis, specifications or research 
information related to several inorganic SRM's are 
given below. Standardization activities for most of 
these materials are under the sponsorship of the 
American Society for Testing and Materials 
through one of its comnittees: C-I on Cements, 
C-8 on Refractories. C-14 on (;lass and (;lass 
Products, and E- 16 on Samding and Analysis of 
Metal Bearing Ores and Related Materials. Addi­
tinal standardization activities for cements are 
conducted by the Portland Cement Association. 

Sources of Information 

/Glasses: 

I. Naplitano, A.. ani Ilawkins. E. G.. Viscosity of a Standard 
S,,da-l.in.-Silica Gtass, J. ties. NBS 68A l'hy. and Cieim.),
No. 5.439-4.18 (Sep-()ct 19610.

2. Nalitano. A.. and Hawkins. E. G.. Viscosity .f a Standard 
lhor,,silieate Glass. NIIS Spec. ldott. 260-23 (1970. 

3. Napolitano. A., and tlawkins. E. G., Viscosity of a Standard 
Iead-Silica 	{;lass. NIS Misc. 'Uil. 260- l%9ti6). 

-. Annual Ihmk if ASMTM Staindarls. Part 13 11973),. ChemicalAnalysisti" las Sand. ASTIM Ihsig.aiiojj C 146- i66:Chemical 
Analysis of Siida-l.ine (;lass. ASTM Designation C169-69; Test 
for A..\iiviling l'int and Strain liit i (,lass.ASTIM Designation 
C:)36-0i9 : lt ;ffr S,ftviiing Pint Glass. ASTM Desig,,ation 

t;illIs. T. honipsin. t.A., and Masters, L. W., Deter:5. T.EE. 'h n s . .A. , Ma er.1.W .D t ­
rination of irac E.lements in (Glass by Aitivation Analysis 
Using lydrated Antimony Pentoxide fhr Sodiin Ilcnoval. 
Anal. Chem. 42, No. 14 11970).

Maienithal. E.J.. ectermination ifTrace El'ments in Silicate 
Matrices by Differential Cathoide Hay Polarigraphy. Anal. 
Chem. ,I5, No. 4 1973). 

7. Barnes. J. ... Garner . I.., Grailich, J. W.. Moore. I.. J., 
Murphy T. J.. Machlan. I. A.. Shields. W. It.. Tatsurnoto, M.,
and Knight. I. J., )etermination (if L.ead, Uraniumn, Thorium 
and Thallium in Silicale Class Standard Materials by Isotope 
Dilution Mass Spectrometry. Anal. Client. 45, No. 6 (1973). 

Ores: 
8. Annual look of ASTM Standards. Part 32 (1973), Test for 

Silica in Iron Ores and Manganese Ores, ASTM Designation
E 247-71; Test for Manganese in Manganese Ore by the Pyro. 
phosphate (Potentionietric) Method. ASTM Designation E 248­
68; Tcst for Total Iron in Iron Ores by Stannous Chlioride Reduc­
tion and Dichroimate Titration. ASTM Designation E 278-71; 
Test for Manganese in Iron Ores, ASTM Designatin E 314-71;

for Iron in Manganese Ores, ASTM )esignatin E 316-71;
and Chromium Oxide in Chrome Ores. ASTM Designation 
E342-71. 
Minerals: 

9. Shultz, J. I.. Bell, It. I., Hain. '. C.. a,,i Menis. o. Me',,,ds 
of Analysis of NtIS Clay St,,ndards. NBS Spec. Publ. 260-37 
(1972).

10. Annual Book ef ASTM Standards, Part 13 (1973I, Chemical 
Analyses of Ch,ime Containing Refractories and Chromne Ores,
ASTM Designation C 572-70; Cheniical Analysis of Fire Clay
anti Iligh-Alunina Refractories, ASTM Designation C 573-70;
Chemical Analysis of Magnesite and Dihurnite Refractories, 
ASTM Designation C 574-70; and Chenical Analysis of Silica 
Refractories, ASTM Designatiin C575-70. 
Cements: 

11. Annual Book of ASTM Standards. Part 9 (1973), Standard 
Specification for Portland Cement, ASTM Designation C 150-70; 
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Test for Fineness of Portland Cement by Air Permeability Ap-
paratus, ASTM Designation C 204--68; and Test for Fineness of 
Portland Cement by Turbidimeter, ASTM Designation C 115-70. 

E. 	The Clinical Measurement System 

The practice of medicine is still fundamentally 
an art in terms of measurement science, primarily 
because of the extreme complexity of physiological 
systems. Consequently, a physician still depends 
to a large extent on his ability to build up a lore, and 
to use that lore to diagnose and treat various 
maladies. During the past 100 years, a number (if 
scientific disciplines have come into being in the 

practice of medicine. These include: radiology, 
histology, microbiology, hematology, clinical chem-
istry, and others. This section is devoted ahntst 

entirely to clinical dhemistry. 
The functioning of the human body, and indeede, 

any biological system, depends upon the coordi-
nated operation of almost countless chemical 
subsystems. Because people are different, the 
parameters defining these systems vary consider-
ably among healthy people [11, but show marked 

In 	prin-deviations in the case of many illnesses. 
ciple, by keeping records of levels of various 
chemical and biochemical constituents in tile 
various body fluids, cells, and tissues, tile onset 
of illness could be predicted before physical 
symptoms are apparent. 

The accuracy, and sometimes even the precision, 
of the data generated by clinical chemistry labora-
tories is in need of improvement. Many practicing 
physicians use clinical chemistry data to support 
diagnoses based on other medical or physiological 
symptoms. Further, because of the lack of pre-
cision and accuracy in these data, the physician 
using such data usually applies a large safety factor. 
Thus, normal ranges for various chemical constitu-
ents have been developed based on large popula-
tions. This situation cannot noticeably change until 
the accuracy and precision of clinical chemistry data 
are greatly improved, 

Many problems associated with the imprecision 
and inaccuracy of today's clinical chemistry data 
may be attributed to four sources: 

(1) Tile lack of high-,uality reference standards. 
(2) Tile lack of well-designed and critically 

evaluated test methodsi 
) Te

(3) The rapid turnover andlor lack of motivation 
among manmy of the peole actually making 
the measurements. 

(4) 	 The change in the specimen froi the time it 
is removed from the body until te actual 
measurement of the desired parameter is 
begun, 

Only SRM's and reference methods (1 and 2, 
above) will be considered in this section. 

Clinical chemistry is basically no different from 
any other type of analytical chemistry. It depends 
upon acid-base reactions, oxidation-reduction 

reactions, the weighing of a precipitate, the evalu­
ation of a colok, etc. For such reactions, several 
groups of SRM's are available from NBS. 

These SRM's designed for acid-base and oxida­
are usually high-puritytion-reduction reactions 

chemicals, which are evaluated in terms of the 
desired reaction. These "primary chemicals" are 
listed in Appendix D. 

The use of these "primary" chemical SRM's 
permit the achievement of the most accurate data 
presently possible in the areas of acid-base and 
redox titrimetry. However, these SRM's are not an 

end in themselves. Samples of these SRM's must 
be accurately weighed; they must be dissolved into 
solution using clean glassware calibrated accord­
ing to NBS instructions [21; consideration must be
given to the temperature, i.e.. the Solution must be 

allowed to reach equilibrium at room or other 
specified temperature before diluting to the volu­
metric mark; the quality of the distilled water must 
be frequently evaluated; and, consideration must 
be given to the environment in which the measure­
ments take place. An excellent example of high. 
accuracy oxidation-reduction titrimetry has recently 
been published [3]. 

1. 	 Spectrophotometry. 

One of the more frequently used techniques in the 
clinical chemistry laboratory is spectrophotometry. 
The importance of this technique is enchanced 
because it is often used to obtain the final number 
from which the required data is calculated. Spectro­
photometers tend to fall under the general heading 
of "semiautomatic" and as such their maintenance 
and calibration are frequently neglected or over­
looked [4]. 

Accurate spectrophotometry depends principally 
on five parameters: the stability of the light source; 
the performance of the monochromator and accurate 
knowledge of the wavelength of the light as it passes 
through the sample; the pathlength through the 
sample; the reduction of stray light to a minimum; 
and. the performance of the detector (photometer). 

The stability of tile light source is more or less an 
inherent feature of the construction of the instru­
ment. A certain amount of instability can be over­
come by the use of double-beam instruments. The 

control of this parameter does not lend itself to the 
use of SRM's. 

The performance of the monochromator is also a 
structural feature of the instrument. However, the 
wavelength accuracy must be determined periodi­
cally at several points. The knowledge of the ac­
curacy of one wavelength does net guarantee a 
corresponding accuracy or lack of bias at another 

wavelength. The mercury emission spectrum offers 
a number of accurately known wavelengths, table 1 
[5], and is the method of choice in those cases where 
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it can be adapted to the spectrophotometer. In 
cases where the use of the mercury lamp is not con-
venient, the absorption spectra of holmium oxide 
and didymium glass [6] provide a useful alternative, 
table 2. 

TABLE 1. Mercury reference wavelengths useful for spectro.photometer wavelength calibration 

Wavelength (nm) Wavelength (nm) 

1. 253.65 7. 404.66 
2. 269.73 8. 407.78 
3. 302.15 9. 435.84 
4. 313.16 10. 546.07 
5. 334.15 it. 576.96 
6. 365.01 12. 579.07 

Almost invariably, clinical spectrophotometry 
measurements are made on lhquids. The liquids are 
contained in rectangular-parallel pipedal cuvettes, 
and the pathlength of the beam through the liquid 
to be measured is defined by the dimensions of 
this cuvette. Cuvettes are available from many 
commercial sources, but, the quality varies widely. 

TABLE 2. Characteristicwavelengths of didymium and holmium 
glasses 

nmnm 1 

Holmium 241.5 0.20 
Holmium 279.4 .30 

.35Holmium 287.5 

Holmium 333.7 
 .55 
Holmium 360.9 .75 
Holmium 418.4 1.10 
Holmium 453.2 1.40 

2.30Holmium 536.2 
Didymium 573.0 3.00 
Didymium 586.0 3.00 
Holmium 637.5 3.80 
Didymium 685.0 4.50 

I" 
395 

A standard reference cuvette (SRM 932) is available 
from NBS. SRM 932 is an all-quartz cuvette pro­
vided with two optically transparent and parallel 
windows (the Certificate for SRM 932 is Appendix 
H 171). 

