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(i) • 

 PREFACE 

These "Guide Lines" have been prepared in order to 
explain to the packaging industry what the effect will be 
upon filling practices and "target" weights or volumes Of 
the tolerances (or limits of error) and of the acceptance 
sampling plans established under  the  authority of the Weights 
and MeasureS Act or of the Consumer Packaging and Labelling 

Act. 

An attempt has also been made to make clear the 
principles upon which the acceptance plans have been based 

and the assumptions underlying the prescribing of the 

tolerances. It will be noted that the prescribed tolerances 
are to some extent arbitrary but it is believed that in 

general they are consistent with good packaging practice as 
it exists at the présent time. 

It is thought appropriate at this point to emphasize 
that if advances in tedhnology are such that the prescribed 

tolerances should have become unduly generous or if evidence 

is found that a packer is attempting to "exploit the toler-

ance" then the tables of tolerances may be reviewed. It 

should be noted that the Regulations can be amended by Order 
in Council, so that closer tolerances might be prescribed in 
future in order to eliminate what would be clearly an 

undesirable situation. 
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Guide Lines for Packers 
In Order to Meet 

The Net Contents Requirements of the Weights and Measures 
Act and of the Consumer Packaging and Labelling Act  

Introduction 

The regulations published under the *authority of the Weights 
and Measures Act (1971)  or of the.Consumer Packaging and Labelling 
Act (1971) will, by March 1976 at-the latest; effectively. control 

'nearly all* prepackaged Commodities in s6  .far às thè accUrady  of  
the déclaration of net' contents'  is concerned. The only  exceptions  

will be those commodities which are subject to the specific . 

requirements of other •ederal.legislation but where other legisla-. 

tion makes no reference to the acçuracy of declaration  of net 

contents, then the provisions of the Weights. and Measures Act or 

of the Consumer Packaging and Labèlling Act, as appropriate, will 

prevail. 	. 

For uniformity of inspection practices, the "tolerances" (as 

they are referred to in the Consumer Packaging and Labelling Act) 

will be the same as the "limits of error" prescribed in the Weights 
and Measures Regulations and the same "acceptance sampling plans" 
will be employed under , each Act. (For convenience of expression, 

we will hereinafter use the word . "tolerance" as synonymous with 
"limit of error".) 

The provisions relating to statements of quantity, limits.of 
.error, inspection and inspection by sample of commodities are 
outlined in Part II of the Weights and Measures Regulations; 

Schedule II gives tables.-for,limits of errorand'Schedule.III gives 
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tables for the sampling inspection of lots of pre-packaged 

commodities. (Similar provisions will appear in the Consumer 
Packaging and Labelling Regulations when they are finalized.) 

Reference should be made to these rêgulations for complete 

détails but for the purposes of this paper (which is primarily 

intended for the guidance cf  packers who generally declare net 

coritents in termS of weight or volume) we are reproducing Parts 

3, 4, 5 and 6 of Schedule II and Parts 1• and 2 of Schedule III 

from the Weights and Measures Regulations. 

• Many packers who pack on a large scale and who are experienced 

in the techniques of quality control will have no difficulty after 

studying the prescribed tolerances in calculating the "target 

value" for the net contents of any particular product line or 

commodity which they pack. By "target value" is meant the average 
net contents of the packages in any particular'lot which the 

packer must aim to achieve if he wishes to be reasonably sure that 

the lot will be considered acceptable when checked for the correct-

ness of the declaration of net contents by the .inspection staff of 

the Department of Consumer and Corporate AÈfairs. 

On the other hand there.are undoubtedly many packers operating 

on a relatively small.scale who would appreciate some guidance in. 

setting target values which would be such that the majority:of 

their lots of packages would-be . acceptable upon  inspection. - This - 

paper is intended principally for the guidance of , such packers and • 

it is hoped that they will find it.of some  assistance in 'côntrolling 
their production , 1ines-and in determining_to what extent they may be 
réquired to "over fill" in order,to.meet the.requirement of the  

Weights'and Measures Act and of the Consumer Packaging and Labelling.  
Act. 
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Tolerances - General Considerations  

• The setting of tolerances is to a large degree an arbitrary 

act, but one which to a very considerable extent must reflect the 
"state of the art" as it exists at a given time and which repre-

sents the practices of conscientious packers using reasonably 

môdern equipment. 