Stray light is light of other than the desired wave­
length passing through or around thle sample at th~e 

t o as reeth Sray l h e a mle ate
time of measurement. Stray ligzht ray be estimated 

by setting the instrument at 100 percent trans­

mittance. inserting a sharp cutoff filter, and ineas­
uring the photometer reading. Any indicated trans­
mittance may be attributed to stray light. There are 
no Standard Reference Materials for stray light, 

although such work has been proposed. 
The photometric response of the spectrophotom­

eter is the measurement upon which the calculation 

of the desired result is based. Consequently, much 
effort has been expended to develop standards in 
this regard for the accurate calibration of spectro­
photometers. For many years NBS has offered a 
series of glass filters identified as SRNI 2101-2105, 
Color Standards for Spcctrol)itometer-Tristimulus 
Integrator Systems [8]. Since a smtall error in the 
determination of the wavelength will result in a 
gross error in the transmittance, the use of a more 
neutral filter for this purpose is highly desirable; 
that is, a filter whose transmittance shows relatively 

small variations with wavelength. Such filters are 
issued as SRNI 930a, (;lass Filters for Spectro­
photometry (see Appendix 1). 

While glass filter3 provide a highly accurate 
means of calibrating the lphotornetric components 

use ofof a spectrophotorneter, in many cases the 
such filters is either inconvenient or nearly impos­
sible. To alleviate this problem, NBS developed 
SRM 931, Liquid Absorbance Standards for Ultra­

violet and Visible Spectrophotometry (see Appendix 
J). The filters in SRM 931 were prepared by dis­
solving high-purity cobalt and nickel in a mixture 
of nitric and perchloric acids. The absorption 
spectra of the resulting solution is shown in figure 1. 

WONIENDGTH. rn 

Relative absorbance spectra of NBS-SRM 931, Liquid Filtersfor Spectrophotometry.FItGtRE 1., 

27 



The maxima at 302 and 512 nm is caused by absorp-
Co(H20)V, respectively. Thetion by NO- and 

nm and the plateau at 650-700 nmmaximum at 395 Fl pH of these solutions are 	casdbyNTtbc,.
arec N 

is about 1. The absorption curve (fig. 1) of this SRM 

is wavelength dependent 191. The certified values for 
"net absorbance" of SRM 931 are given on the 

Certificate (Appendix J). 
exists tat measurements couldThe possibility 


be made with an instrument mecting all criteria 


for accuracy and precision and still yield poor 

be 	caused by faulty operatorresults. This ould 

techniques, problems with ,uvettes, or imlroper 

preparation of solutions. To test the entire spectro-
a stable. easilyphotometric measurement system, 

prepared soltution having accurately known spec-

trr.l characteristics is highly desirable. Several 
such solutions have been proposed. some of which 

are 	listed below: 

(a) 	 An alkaline solution of potassium chromate 
110!I. 

(b) Solutions of potassium diproiate in 0.01 N 
sulfuric acid at concentrations of 0.0500 and 
0.1000 grain per liter II1. 

(c) 	Solutions of cobalt amumonium sulfate in 
dilute sulfuric acid 181. 

(d) Potassium nitiate solution. 

NBS has supplies of certain high-purity salts 
that are currently being issued as SRM's for other 
purposes. These include potassium hydrogen 
phthalate (SR NI 84h), potassium dichromate (SRM 
136c), potassitini nitrate (SRM 193), and benzoic 
acid (SRM 351). N13S plans to measure the absorp-
tion spectra of' solutions of each of these materials 
and may issue a set of the four materials as an 
SlM with directions for preparing solulitis of 
knov;n characteristics. 

2. 	 Ion-Selective Electrodes. 

The use of the ion-selective electrode in the 

clinical laboratory is not new. The determination 
of acidity (IjI) has been carried out for many years 
[121. More recently. the use oif ion-selective clec-

trodes has been vxteided to include various in-
organic electrolytes 1131. Still more recently. 
electrodes have been designed to meastre organic 
comlunds 1141. As th1e areas of, isefilness of the 
various ion-selective electrdes are extended and 

in tlhetheir imiiatuirizationi is achieved, their use 

clinical laboratory shoud increase markedly. 


It has long been recognized that the Ofi of blood 
reflects the aIcid-basv balance of the body. The jill 
level is controlled between relatively narrow li.:ts 
by intricate nechanisns involving the Iroltuctiol, 
elimination and bufferinlg of acids by the body. Its 
measurent is of' great significance and may be 
related to a large umnber of specific pathologic 
conditions, including respiratory, gastro-intestinal, 
and renal diseases 1151. 

In routine measurements o prI, tile t:1tUUU
 

and emf measuring potentiometer used are not
 
stable and musth be calibrated periodicallyhighlyfracrt ok 	 forwork. The subject of standardsfor accurate 


has been discussed [161,
acidity measurements 
and NBS has issued a series of SRM's defining the
 
pH scale from 1.7 to 10.0. The inixed phosphate
 

and SRM 186Ic,
buffers (SRM 1861c, KH 2 PO4., 
POi) have been useful in the normal physi­Na.10 


ological range, although problems with their use,
 

such as precipitation of serum calcium, (1o exist.
 

[, correct some of these problems, mixtures of 
and its hydro­tris(h),(lroxyinethiyl)aminointhane, 

use. 	and SRM's of thesechloride have comie into 

materials are now available (see Appendix K).
 

The determinations of other electrolytes by ion­

selective electrode techniqtes are performed as 
for pHl. Again, careful calibration is necessary for 

three SRM's areaccurate results. At present,reset
 
aalbefor calibration of ion-selective electrodes 

(Appendix 1). Each SIM is certified for the activity 

coefficient of the cation and anion as well as the 

p(lon) value at several concentrations. Plans have 

been made to prepare calcium an( silver SRM's for 

ion-selective electrodes. 

3. 	 Clinical SRM's. 

The generalized techniques described previously 
and the SRM's that control them are used to deter­
mine many different constituents of body fluids. 
Also available from NBS is a group of SRM's for 
standardization of methods used for specific com­
ponents (Appendix NI). 

All of the materials listed in Appenlix 1,are 
highly purified. The sermini instit uent to which 
they refer is obvious, except that of t-Mannitol 
(SRM 920) which is used in the determnination of 

of the SRM's is dissolved intriglycerides. Each 
the appropiriate solvent and subjected to the same 
manual or autonatic treat ment as the seriI. 

The clinical SRM's have been criticized as being 
... what the clinical laboratory"useless in tihis forrm 

needs arc SRM's in a serumior other matrix." How­
ever, aiialytical biological chemistry has not reached 

where this can be done. Ho.the 	 state-of-the-art 
mogeneous sera samples could doubtlessly he 
prepared, but at present this would lead only to im­
irovenent in precision. while the goal of standard­
ization in clinical chemistry is compatilbility through 

At this lime. the (only rotute to accuracyaccuracy. 
is through the use of a reference method that will 
give accurate results with lboth irc-material SRM's 
and seruni. When iefercnee metlhods are perfected, 
the preparation of accurately charactciized serum 
SlM's will be possible. 

For electrolytes, the state-of-the-art i ,,ucih that 
inmost constituents can lbe determined directly 

serum using isotope-dilution mass spectrometry. 
Certain other electrolytes can be determined by 
"classical chemical" or carefully controlled spectro­
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scopic methods. In cooperation with the Center for 
Disease Control, NBS is studying the development 
of SRM's containing sodium, potassium, calcium, 
magnesium, lithium, and chloride at three con-
centrations in serum, and the development of 
associated reference methods. Such development 
will be a genuine break-through, hut the certifica-
tion of similar organic and hiochemical-type SRM's 
in serum must await [lie development and improve-
merit of organic analytical methodology. 

Research and development work oil additional 
SRM's is being pursued. In many cases this work 
demands the development of new analytical cam-
petences. A priority list for clinical SRNI's (Alp-
pendix N) was developed by the N13S Analytical 
Chemistry Division Clinical Chemistry Advisory 
Panel in 1973, and work on the higher priority 
materials is underway. The Catalog of Standard 
Reference Materials will list these materials when 
they become SRM's. 

4. Reagent Chemicals. 

As equally important as the use of SRM's to 
control the quality of data, is the use of quality 
reagents used to produce the data. These reagents 
serve a variety of functions: reactant, stabilizer, 
solvent, buffer, catalyst, cofactor, etc. Each reagent 
chemical added to the chemical system introduces 
some impurities, some of which may produce 
unexpected and possibly undesirable results 1171. 

At present two major works deal with specifica­
lions for reagent chemicals. One is publislied in the 
United States by the American Chemical Society 
[181, the other in Great Britain by Analar Standards, 
Ltd. 1191. Both of these sets of specifications require 
minimum assay values and define in depth tile 
limits for impurities. 

Throughout the world there are a nmberfif 
pharmacopeial compendia. These primarily define 
chemicals that are to be used as drugs so that there 
will le no toxic or other deleterious effect. There 
are two such volumes in the United States, the 
United States Pharmacopeia 1201 and National

Formuary 111. 
Formulary 1211. 

A generalized scheire was devised by the 
IUPAC Analytical Standards sub-committee tio 
classify reagent chemicals [221. This system 
embraces only highest purity chemicals as follows: 

Grade A: atomic-weight standard. 
Grade B: ultimate standard-a substance which 

can be purified to virtually atomic-
weight standard. 

Grade C: primary standard-a commerciaily 
available substance of purity 100±_0.02 
percent. 

Grade D: working standard-a commercially 
available substance of purity 100 ±_0.05 
percent. 

Grade E: secondary standard-a substance of 
lower purity, which can be stand­
ardized against primary (Grade C) 
material. 

Obviously, a great many reagents in the area of 
biological and organic chemistry do not fit into this 

system. Radin has worked for several years to ex­
tend this classification to include such materials. 
However, his efforts have not been widely accepted 
to date. The National Academy of Sciences has 
attempted to fill this ,,ap with "Specification and 
Criteria for Biochemical Compounds" 1231 which 
provides specifications and criteria f-ir about 500 
biochemicals. 

The rot important, and possibly the least 
studied. reagent in clinical chemistry is reagent 
water. Nothing varies so much froim laboratory to 
laboratory or with tilne. Genri-ally. the quality of 
reagent water is assessed on the basis 11f its con­
duc.tivity or concentrations of inmirganic salts. Only 
the specialist thinks about possible organic and bio­
logical impurities. Specifications for reagent water 
are given in ihe ACS Reagent Chemicals 1181 and 
in the ASTM Bhk of Standards 12411. The problems 
and implications arising from the contaminants 
in reagent water have been documented by 
Winstead 1251. 

.5. Kits. 

In recent years the use of self-contained kits has 
greatly increased in clinical chemistry, especially 
in the physician's office or in the small laboratory. 
A kit has been defined as any single reagent or 
combination of reagents and instru meats packaged 
together with instructions for lisc in a clinical 
laboratory. This definition could be quite easily
interpreted to include everything froin Ihe simplest

I 
test tube ensmble intended fOr a specificreagent 

determination to a mulichannel toated analysis 
'machide.
There artc some 400 c'oinpaniet, in the [Jiited 

States engaged in the manufacture of clinical kits. 

These mantufacturers andIlthe nature of their kits 
are described in tlie Imblicatiou "list of Test Kits 
for Clinical Laboratories" issued by the Center 
for Disease Control 1261. For data on any specific 
kit, the reader should write directly to the 
manufacturer. 

Studies have been made by J. E. Logan and his 
associates at the Canadian Communicable Disease 
Center on methods and instrument in use in 
Canadian Clinical Laboratories [27, 281. These 
workers have also studied the merits of various 
kits for the determination of calcium 1291, glucose 
[301, urea nitrogen 1311, and cholesterol [321. 
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6. Sources of Methodology. 

of the sections of this publication, the
In most 

as used in the laboratories are
methods described 

type. Such methods have been
of the standardized 
developed by consensus procedures and often have 

methods are develo)ela quasi-legal status. Such 
by the American Society for Testing and Materials. 

and vari-the International Standards Organization 

as the Trade Association ous special groups such 	
the

of Pulp and Paper Industries (TAPPI) and 
of Texfile Chemists and

American Association 
Colorists (AATCC). 

In the clinical laboratory the situation is different. 
sense. In

No standard mihlods exist in the ASTM 
a given laboratory are

general, the methods used in 
director of that laboratory from the

chosen by the 
journal literature and textbooks. Many of the 

in clinical laboratories are the
methods used 

or areby a kit manufacturermethods adopted 	
use

those employed by the automated systems in 


in that aboratory. 
 sug-Tiare 
and journals aratoryThe 	 following textbooks of laboratorygested without comment as sources 

a. Textbooks 
(1) Henry, R. J., Clinical Chemistry, PrincipleE 

Medical Division,and Technics, Hoeber 
Harper and Row, 	1964 (and later revisions). 

(2) Todd-Sanford-Clinical Diagnosis by Labora-
tory Methods, 14th Edition, 0. Davidson 
and J. B. Henry, Ed., W. B. Saunders Co., 
Philadelphia, Pa. 	1969. 

(3) Fundamentals of Clinical Chemistry. N. W. 
Tietz, Ed., W. B. Saunders Co., Philadel-
phia, Pa. 1970. 

(4) Reynolds, M. D., Clinical Chemistry for the 
Small Hospital, C. C. Thomas, Spring-
field, I11. 1969. 

b. Journals 
of Clinical Pathology(1) American Journal 

Society of Clinical(monthly), American 
Pathologists, Chicago, I11. 

(2) Clinicz'l Chemistry (monthly), American Asso-

ciation of Clinical Chemists, Winston-
Salem, N.C. 

(3) 	Clinical Biochemistry (nionthly), Canadian 
Society of Clinical Chemists, Ottawa, 
Ontario. 

Acta (monthly), Elsevier(4) Clinica Chimica 
Publishing Co., Amsterdam, Netherlands. 

(5) Analytical Chemistry (monthly). American 
Chemical Society, Washington, D.C. 

Every second year, a review of analytical 
methods used in the clinical laboratory 
is published in this journal, usually in 

the April issue, as was the case in 1973 
[331. 

Standard Methods in Clinical Chemistry.c. 	 of 
years, the American Association

In recent 
published a periodicalClinical Chemists has 

Methods of Clinical
treatise entitled, Standard 

tend to follow 	 theThese volumesChemistry. 
older 	Organic Syntheses.of the muchtechnique 


A chemist submits what lie feels is a good method.
 
This method is then checked by two or more other 
clinical people. If found satisfactory, it is published. 

have been established for
Fhe following criteria 
choosing a "Standard Method:" 

(1) The method has been published previously. 
material.therefore is not presented as new 

offer 	 an unusually advan­(2) The method 	 may 
for determining 	 the un­tageous feature 

known. such as 	 the Berthelot reaction for 
i the analysis of ureaammonia used 

nitrouen. 
(3) 	The method is "sound." has stood the test of 

time." and is "widely used." 
by over­

(4) The method 	 improves another one 
and by in­coming objectionable features 

creasing desirable qualities such as 

sensitivity, precision, and reliability. 
ofmethod p~romotes the accuracy(5) Theanalysis, e.g.. by introducing a more nearly 

pure standard. 

7. Reference Methods. 

NBS offers a number of SRM's for use in the steel 
industry, which are usually in such a form that they 
can be used side by side with the steels being 
analyzed. In clinical chemistry this is not the case. 
The NBS clinical SRM's are pure materials, whereas 
in the clinical laboratory the substances being ana. 
lyzed are usually in a complex matrix such as serum, 
urine, or other body fluid. 

The present state-of-the-art has not developed 
sufficiently to enable NBS to issue an SRM in which 

is incorporateda clinically important component 
into serum. Thus, accurate methods are necessary 

that will give equall, accurate results for a given 

component regardless of whether that component 

is in the pure form or in serum. The need for such 
has lead to the development ofaccurate methods 

reference methods. 
method is defined as a method ofA reference 

know-i and proven accuracy, that is. the principal 
measurementsystematic errors or biases of the 


process have been found, mechanisms elucidated,
 
or reduced to tolerableand these errors eliniminatd, 

when 	 actual physical elimination is im­levels, or 
[341. 	 A referencepossible, a correction applied 

method is not necessarily a legally imposed, a pre­
is not neces­ferred, or a qualification method. It 

sarily an easily used method, indeed, it may be 

quite possible that relatively few scientists will be 
referencecapable of using 	it. The real value of a 

method is its use in evaluating the more commonly 

used daily routine methods. 
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One reference method, Calcium in Serum [34], Committee of the American Association of Clinical 
is an atomic absorption spectrometry analysis based Chemists is engaged in development of SRM's, 
on the method published by Pybus, Feldman, and the studies of control materials, and education of 
Bowers [351. This method was carefully worked clinical personnel. The group is divided into several 
through several interlaboratory comparison exer- subcommittees including, e.g., Organic Standards, 
cises; the results were evaluated after each exercise Spectrophotometry Standards, Protein Standards, 
and the procedure was changed as necessary. Inorganic Standards, and Enzymes. The National 
Fortunately, an absolute value for calcium in serum Committee for Clinical Laboratory Standards con­
could be obtained by the extremely accurate isotope- sists of representatives of professional societies, 
dilution mass-spectrometric method. After five clinical laboratory supplies manufacturers, and 
exercises, it was felt that the state-of-the-art had government. Its goal is a series of standard spec­
been reached. The reference method for calcium ifications and methods in areas of clinical chemistry, 
is estimated to give a value for calcium that is hematology, instrumentation, and microbiology. 
within ±2 percent of the "true value." Additional activities are underway at the State 

Over the next few years a number of other refer- level in many places. As the importance of accuracy 
ence methods will be developed to bring greater in clinical chemistry is generally recognized, the 
accuracy to clinical chemistry. work of these various standardization activities 

will assume added importance. 

8. StandardizationActivities. 

A quality control system is essentially an intelli­
gence or surveillance operation. It yields information 
that can hr- used to bring about remedial action and 
initiate a search for sources of error. A complete 
system of quality surveillance includes two aspects. 
The first is the toeasurement of internal precision 
or reproducibility and is concerned with internal 
comparability. The second is an estimate of com-
parability with other laboratories. One way to 
accomplish this inter-laboratory comparability is 
by the exchange of stable reference samples. 

Proficiency Testing is a special type of external 
surveillance of the laboratory. It is, usually limited 
in scope, intermittent, and relatively slow in re-
sponse. It is a method by which a large number of 
laboratories may be intercotnpared. but it should 
not be regarded as a substitute for internal qualitycontrol [36]. contol [61.1973). 

Quality control systems involve the distribution of 
samples to the participating laboratories. A goal for 
precision and accuracy may or may not be estab-
lished for a given exercise. The distributed samples 
are analyzed by the participating laboratories, the 
data returned to the evaluating group and statis-
tically analyzed. Each laboratory is evaluated and, 
if appropriate, rated n its relative attainment of 
the predetermined goal. If necessary, remedial and 
improvement measures are suggested. 

At present there are two major interlaboratory
quality control operations in the United States. 

Since 1949, the Standards Committee of the College 
of American Pathologists has maintained this 
service for its members. More recently, as a result 
of the Medicare Act, the Center for Disease Control 
has established a "Proficiency Testing" program to 
evaluate clinical laboratories operating in interstate 
commerce and/or under the Medicare Program.

In addition to the above, two major activities are 

directed toward standardization of materials, re-
agents, apparatus, and methods. The Standards 
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Appendix A. List of NBS Publications in the Standard Reference Materials 
"260" Series 

NBS Spec. Publ. 260, Standard Reference Materials: 
1973 Catalog, April 1973, $1.25.* 

NBS Misc. Pub]. 260-1, Standard Reference Mate-
rials: Preparation of NBS White Cast Iron 
Spectrochemical Standards, June 1964, NTIS 
No. COM 74-11061, Springfield, Va. 22151.** 

NBS Misc. Publ. 260-2, Standard Reference Mate-
rials: Preparation of NBS Copper-Base Spectro-
chemical Standards, October 1964, NTIS No. 
COM 74-11063. Springfield, Va. 22151**. 