For these reasons,'the Department of Consumer and Corporate 

Affairs (hereinafter referred to as CCA), studied the tolerances 

employed in various countries, including the United States and 

certain of the countries of the European Common Market which 

together constitute a considerable proportion of our trading 

partners. (The United Kingdom does not recognize the existence 

of tolerances in its legislation pertaining to Weights and Measures 

although the need for tolerances is tacitly admitted in several 

semi-official publications intended as "guide-lines" for government 

inspectors and for packers.) 

When these.tolerances were plotted,  on log-log  paper,.it was 

found that although'most. countries had éstabliShed tolerances which 

were"step7functions", .yet it was possible to drawtwo.straight 

lines-(on log-log paper) which effectively represented close 

 approximations'to the tolerances established- for !'easy-to pack 

commodities" and for "difficult to pack Commodities".' -.Unfortunately 
no very clear directions were given as to themethod of distinguish-

ing between these two . categories of commodities in thé European 

legislation .  So that apparently.the appropriate .  category:for any 

commodity could only be established by studying the data obtained 

after analysing the statistics of random samples taken by thé 	. 

government inspectors. This could have the effect of encouraging 

careless filling bperations, for the greater the standard deviation 
(or alternatively, the greater the "range") of the filling operation, 

the greater would be the likelihood of the commodity being processed 

to be declared a "difficult to pack commodity" and . thus have the 

advantage of a more generous tolerance. 
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After considering the implications of the foregoing remarks and 

the limits of error ,  for various classes of weighing and measuring 

devices approved fôr use in trade (and which are prescribed in the 

Weights and Measures Regulations), the decision was made to 

establish for packages the net contents of which were given in terms 

of  weight, tolerances which were approximately one and one-half (1.5) 

tiMes the limits of error prescribed for weighing devices approved 

for use in trade under the Weights and Measures Act. For Packages 

the net contents of which were given in terms of volume, the 

somewhat arbitrary decision was made that the tolerances should 

bè double the tolerances prescribed for packages with a net . 

contents declaration:in terms of weight. This means, in effect,. 

that the tolerances for packages with a net contents declaration,in 

terms of volume will  be  approximately equal -  to the limits of error 

prescribed for such volumetric measuring-devices .as static measures, 

meastiring tanks ,  and liquid meters which have been approvedfor use ,  

in trade. 

Prescribed Tolerances  

The prescribed tolerances as given in the tables, although 

"official", are really only approximations (although very close 

approximations in most cases) to the "theoretical" tolerances which 
were based upon the foregoing general considerations and the follow-

ing specific decisions: 

(i) that the tolerance for a 500 gram package should be 

exactly 8.0 grams; 	. 

(ii) that the tolerance for a 500 millilitre package should 

be exactly 16.0 millilitres; 

(iii) that for packages with net contents not greater than 
20 kg or 20 litres, the tolerances should be such that 

tripling  the weight or volume should result in doubling  

the tolerance. 
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• The tolerances derived from the foregoing considerations can • 

be expressed in mathemetical terms as follows, for values up to 
20 kg or 20 litres. 

Let "C" be the declared net contents and "T" the prescribed 

tolerance or limit of error (in "absolute" units). 

then T 	— 0.15857 C 57 C 

-- 
If C and T are in millilitres,  then T 	— 0.31715 C 15 C 

If C and T are in ounces (av.),  then T 

If C and  Tare in fluid ounces,  then T 	— 0.09222 C 

The tolerances or limits of error (T) may also be expressed 
as percentages Of C, 	- 

•i.e. % tolerance --T x loo. 

If C and T are in grams, 

— 0.04615 C 15 C 

0.63093 

0.63093 

0.63093 

0.63093 

If C and T are in grams, '% tolerance. — 15.857 
• 0.36907 

If C and T are in millilitres,  % tolerance — 31.715  
• 0.36907 

If C and T are in ounces (av.),  % tolerance — 4.615  
• 0.36907 

If C and T are in fluid ounces,  % tolerance — 9.222  
• 0.36907 
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However, for 600 ml the tolerance is 18.0 ml and for 800 ml 
the tolerance is 22.0 ml. 

Then the tolerance'for 750 	would be 21.0m 

750 .-600 — 21.0-18.0  
800-600 	22.0-18.0 

' The appended graph (Fig. 1) illustrates the tolerâncés', when 
the values of C and T are given in the metric system, both in ' 
"absollite units  and aS . "-% tolerances". 