NBS Misc. Pub]. 260-3, Standard Reference Mate-
rials: Metallographic Characterization of an NBS 
Spectrometric Low-Alloy Steel Standard, October 
1964, NTIS No. COM 74-11060, Springfield, Va. 
22151.** 

NBS Misc. Publ. 260-4, Standard Reference Mate-
rials: Sources of Information on Standard Refer-
ence Materials, February 1965, NTIS No. COM 
74-11059, Springfield, Va. 22151.** 

NBS Misc. Publ. 260-5, Standard Reference Mate-
rials: Accuracy of Solution X-Ray Spectrometric 
Analysis of Copper-Base Alloys, March 1965. 
(Out of print). 

NBS Misc. Publ. 260-6, Standard Reference Mate-
rials: Methods for the Chemical Analysis of 
White Cast Iron Standards, July 1965. 

NBS Misc. Publ. 260-7, Standard Reference Mate-
rials: Methods for the Chemical Analysis of NBS 
Copper-Base Spectrochemical Standards, October 
1965, NTIS No. COM 74-11067, Springfield, Va. 
22151.** 

NBS Misc. lPubl. 260-8, Standard Reference Mate-
rials: Analysis of Uranium Concentrates at the 
National Bureau of Standards, December 1965, 
NTIS No. COM 74-11066, Springfield, Va. 
22151.** 

NBS Misc. Publ. 260-9, Standard Reference Mate-
rials: Half Lives of Materials Used in the Prepara-
tion of Standard Reference Materials of Nineteen 
Radioactive Nuclides Issued by the National 
Bureau of Standards, November 1965, NTIS No. 
COM 74-11065, Springfield, Va. 22151.** 

NBS Misc. Publ. 260-10, Standard Reference Mate-
rials: Homogeneity Characterization on NBS 
Spectrometric Standards II: Cartridge Brass and 
Low-Alloy Steel, December 1965, NTIS No. 
COM 74-11064, Springfield, Va. 22151.** 

NBS Misc. IPubl. 260-11, Standard Reference Mate-
rials: Viscosity of a Standard Lead-Silica Glass, 
November 1966. 25 cents.* 

NBS Misc. Publ.260-12, Standard Reference Mate-
rials: Homogeneity Characterization of NBS 
Spectrometric Standards III: White Cast Iron and 
Stainless Steel Powder Compact. September 
1966. 20 cents.* 

NBS Misc. Publ. 260-13, Standard Reference Mate­
rials: Mossbauer Spectroscopy Standard for the 
Chemical Shift of Iron Compounds, July 1967. 
40 cents.* 

NBS Misc. Publ.260-14, Standard Reference Mate­
rials: Determination of Oxygen in Ferrous Mate­
rials-SRM 1090, 1091, and 1092, September 
1966. 30 cents.* 

NBS Misc. Pubi. 260-15, Standard Reference 
Materials: Recommended Method of Use of 
Standard Light-Sensitive Paper for Calibrat­
ing Carbon Arcs Used in Testing Textiles for 
Colorfastness to Light, June 1967. Superseded by 
SP260-41. 

NBS Spec. Publ. 260-16, Standard Reference 
Materials: Homogeneity Characterization of 
NBS Spectrometric Standards IV: Prepara­
tion and Microprobe Characterization of W-20% 
Mo Alloy Fabricated by Powder Metallurgical 
Methods,January 1969, NTIS No. COM 74-11062, 
Springfield, Va. 22151.** 

NBS Spec. Publ. 260-17, Standard Reference 
Materials: Boric Acid; Isotopic and Assay 
Standard Reference Materials, February 1970. 
65 cents.* 

NBS Spec. Publ. 260-18, Standard Reference 
Materials: Calibration of NBS Secondary Stand­
ard Magnetic Tape (Computer Amplitude 
Reference) Using the Reference Tape Amplitude 
Measurement "Process A," November 1969. 
Superseded by SP260-29. 

NBS" Spec. Publ. 260-19, Standard Reference 
Materials: Analysis of Interlaboratory Measure­
ments on the Vapor Pressure of Gold (Certifica­
tion of Standard Reference Material 745). 
January 1970. 30 cents.* 

NBS Spec. Publ. 260-21, Standard Reference 
Materials: Analysis of Interlaboratory Measure­
ments on the Vapor Pressures of Cadmium and 
Silver, January 1971. 35 cents.* 

NBS Spec. Pub]. 260-22, Standard Reference 
Materials: Homogeneity Characterization of4 

Fe-3Si Alloy, February 1971. 35 cents.* 
NBS Spec. Publ. 260-23, Standard Reference 

Materials: Viscosity of a Standard Borosilicate 
Glass, December 1970. 25 cents.* 

NBS Spec. Publ. 260-24, Standard Reference 
Materials: Comparison of Redox Standards, 
January 1972. $1.* 

NBS Spec. Pub]. 260-25, Standard Reference 
Materials: A Standard Reference Material 
Containing Nominally Four Percent Austenite, 
February 1971. 30 cents.* 

NBS Spec. Publ. 260-26, Standard Reference 
Materials: National Bureau of Standards­
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U.S. Steel Corporation Joint Program for Deter-
mining Oxygen and Nitrogen in Steel, February 
1971. 50 cents.* 

NBS Spec. Publ. 260-27, Standard Reference 
Materials: Uranium Isotopic Standard Reference 
Materials, April 1971. $1.25.* 

NBS Spec. Publ. 260-28, Standard Reference 
Materials: Preparation and Evaluation of SRM's 
481 and 482 Gol(Id-Silver an(l Gold-Copper Alloys 
for Microanalysis. August 1971, NTIS No. COM 
71-50365, Springfield, Va. 22151.** 

NBS Spec. Piibl. 260-29, Standard Reference 
Materials: Calibration of N13S Secondary Stand-
ard Magnetic Tape (Computer Amplitude 
Reference) Using the Reference Tape Amplitude 
Measurement "Process A-Model 2," June 1971. 
NTIS No. COM 71-50282, Springfield. Va. 
22151.** 

NBS Spec. Publ. 260-30, Standard ieference 
Materials: Standard Samples Issued in the 
USSR (A 'T'ranslation from the Russian), June 
1971, NTIS No. COM 71--50283, Springfield. 
Va. 22151.** 

NBS Soec. Publ. 260-31, Standard Reference 
Materials: Thermal Conductivity of Electrolytic 
Iron SRM 734 from 4 to 300 K. November 1971, 
NTIS No. COM 71-50563, Springfield. Va. 
22151.** 

NBS Spec. Publ.260-32, Standard Reference Mate-
rials: Standard Quartz ('avettes For High Ac-
curacy Spectrophotometry. December 1973. 55 
cents. * 

NBS Spec. Publ. 260-33, Standard Reference Mate-
rials: Comparison of Original and Supplemental 
SRM 705, Narrow Molecular Weight Distribution 
Polystyrene. I-.L. Wagner, May 1972, NTIS No. 
COM 72-50526, Springfield, Va. 22151.** 

NBS Spec. Publ.260-34, Standard Reference Mate-
rials: Thermoelectric Voltage, April 1972, NTIS 
No. COM 72-50371, Springfield, Va. 22151.** 

NBS Spec. Publ. 260-35, Standaid Reference Mate-
rials: Thermal Conductivity of Austenitic Stain-
less Steel, SRM 735 from 5 to 280 K, April 1972. 
35 cents.* 

NBS 	Spec. Publ.260-36, Standard Reference Mate-
rials: A Referee Method for the Determination of 
Calcium in Serum . SRM.915, M ay 1972, NTIS 
No. COM 72-50527, Springfield, Va. 22151.* + 

NBS Spec. Publ. 260-37. Standard Reference Mate­
rials: Methods of Analysis of NBS Clay Standards, 
June 1972, NTIS No. COM 72-50692, Springfield, 
Va. 22151.*" 

NBS Spec. Publ. 260-38, Standard Reference Mate­
rials: Preparation and Calibration of Standards 
of Spectral Specular lReflectav -_. May 1972. 
60 cents." 

NBS Spec. Puhl. 260-39. Stan,lard Reference Mate­
rials: 'he Eddy Current l)ecay Method for 
Resist ivity Charaterization of Iligh-IPority Metals. 
May 1972. 55 cents.' 

N1BS Spe. Publ. 260-40. Standard Reference Mate­
ria)s: Sehction of'l'herial Analysis Temnlerature 
Standards Through a Cooperative Stuly (SlIM 
758. 759. 760) August 1972. 65 cents.* 

N13S Spec. Publ. 260-41. Standard lReference Mate­
rials: Use (if Stanlard Light-Sensitive, Paper for 
Calibrating Carbon Arcs used in TestingTextiles 
for Colorfastness to liglht. Augmist 1972. NTl'IS No. 
COM 72-50775. Springfield. Va. 22151.' 

N13S Spec. Publ. 260-12. Standard Reference Mate­
m1,ils: The Characterization of' L.inear Poly­
ethylene, SRM 1,175. September 1972. 45 cents.* 

NBS Spec. Publ. 260-43. Stan(lard Rieference Mate­
rials: Preparation and Homogeneity Characteriza­
tion of an Austenitic Iron-CJhromium-Nickel Alloy. 
November 1972. 45 cents.* 

NBS Spec. Publ. 260-44. Standar'd Reference Mate­
rials: Preparation and Use of Superconductive 
Fixed Point Devices, SRM 767. December 1972. 
75 cents.* 

NBS Spec. lPubl. 260-45. Standard Reference Mate­
rials: Powdered l.ea-Based Paint. SRM 1579. 
March 1973. 50 cents.* 

NBS Spec. Publ. 260-47. Standard ieference Mate­
rials: Electrical Resistivity of lictrolytic Iron. 
SRM 797, and Austenitic Stainless Steel, SlIM 
798. from 5 to 280 K. February 1974. 55 cents.* 

NBS 	Spec. Publ. 260-48. Standard Reference Mate­
rials: Description and Use of Precision Ther­
mometers for the Clinical Laborat!iry. SlUM 933 
and SRM 934, May 1974. 60 cents.* 

Tij. , ,, mi l,. s. tS,rn,...., ,.f........ 

I'rinting Offic, I.C.2(412. ..... f,,r,ign nniiries'Wa.hingt,m, ihnmilti fr.mn in,,uld
 

in.uidn an...iflinnal f,,,lin rra-,, rinefir
n.... of ,ii, , i , tag.. 

22151. ,rdlr in: Ninini Tnrhnitl infniniin ii.i NTi, 
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Appendix B. Certificate of Analysis, Standard Reference Material 8j, 
Bessemer Steel 

Yat ionad "I'ureanof $tandardo 

gertificati of 
Standard Reference Material 8j 

Bessemer Steel (Simulated), 0.1% Carbon 

C MI S Si Ci Cr V Mof 

- . C 
C.0 

0,081. 0 {.()l 0.077 .()59 0.11 t 0.0159 0.037(1.505 b 
d 0.02'" 


k-9 .060,' 

I. .ok .
Io)" i ..._+~ o L.. i .%)4 )-

082.5 .,)h . .06d0| 1 .4 .0......0I.! 

A 0.L05 --- ..... .... . _-----­0e1ag8 ,0.089 _- O I ._ 

.v0rage . ..0.095 0.0_ 0. 7 .o, 0.030 

l.g iqr acrrcirator. lWate.ratopc, tiji-c)ati| co, -' lkdi.iol-ir ! San". ahp- obtAir-Ik)ulali, mt |}.].I|)lineft it itrationl. n ,ri 

SI-gs.inplr to nd arOx tyat 11.(25 and ulfur i iin r;t:intrvide $Iiohloletrr Ioetli(A.
dioxideab,.0teu in st hrl.ioide alhtio. Iodine h:r % m.ir a torpih, rotnIt' . 

ated froth iodide b) titration. doifin the co rinn, {ranrnnotnr - Mg2 '2 ( 7 

Doubledethyilh(t e i rai tri mnethr . 

hDiethyidithin..arnate lhionietn Tr.rlih . nrterrxyIils ufate rI idltioi ij NII4 XS04) 2 - KNnO4 

1{roimiun "etraratei froin, the nIlk Iftie iron inn. 10g titration 
nianpk byNaICi hvdrol). o with Ili'p)d,-

. .. . e 

i, idized l P'FCS(i,4NII 4 ), S1(11K n1(4 tilration.
 
rilfate, and titrale3 tiolctntiorcinrcally N.iti ferrou s riciti .
IKIl(4 1ihotolrr"u 

amtmoniurn milfat. 
 rSilicomolirti photometric ntliiol.
 
SVanalililill oxidized it 1 I hnln-ioiin ilr O 
 ithllr.- ydiou!tate aid titrated 
titrated with an niirniiinn l ni- innonio 

niaraird as in (f). n-it i nd di d 
potentiooine rCally frilir, - 5 ri ni frioli mutate. 

4) 2"fate. K%nO4"K N(2'f rca : NII2( 4N)

The material for Hite prlparattionO thllhis.tattartl walispritireidlA iheCarpenter Technologpy 
Corporation, Rcadittg, lttsvcn inia. 

Tie overall dircetioi and ntoorditatiot of th tecltnical ni(asotrttnitls litling to cevrtification
 
were perfortcd untler Ithtitairtnatlthbip of 0. Mcnis aitd J. 1. Shltlz.
 

The technical and supltort .sptets involved inthe preparation, certification, inti isi:anee of this
 
Standard Ileferetin' Materal were cordinated thro gh the Office of Standard Reference Matcrials
 
by I. E. Michaelis.
 

Washington, I.C. 20234 I. "ul Cali, Chief
 
April I), 1972 (ffice of Standard Referencc Materials
 

List of Analysts 

1. S. A. Wicks, It. K. Bell, and E. It. )eardorff, Analytical Chemistry Division, institute for 

Materials Rescarch, National Bureau of Standards. 

Steel Conmpany, East Chicago, Itdiana.2. R.W. Blev,Inlanld 

3. t. II. Rouse, licthlelhm Steel Corporation, Sparrows Point, Maryland. 

4. F. P. Valente, U. S. Army Materials aniMechanics Research Center, Watertown, Massachusetts. 
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Appendix C. Summary of Compositions, 1200 Series
 
Iron and Steel Standards
 

NBS No. 	 1261 1262 1263 1264 1265
 

Element 	 Percent, by weight
 

0 87

C 0.382 0.160 0.62 . 0 0.0067
 
Mn .66 1.04 1.50 .255 .0057
 
P 	 .015 0.042 .02 01 .0025
 
S .017 .038 .009 :028 .0059
 
Si 
 .223 .39 .74 .067 .0080
 

CU .042 .50 .098 .249 0059
 
Ni 1.99 .j9 32 .149 .041
 
Cr 0.69 .30 1.31 .06s 007
 
V 	 .011 .041 0.31 .105 .0001
 
Mo 	 .19 .068 .030 .49 .0050
 

/

(1.30004)2
.04 .10 


Co .030 .30 .04 .15 007
 
Ti .020 .084 .050 .24 .0008
 
As 


W 	 .015 .21 


.017 .09 .010 .05 002)
 
Sn .011 .01 (.095) 1.30?] (,.0002)
 

.021 .095 .24 (.008) (.0007)
 
Nb .022 .29 .049 .157 (<.00001)
 
Al (Total) 


(.053) .11 -(<.00005) :"
 
Ta 	 .020 20 


+ 

B 	 .0005 .0025 .00091 .011 .00013
 x
 
Pb 	 .000025 .00043 .0022 .024 .000015


Zr .009 .19 .049 .068 -(<.00001)
 
Sb .0042 .012 .0016 (.035) -(<.00005)
 
Bi .0004 (.002) (.0008) (.0009) -(<.00001)
 
Ag .0004 (.0010) (.0038) (.00002) (.000002)
 
Au 	 (<.00005) (<.0005) .0005 .0001 -(<.000002)
 

Ca (<.0001) (.0002) (<.0001) (<.0001) -(<.00001)
 
Mg (.0001) (.0006) (.9005) (.0001) -(<.00002)
 
Se .004 [.001] 1.0001] (.1)003] -(-.00001)
 
Te .0006 (.0005) (.0022) [.0002] -(<.00001)


x
 
Zn 	 (.0001) (.0005) (.0004) [.001] (<.,)001)
 

.0013 (.0011) (.0016) (.00025) -,<.000005)
 

La .0004 

Ce 


.0004 .0006 .00007 -(<.000005)
 

Nd .0003 (.0005) (.0007) (.00012) -(<.000005)
 
Pr (.00014) (.00012) (.00018) (.30003) -(<.000005)
 

Hf 
 (.0002] 1.0061 [.0015] (.005] -(<.00002)
 

N (.0037), t.o041), (.0041), 1.003] % (.0011),
 

O (.0009), (.0011), (.0007), [.0017), (%.0063),
 

H [<.0005] [<.0005] [<.0005] [<.0005] (%.0001)
 

Ge 1.006] 1.002) [.010] [. 031 (.0014)
 

Fe (by diff.) (95.6) (95.3) (94.4) (96.7) (99.9)
 

' From gasometric certificates, SRM':; 1095 through 1099 
+ Isotopic dilution mass spectrometry - 0.00265; nuclear track - 0.00234 

x Revised final value 
a/ Values in parentheses are not proposed for certification. These values usually wer obtained by a 

single analytical method of analysis. 
1/ Values in brackets also are not proposed for certification. They are nominal or approximate values 

from the heat analyses. 
c/ Dash indicates "not detected." Values in parentheses following the dash are conservotive "upper
 

limits" of detection by specific methods of analysis.
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Appendix D. Primary, Working, and Secondary Standard Chemicals
 

Available from the National Bureau of Standards
 

Certified Use Purity
SRM Type 

(a)Polarimetric Value17 Sucrose 99.95Reductometric Value 


41a Dextrose w;-Glucose) Reductonetric Value

40h Sodium Oxalate (1,)

99.99Reductometric Value83c Arsenic trioxide 99.99Acidimetric Value84h Acide potassium phthalate 99.98Oxidinitric Value136c Potassium diclhromate 99.98Acidimetric Vahu350 Benzoic Acid 99.97Basimetric Val'e723 TI'ris(liydroxyoiethyl)aminflmethlane 
944 Plutonium Sulfate Tetrahydrate Assay 100 

99.99Assay 
Uranium Oxide Standard Value 99.94949d Plutonium Metal 

950a Uranium oxide (U.(Os) 
Acid imetric and Boron Isotopic Value 100.00

951 Boric Acid 99.975Assay 
Assay and Isotopic

960 Uranium Metal 99.90
984 Rubidium Chloride 

Assay and Isotopic 99.98
987 Strontium Carbonate 

Assay and Isotopic 99.9988 Strontiumn-84 Spike 
99.98 

999 Ptassium 99.99
Assay Standard for hoidm 

999 Lotassium Chloride 

4 Sucrose- Moisture < 0.01 percent, Reducing Substances < 0.02 percent. Ash 0.003 percent. 
bDextrose-Moisture < 0.2 percent, Ash < 0.0 1 percent. 
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Appendix E, Special Nuclear StandardReference Materials Available from the, 

National Bureau of Standards 

Number Description Certified for 

Uranium oxide content 99.94%a950a Uranium oxide 
a960 Uranium metal Uranium content 99.975% 

949d Plutonium metal Plutonium content 99.99% 
944 Plutonium sulfate Plutonium content 47.50% 

tetrahydrate 
945 Plutonium metal Trace elements 

matrix 

blsotopic Abundance (Atom Percent) 

238pu1 239p u 240pt 241pu, 242pu 

946 Plutonium sulfate 0.247 83.128 12.069 3.991 0.565
 
tetrahydrate
 

4.540 1.18047 Plutonium sulfate 0.296 75.696 18.288 
tetrahydrate 

948 Plutonium sulfate 0.011 91.574 7.914 0.468 0.0330 
tetrahydrate 

Isotopic Abundance (Atom Percent) 

23 6 U 238U234U 2 3 5 U 

U-0002 U30 8 DepIcted 0.00016 0.01755 <0.00001 99.9823
 
U-005 U30 8 Depicted .00218 .4895 .00466 99.504
 
U-010 U30 8 Enriched .00541 1.0037 .00681 98.984
 
U.015 U30 8 Enriched .00850 1.5323 .0164 98.443
 
U-020 U30 Enriched .0125 2.0311 .0165 97.933
 

U-030 U3 0 8 Enriched .0190 3.046 .0204 96.915 
.0480 94.915U-050 U3 0 8 Enriched .0279 5.01f, 


U-100 U3 0 8 Enriched .0676 10.190 .0379 89.704
 
U-150 U30 8 Enriched .0993 15.307 .0660 84.528
 

U-200 U30 8 Enriched .1246 20.013 .2116 79.651
 

U-350 U30 8 Enriched .2498 35.190 .1673 64.393
 
U-500 U3 0 Enriched .5181 49.696 .0755 49.711
 
U-750 U3 0 8 Enriched .5923 75.357 .2499 23.801
 

U-800 U3 0 8 Enriched .6563 80.279 .2445 18.820
 
U-850 U3 0 8 Enriched .6437 85.137 .3704 13.848
 

U-900 U3 0 8 Enriched .7777 90.196 .3327 11.693
 
U-930 U3 0 8 Enriched 1.0812 93.336 .2027 5.380
 

.1491 0.5229U-970 U30 8 Enriched 1.6653 97.663 

a Available without license 

b Isotopic composition slowly changes due to radioactive decay. 
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from"Ithe NationalApiendix*F,.- Isotopic Reference Standards Available 

Bureau of Standards 

Element CertifiedSRM Isotopic Reference Standards 

Boron951 Boric Acid 
952 Boric Acid, 95% enriched 1°B Boron 

Chlorine975 Sodium Chloride 
Copper976 Copper Metal 
Bromine977 Sodium Bromide 
Silver978 Silver Nitrate 
Chromium979 Chromium Nitrate 
Magnesium980 Magnesium Metal 


*981 Lead Metal, Natural 
 Lead 

*982 Lead Metal. Equal Atom (206/208) Lead 
*983 Lead Metal, Radiogenic (92%-206) Lead 

Rubidium984 Rubidium Chloride. assay and isotopic 
Strontium987 Strontium Carbonate, as.ay and isotopic

8 . Spiked, assay and isotopic Strontium988 Strontium­

*Sold as a set of three only; 981, 982, and 983. 

Appendix G. Summary of Composition for Portland Cements,
 
SRM's 633-639
 

638 639
SRM No. 633 634 635 636 637 


Constituent P-e-r-c-e-n-t by w-e-i-g-h-t 
4.5 4.33.74 5.2 6.2 3.1 3.3AI 2 0 3 

6 2
 . 65.8
CaO 64. 5 62.6 59.8 63.5 66.0 


MgO 1.04 3.4 1.25 4.0 0.72 3.84 1.29
 

0.31
0.17 0.21 0.25
0.24 0.30 0.32
TiO2 


23.1 21.4 21.6

SiO2 21.9 20.7 18.5 23.2 


7.0 2.3 :2.33 2"3,':: 2.42.18 2.1
SO3 
0.17 0.09 0.251 0.06 0.080.24 0.10 

0.05 0.08
0.04 0.28 ,,0.09 ,0.12 0.06Mn2 0 3 

K20 0.165 0.43 0.45 0.57 0.24' 0.59 0.05
 

Na20 0.64 0.14 0.07 0.10 0.13 0.12 0.65
 

0.10 0.07 0.15

SrO 0.31 0.12 0.22 0.04 


3.58' 2.42
4.2 2.87 2.65 1.62 1.81
Fe203 


Loss on
 
1.68 0.9 1.0
Ignition 0.75 1.61 3.25 1.16 
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Appendix H. Certificate, Standard Reference Material 932, 
Quartz Cuvette for Spectrophotonietry 

National Iureau of *tandards 
(!lertifirate 

Standard Reference Material 932 
Quartz Cuvette for Spectrophotometry 

R. Mavrodincanu and J. W.Lazar 

This Standard Reference Material consists of a single, accurately calibrated cuvette that is issued 
for use in the production of accurate spectrophotometric data on liquids. The design and dimen­
sions of the all-quartz cuvette are shown in Figure 1.The pathlength of the cuvette is defined by the 
distances between the two optically transparent windows taken at several heights within the 
cuvette. Cuvettes issued as Standard Reference Material 932 range in pathlength betwcen 9.97 an(d 
10.03 mm. The inner surfaces of the windows are parallel within 0.002 mam. Thc pathlength and 
parallelism are certified with an uncertainty of ±0.0005 min as determined by mea. reninls (at 20 
C) taken at each 4 mm of height at positions within the cell from 2 mm of the bottom to within 6 

mm of the window top. 

Cuvette number 46 is issued with this certificate. For this cuvette the following measurements 
were obtained. 

Height
mm (approx.) 

Pathlength
mm 

37 (Top) 9.9946 
33 9.9938 
29 9.9938 
25 9.9942 
21 9.9946 
18 9.9954 
14 9.9958 
10 9.9963 
6 9.9963 
2 (Bottom) 9.9967 

The cuvette must be handled with great care and should be held only by the frosted-quartz side 
windows. When not in use. it should be stored in the container provided for this purpose. Extended 
exposure to laboratory atmosphere and dusty surroundings is to be avoided. 

Washington, D. C. 20234 J. Paul Cali, Chief 
November 5, 1973 Office of Standard Reference Materials 
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Appendix H. Certificate, Standard Reference Material 932, 

Quartz Cuvette for Spectrophotometry- Continued 

Bureau of Standards using snecial
The cuvette was designed and produced at the National 

techniques and non-fluorcsccnt optical-quality fused silica. The transparent windows are attacled to 

the body of the cuvette by direct fusion, and the unit was strcss-released by annealing. The overall 
nm llg line), and each 

flatness of each surface of a transparent window is within two fringes (546 
one micrometer. The radiation pathlength mcasiremcents of 

window's surfaces are parallel within 
the cuvette were performed using electronic feeler-gauge type instruments capable of a resolution of 

5 parts in 106. The development and production of SRM 932 is a result of the combined efforts of 
Research, the Optical Physics

the Analytical Chemistry Division of the Institute for Materials 

Division of the Institute for Basic Standards, and the Instrument Shops Division. 

E. P. Muth and E.1.Klein designed and assembled the cuvette, respectively, and the actual 

radiation pathlength measurements wcre performed by E.G.Erbcr. 

The overall direction and coordination of the technical measurements leading to certification 

were performed tinder the chairmanship of 0. Menis and J.A. Simpson. 

The technical and support aspects involved in the preparation, certification and issuance of this 

Standard Reference Material were coordinated through the Office of Standard Reference Materials 

by T. W.Mears. 
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Appendix I. Certificate, Standard Reference Material 930a, 
Glass Filters for Spectroplhotometry 

Na~tional Pureatu of tandards
 
Qzertificate
 

Standard Reference Material 930a
 
Glass Filters for Spectrophotometry 

It. Nlavrodinearmi anlIJ. HI.Baldwirn 

This Standard leferenve Material is'intenihd a,a ici're'ije s,ir'' i'r Ih' ialibratioi (if tite" 

photometrie scale of spi'etrojhlih nith'rs. It'oniisists of'three iiidviiial filler.-. I:ah filter hiears ai 
identification number, and the upper left curilir lia, lice 
metal holder. 

rcm0%i'vito indicate 'orrect pilaing in tlw 

..I M~1Ii 1..\\;",( 'I'll, \ \.g %IITTkN CI"F (','I' 

F~ilter anid .St\cv'lllh;ll IH 

hhvilificalion 

la- \; .,wh rd(;m p .-

Ntumber .110.0 
(2.2) 

.105.0 
(2.7) 

590.0 
(5.1) 

(35.0 

(6.0) 
-1.1.t 
(2.2) 

105.0 
(2.7) 

59.0).t 
(5.1) 

635 . 0 
(6.0) 

1-179 1.027 0.954 1.052 1.003 9.39 11.11 8.87 9.94
 

2-179 0.770 0.716 0.788 0.752 16.98 19.24 16.29 17.71
 

3-179 0.511 0.4661 0.514 0.501 30.84 34.19 30.60 31.56
 

irecerlifie l with a relatki' unc'erlaiit v i of ±0.5 ivrieent (examIpile: 
sum of tii random error 

'Thetransmittmce %ahlies given 
a nominal value of ab.sorbanc, :,i0.500 ± 0.0022). This mii'rlainlv is Ihe 

of ± 0.1 livire'il (2SI) limil) and of istiuteid liuses which are ± (1.4 p''en'- 1.'lievse biases are dle to 

possible svst'matic errors. MNeasirenwiiits were made at 25 o(. Ioom Ieiperatir' variations within 

olfthis hempirathr' will mt signifii'antly affecl the 'alibratiin ot' these 
scweral degrees Celsius 
filters. 

ed es and witli soft plastic (poly-It is reommendeil that the filters Iv handhld onIlylil' he 
shoul lv stor'd ii thleir holiers andethylene) gloves and opilieal hiis lis e. Whinlotliil iise tiy 

in (hle box irovihd fir Ihis jilrpios'. I'xlnded exrpostinf' to aiboritry atuliiaisltiii're tinhty Sll. 

rotnlings shoiuld lie avoided. 

Tll(- overall dire 'lin aiid iiordinalion of the technical measurcnients leading to certification 

were performed iider ti' cliairmanislipi 0f.Menis and ,I.1. Shiullz. 

The technical aid su iiport aslils involved i Ilie lherepalion, certification, and issuance of Iliis 

Standard Rliefernie Matirial were coordinated Ihrougiih thieOffice of Stanldard Reference Materials 
by '. W. Mears. 

Washilglto, I).C. 20234 J. Paul Call, Chief 

May 15, 1973 Office of Standard Reference Materials 
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Appendix I. Certificate, Standard Reference Material 930a,
 
Glass Filters for Spectrophotoinetry-Continued
 

ent s w(4re- mad(e with the high-aectiracy sle trol)lhot et er designe d 
and constri-iclt'i at Itl Nationial Bureau of Standards I I 'l'lh, accuracy of this instimerit was 
established by liit-addilioi measurements. 

The tranismiiani'e neas ri ni mii( 

'The riinral NG-.4 aid N(;-5 glasses for the filters werv provided by Schott of Mainz, Germany, 
and ar, de'signated as ".b'ria Colored and Filler Glass." Nominal transinittance for a filter 1.5 mm 
thick is 20 percent at -100.0 row wav'el('ngth and 32 percent at 700.0 nm wavelenglh. Betweeln these 
limits Ii transmit tain'c varies in a monotonic manner 21. 

TI filter holder is blacl anodized aluminum alloy and has tie following niominal dimrnsions: 
height: 57 Ini, width. '3 n111n, i 1-I'tl: 13 mn1.This holder and the' size and shapn' of the filters were 
si'clte.1 to comnform to tO' dimensions of the sample corml)artm 'nt of most conventional spectro­
photometers. '['hte filters are aplroiah'ly 30.5 mill nug. I I mire wide, and 2.0 mm and 1.5 mn 
thick for tic NG-t. glass and 1.- min thick for tih N(;.5 glass. Corresponding to these thicknesses 
are nominal transilitnim'os of 10, 20. amd 30 perceint. respeclively. ''hlese tlikiesv. were se{let('ed 
ito 4)rovidh a imca is for calibralatig the phIotnoinritr scale al three different levels.' e exposed 
surface of the glass fil ir Is approximmately 29) mIn, by t minl, starting from a distance of 1.5 min 
from the filler holder bast- (see figure). 

The transtmittance of filters d ,lpends on the irtiriuisic prolprie.s of tih material. Spectral band-

PlIss, waveh'ingth 12,3.5 1. gometry of the optical beam. stirfae conditions. alld po-iioiing of the 
filter alst aice!flt Ih tarisillianm'e' Natiies, and call lad to firtlhr biaws.. ''w vertified dala will be 
relurodnccl whe1,n tranwnitancvn' asuremvents are math' iuuter similar conditions. Tie effective 
spiectral barupasses i.sld (iitoh'l'riiiiie the ti'rtifiid valui.s are givw othe face of the certifiale and 
li tranmsmiltaict' ii eatirvniwnts are made bN produicing tie( vertical image of the slit (about 8 min 
Ibv (.5 min), tilsing a omier-eiit bIain g'o-illill'r with an openling o)I" f:10. ill w middle' of th 
(entracne facii' of li' gla.s fitltr. ('l'lTe filter should Iw positioneidl in ihvl spec!roliphotomletr as shown 
in the figuire, to obtaii correct Nahlois.) 

Prior to Ithecertificalioii liliasir'ii'iis, vach filt'r was 'xainelll'lI for silrfact' di'fectk adli] then 
thoroughly cleauid. If. throllllh handlin, tw siirll'fa'e of the filter becomes contaniiiatel' with (lhii, 
itlaily I' h'eamiil with i small soft brush atlached to i ribler tite,connceil to a vamimi somiree 
12,41. If suijrfac :is with tlie be beforethle liomull' :'(Itamiinafl'd fiiigu'rprints, must elimiinatd 
making inilsu ilnents. 'This Ill.- be a'coiplished liv rellio'ig i the fiitr froim its holder, lirealliiig 

lightly oil it. aiid rubbing the surfac'il'Jill" with opltival hlis tisse.'l'hbe (lean filter is thnii ru'pla'vd 
in its lroll'r juosilil inl its holdler. To remiive and re-place she filter in flit' ital hiolhhr, tle. 
spirilug-loadehd plli' should he remiioled with care to hir4e'\iit mlamiag to li filler. As littleh laidling 
as iiissilih' is reconi nicicld. 

i he defiies only ()i(NOT'E: 'lh11 'hoCCl, ' Ithe. cialibration of piloni'tric scales of I' ie )araillitirs 
r((luirld for olitiiling accilratv trahismiillu' \alu.ivs aild molar asoirpl'tivsi . ()tlhr falcfors that 

\sa\'eIeuglilN liracy.also iiist lie 'slaulislild -iv taliglil, i'll paialillwtl'rs, flhlorl'esni'e. polariza­

tiol, reflection, aid h'lil'ratiire' co fficient. Souile of these varial,hevs arc di.ciisstd il NHS pilllica­
lions 11.2,51 . It i 1 lamilicd o sininiarize variotis a }is'ets of a'ciurati' spleroihllincl'ic irileasiir'­

imierils iniiai NIIS-2fi0 Sliecial iildi'atioi that woli lii)\ ide additional ihla (iii spc''ific Slanilard 
R(,ferecie Materials. Iliflil' inh'rin, S101 930a, shoiihl be i. l'l sI descrilei in te 'crtificate. 
Consilt tIh'iianifacltiirer (f I' instriuicnt if diff'r'ii 'v's are ohlairied that exceed thios' s1 em'ifie 
by II ailifahirer. 

Wev wish to ack Iulldle tIhe citopratihn of George N. Bowers, jr., M.)., of hartford losl)ital, 
Ihartford, Co neclicul: I vden N. ]tand, Ph.l)., of lhe Ihospital of the Iniversity of Pennsyivania, 
Plhiilahlpllil, Pimnosy'lvania; allil Donald S. Yol, M.IB., Ph.)., of Ihe National Institutes of llealth, 
Blthisdla, ifary land. 
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Appendix I. Certificate, Standard Reference Material 930a,
 
Glass Filters for Spectrophotonietry-Continued
 

1. R.Mavrodineanu, An Accurate Swctroplotoniiiter for Measuring the Transmittane of Solid 
and Liquid Materials, NBS .journal of Research 76A, No. 5,405425 (1972). 

of Spctrophotometers, NIIS2. 	 R.Mavrodincanu, Solid Materials to Cheek the Photome'tric Scale 
and J. I. Shultz, vd., pp 6-17, U.S. ;ovrnmn t Printing Office,Tech. Note 5,4, 0. Menis 

1970), ibid NBS Tech. Note 584, pp. 2-21 (Decenber 1971).Washington, D.C. 20402 (Sept. 

3. 	 K. S. Gibson, Spectrophotometry. NHS Cire. 4114 (Sept. 1949). 

4. 	J. It. Edisbury, Practical IHints on Absorp;!ion Spcetrophotometry, Plenum Press, New York 

(1967). 

5. 	 Collected Papers from NBS Conference on Accuracy in Spectrophotometry and Luminescence 

Measurements, NBS Journal of Research 76A, No. 5, 375-510 (1972). 

METAL HOLDER FOR THE COLORED GLASS FILTERS 

FRONT TOP
 
.METAL HOLDER 
57 X 13 X 13 

I -EXPOSED FILTER St 
I 29X 8 

I COLORED GLASS F 

I 30.5 X 11X 2.0 tsr1 
...BASE 

--I.5
 

DIMENSIONS IN iEMIII 

A);
 



Appendix J. Certificate, StandardReference Material 931, Liquid Absorbance 

Standards for Ultraviolet and Visible Spectrophotometry 

Na~tionalI Pureatu of tandardei 
( ertificate 

Standard Reference Material 931 

Liquid Absorbance Standards for 

Ultraviolet and Visible Spectrophotometry 

R. W.Burke and E. R. Deardorff 

These liquid filters are intended as reference solutions for checking the accuracy of the 
photometric scale of narrow bandpass spectrophotometers. They are applicable for calibrating those 
instruments that can provide an effective spectral bandpass of 1.5 nm or less at 302 nm, 2.0 nm or 
less at 395 nvi, 3.3 nm or less at 512 nm and 8.5 nm or less at 678 jim. 

a 
Net Absorbance 

Wavelcngth and (Bandpass), im 

Filter 302(1.0) 395(1.7) 512(2.0) 678(6.5) 

"A"-"Blank" 0.307±0.003 0.304±0.003 0.303±0.003 0.115±0.002 
"B"-"Blank"
"C"-"Blank" 

0.608±0.005 
0.906±0.007 

0.605±0.005 
0.907±0.007 

0.606±0.005 
0.911±0.007 

0.229±0.003 
0.345±0.003 

aNet absorbances ("A"-"Bhank," "B"-"Blank," and "C"-"Blank") were detenined using 10.00 numcuvettes at25.0 OC,see 
Instructions for Use. 

Absorbance measurements were performed on a high precision double-beam spectrophotom. 
eter equipped with a double monochromator. The accuracy of the photometric scale of this 
instrument was established with the NBS high-accuracy spectrophotometer described by R. 
Mavrodineanu [11. The uncertainties of the certified values are twice the standard deviation, 
commonly referred to as the "95 percent confidence level." 

These filters are certified for absorbance at 25.0 'C. Absorbances at other temperatures in the 
range 17 to 37 °C may be calculated using the formula on page 2. 

While no long-term stability studies have been performed on this particular: lot of filters, 
studies of similar preparations have indicated that these filters should be stable for at least one year. 

The overall direction and coordination of technical measurements leading to certification were 
performed under the chairmanship of 0. Menis and J.1.Shultz. 

The technical and support aspects involved in the preparation, certification, and issuance of 
this Standard Reference Material were coordinated through the Office of Standard Reference 
Materials by T. W.Mears. 

J. Paul Cali, ChiefWashington, D.C. 20234 
Office of Standard Reference MaterialsJanuary 17, 1972 
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Appendix J. Certificate, StandardReference Material 931, Liquid Absorbance 
Standards for Ultraviolet and Visible Spectrophotometry-Continued 

Absorbance at various temperatures (17 to 3.5 'C) 

At = A2 5[ I+CA (t-25)] 

where: 	 At = Absorbance at temperature t (0 C)
 
A2 5 =Absorbance certified at 25.0 'C
 
CA = Fractional change in absorbance per 0C
 

The values of CA, at the four wavelengths, are given below. [NOTE: At wavelength 302 nm, 
absorbance decreases .iii increasing temperature; at the other wavelengths, absorbance increases 
with increasing temperature. I 

Wavelength, nm CA 

302 -0.0014 
395 +0.0014 
512 +0.0018 
678 +0.0014 

Instructions for Use 

1. 	Select two clean 10.00 mm cuvettes free of scratches. At least one should be fitted with a 
ground glass or Teflon stopper to minimize evaporation. Reserve it for all sample measurements. 

2. 	 Mark each of the cuvettes to assure the same orientation in tile spectrophotometer. 

3. Place 	 the cuvettes in their respective holders and fill with distilled water. (Borosilicate 
Pasteur-type pipettes fitted with rubber bulbs are recommended for transferring all solutions to 
and from the cuvettes. Soft glass pipettes, which are available commercially, contain residual 
amounts of ultraviolet absorbing material, but may be used after proper cleanilug. Several rinses, 
first with isopropyl alcohol and then with distilled waler, are generally adequate.) 

4. 	Obtain the optical mismatch of the cuvettes at 302, 395, 512, and 678 ni, using the spectral 
bandpass limitations given on the face of the certificate. 

5. 	 Empty the cuvettes by suction without removing them from their holders, refill with distilled 

water and measure the aborbances again at each of the above wavelengths. 

6. 	 Repeat the emptying and refilling operation until constant absorbance readings are obtained. 

7. 	 Using the liquid filters provided, measure, in turn, the absorbances of the "Blank," "A ," "B," 
and "C" against distilled water. Shake cach ampoule before opening to remix any condensate 
which may have collected in the neck (the ampoules have beer presr.ored directly below the gold 
band to facilitate opening). 

8. 	Subtract the appropriate "Blank" readi,, from the absorbances obtained for "A," "13," and 
"C." These net absorbances should agrec with the certified values within the uncertainties 
specified. Consult the manufacturer oi the instrunient if they (do not. 

The absorbances of these fillers will depend not only on the accuracy of the photometric scale 
but also on the wavelength accuracy and the spectral bandpass. A mercujry lamp is recommended 
for checking the wavelength scale. In addition, for those spectrophotometers having a hydrogen (11) 
or deuterium (D) source, the two emission lines at 486.1 and 656.3 nm (11) or 486.0 and 656.1 nim 
(D) may provide a convenient check at these wavelengths. 
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Appendix J. Certificate, StandardReference Material:931, Liquid Absorbance
 
Standards'for Ultraviolet and Visible Spectrophotometry- Continued
 

To insure that the measured absorbances are not significantly different from the certified 
values, the following restrictions are placed on the size of the spectral bandpass selected: To obtain 
±0.1 percent of the true value, the effective spectral bandpass should not exceed 1.5, 2.0, 3.3, and 
8.5 nm at 302, 395, 512, and 678 nm, respectively. For ±0.2 percent, the respective bandpasses are 
2.2, 2.9, 4.8, and 12.3 nm. Additional information on the effect of spectral bandpass on the 
absorbances of these filters is given in the figure below. These curves are not to be used, however, to 
correct the measured absorbances. 

+2.00­
+1.0 
+1.0 

678 nm 
(
2 

-0.00 -

U 

U -2.00 -

C"-3.00 302nm 
Cn 

-4.00 

-5.00 
0 2 4 6 8 10 12 14 16 18 

EFFECTIVE SPECTRAL BANDPASS, nm 

Preparation of filters 

The filters were prepared by dissolving high purity cobalt and nickel in a mixture of nitric and 
perchloric acids. The absorption spectrum of the resulting solution is shown in figure above. The 
maxima at 302 and 512 nm are due to absorption by NO3 and Co(Ll20) , respectively.. The 
maximum at 395 nm and the plateau at 650-700 nin is due to Ni(H20)** . The pH of these filters is1.
about 

Reference 

Ill 	 R. Mavrodineanu, NBS Technical Note 584, 0. Menis and J. I. Shultz, ed., pp. 2-21, U.S. 
Government Printing Office, Washington, D.C. 20402 (Dec. 1971). 
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Appendix J. Certificate, Standard Reference Material 931, Liquid Absorbance 
Standards for Ultraviolet and Visible Spectrophotometry -Continued 

Absorbance at various temperatures (17 to 35 0C) 

At = A2 5[ I+CA (t-25)) 

where: 	 A t = Absorbance at temperature t (0 C)
 
A2 5 
=Absorbance certificd at 25.0 'C 

0CCA = Fractional change in absorbance pcr 

The values of CA, at the four wavelengths, are given below. [NOTE: At wavelength 302nm, 

absorbance decreases with increasing temperature; at the other wavelengths, absorbance increases 

with increasing temperature. I 

Wavelength, nm CA 

302 -0.0014 
395 +0.0014 
512 +0.0018 
678 +0.0014 

Instructions for Use 

a1. Select two clean 10.00 mm cuvettes free of scratches. At least one should be fitted with 

ground glass or Teflon stopper to minimize evaporation. Reserve it for all sample measurements. 

Mark each of the cuvettes to assure the same orientation in the spectrophotometer.2. 

3. 	 Place the cuvettes in their respective holders and fill with distilled water. (Borosilicate 
recommended for transferring all solutions toPasteur-type pipettes fitted with rubber bulbs are 

and from 	the cuvettes. Soft glass pipettes, which are available commercially, contain residual 

amounts of ultraviolet absorbing material, but may be used after proper cleaning. Several rinses, 

first with isopropyl alcohol and then with distilled water, are generally adequate.) 

4. 	Obtain the optical mismatch of the cuvettes at 302, 395, 512, and 678 rm, using the spectral 

bandpass limitations given on the frce of the certificate. 

5. 	Empty the cuvettes by suction without removing them from their holders, refill with distilled 

water and measure the absorbances again at each of the above wavelengths. 

6. 	Repeat the emptying and refilling operation until constant absorbance readings are obtained. 

Using the liquid filters pro%ided, measure, in turn, the absorbances of the "Blank," "A," "B,"7. 
to remix any condensateand "C" against distilled water. Shake each ampoule before opening 

may have collected in the neck (the ampoules have been prescored directly below the goldwhich 

band to facilitate opening).
 

"B," and
8. 	 Subtract the appropriate "Blank" reading from the absorbanct; obtained for "A," 

agree with the certified values within the uncertainties"C." These net absorbances should 

specified. Consult the manufacturer of the instrument if they do not.
 

.es of these filters will depend not only on the accuracy of the photometric scaleThe absorbar 
and the spectral bandpass. A mercury lamp is recommendedbut also on the wavelength accuracy 

for checking the wavelength scale. In addition, for those speetrophotometers having a hydrogen (H) 
or 486.0 and 656.1 nm or deuterium (D) source, the two emission lines at 486.1 and 656.3 nm (1l) 

(D) may provide a convenient check at these wavelengths. 
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Appendix K. Standard Reference Materials for pH
 
Available from the National Bureau of Siandards
 

pH(S) Wt/Unit
SRM Type (at 25 *C) (grains) 

lose Potassium lydrogen Plithalate 4.004 60 
1861c Pota! sium Dihydrogen Phosphate (6.863) 30 
186 1 Ic Disodium Hydrogen Phosphate (7.415) 30 
187b Borax 9.M83 30 
188 Potassium Hydrogen Tartrate 3.557 60 
189 Potassium Tetroxalate 1.679 65 
191 Sodium Bicarbonate 10.014 30 
192 Sodium Carbonate 30 
922 Tris(hydroxynethyl)aminomethane 7.699 25 
923 Trislhydroxyinethyl)aminonmthane Hydrochloride 35 

Appendix L. Ion-selective Electrode Standard Reference Materials Available 
from the National Bureau of Standards 

Activity 
SAM No. Name Molality A p(cation) p(anion) g/unit

Ion 

2201 Sodium Chloride 1.0 Nj 0.6956 0.157 125 
Cl- .620 0.208 

2202 Potassium Chloride 1.0 K+ .623 .206 160 
CI- .5116 .232 

2203 Potassium Fluoride 1.0 F- .647' .190 125 
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Appendix M. NBS-Clinical Standard Reference Materials 

SRM Type Purity (mol %) Unit 

91 1a Cholesterol 99.8 2g
912 Urea 99.7 25g 
913 Uric Acid 99.7 log
914 Creatinine 99.8 log 
915 Calcium Carbonate 99.9+ 20g 
916 Bilirubin 99.0 O.lg 
917 D-(;lucose 99.9 25g 
918 Potassium Chloride 99.9 30g 
919 Sodium Chloride 99.9 30g 
920 0-Mannitol 99.8 50g
921 (:irtisol 98.9 Ig 
922 Trisdlydroxyroetlyl)amioomethane 99.9 25g 
923 Tris(lydroxyrnetlyl)aninrnmethane IICI 99.7 35g 
924 l.ithium Carbonate 100.5 30g
925 VMA (4-hydroxy-3-metloxymanrdelie acid) 99.4 Ig 
926 Bovine-Serum Albumin powder IN PREPARATION 
927 Bovine-Serum Albumin (7%7solution) IN PREPARATION 
928 Lead Nitrate IN PREPARATION 
929 Magnesium (luconate IN PREPARATION 
930b (;Iass Fillers for Spectrphotonetry IN PREPARATION 
931a Liquid Filters for Spectrophloretry IN PREPARATION 
932 Quartz Cuvette for Spectrophotometry I each 
933 Clinical Labratory Thermometers Set of 3 
934 Clinical Laboratory Thermometer I each 

Appendix N. Priority of work on Clinical Standard Reference Materials 

[11 Primary proteir, standard (Bovine serum albumin). 1101 Toxicology standards- phenobarbital, pentobarbital, seco­
[21 Spectrophotometry liquids in UV-visible range. (Extension barbital, diphenylhydantoin.
 

of SRM 931 to 300 and 240 run.) [III Abuse drug standards - morphine, iotlhadone.
 
[31 Iligh-purity solid materials for spectrophotometry: 1121 Alcohol standlards. 

a. Potassium dichrornate; 1131 Nlagnesiuni salt. 
b. Potassium hydrogen phtialate. [141 L.ead in blood.
 

141Standard cuvette for spectroplotrmetry. [151 Saturated trigls('eride -trilinhitin.
 
151Cyanormetheniglbin-No SItNI planned. NUS will co- 1161 LV spectro, litonmlry glasses.
 

operate in verificalion of the international standard. 1171 ilunian albominr. 
[6] NADII (reduced-form of nicotinarnide adenine denucleotide). 1181 Temperature stanlardizatiom in the clinical laboratory.
 
[7) Sodium pyruvate. 1191 Pul,lications relating to techniques used in the clinical
 
[8( Spectrofluorimetry standard-Quinine sulfate. laboratory.
 
[91 Ionic activity standards: 1201 Stray light standard fir spectrophotometry.
 

a. p~l buffers in isotonic saline; 1211 Particle size standards.
' b. Ion-selective electrode standards Ca- CaC1s-211 20), 

F-(KF); 
c. pCOt and p0t. 
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