As mentioned above, the tables which appear in the regulations 
and which are reproduced bèlow, can be considered to be • "official" 
If tolerances are required for intermediate values not appearing 

in the tables, they can be obtained by the use of the formulae 
given above or by linear interpolation within the tables. 

Use of Linear Interpolation to Obtain Tolerances  

As an illustration of the use of linear interpolation, suppose 

it is required to obtain the tolerance for a declared net content 

of 750 ml which is not a value àppearing in the tables. 

algebraic terms, suppose the table is set up as below: 
Declared Net Content 	 Tolerance  

Xi 
x2  >X3 (intermediate value)  

yl 	 . 
,- >S3 - (unknoWn'tolerance) 
1.2 

and suppose we wish to find the tolerance Y3 corresponding to a 
declared net content X3 which lies between Xi and X2. Then the 
value of Y3 is obtained (using linear interpolation) from the 
equations: 

X3  - X1 

X2 - Xi 

or Y3' = Yi 	(Y2 - Ylr° 

Y3 - Yl 

Y2 - yl 

( X 3 - Xi) 

Cx2 - xi) 
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1 

Definitions and Symbols Usedin this Paper  

The following definitions and symbols will be used throughout 

this paper. 

x - the "'net contents" of an individual . package of the  lot 

(Whether x is directly measured or Calculated). 	• 

- "declared  net contents" (i.e. the statement on the label 

of each and every package in the lot which purports to 

Indiàate the actual net Contents). 

"minimum net contents" (i.e. the minimum value of thé 

net contents of a package which, if a "tolerance" ià - I 

permitted, would not cause that package to be considered 

a."defective"and, thus subject to- rejection  or to  

• sanctions under the law). 

' :e — "error permitted" or "tolerance" (i.e. e-Cd 	Cm ) . . 

def. - "defective".(i.e. an individual.package', the nèt:bontents 

of which are . less than Cm . 	 . • 

marg - "Marginal" (i.e.-  an individual , package, the net contents 

of which are.  greater than Cm  but leSs. than Cd).' 	. 

- "average net contents", '(i ...e..arithmetic mean or average 

of: the.  net  contents of all - :the packages-in the lot: or 

complete population . under consideration)::. 

 . E xi 
• 

a - "lot standard deviation" of the net contents of all the . 

packages in the lot or complete population under considera- 

tion 

1 N a E ( • 	 II) 2  Xi ,  - 

where N =total number of packages in the lot or popula-

tion, (assumed to be "indefinitely large"). 

n = "sample-siie • 	the number of  packages in a randbm 

sample  of packages taken,from the complete-lot).' 



1 
1 
1 

1. 

1 

1 

•- "sample .aVeragenet contents" or "sample mean" 

ri j% lci 
• 

s = "Sample.  standard  deviation"  or "sample s.d." 
s 	 ,E (xi - X) 2  

Rg  - "sample range" of net contents 
-

- x

max. min. (over a eolip of "g" packages in the 
sample - "g" is generally taken .  as.5 or 10 éample units). 

R  "average  sample range" of net cc:intents 
1 . • rif  (Rgi  + Rg2  + 	Rg1-11 ) 

where m xs== n (i.e. the sample consists of "m" groups 
of "g"  unità in each group).. 

Determination of "Population ParaMeters" 	: 	- - 

"Sample Statistics" for the Net Contents of 
Packaged CommoditieS  

Before a."target value" for any particular product line. can 

be established, it is necessary for the packer to determine.the 

"average net Contents" (p) and the "standard deviation" (a) for 

the. particular packaging process under consideration.. 

net  Contents. 



Now by definition, p and a, are so-called "population 

parameters" and theoretically can only be determined if the 

net content is known for each and every item in the population 

of packages in the 22m21Êtf_Enti_cLion of the particular 
product line being studied. 

However, estimates  of p and a can be made by determining 
the "sample mean", R, and the "sample standard deviation", s, 
as defined above. The closenèss of the estimates to the "true 
values" is in large measure dependent upon the size of the 

sample (or samples) chosen so that large samples should be 

taken (i.e. "n" should be of the order of at least 100) in 

order to have a reasonable level of , confidence in the accuracy 

of the estimates of p and a. 

Although the formula given above for the sample deviation, 

s, gives what the statisticians call a "consistent" estimate of a 

(and the sample variance, s 2 , givès an "unbiased" eàtimate of the 
population variance a 2 ), yet the arithmetic calculation involved 

may not prove to be easy to perform on the floor of a busy packing 

plant. Consequently, an alternative method is often employed 

using the so-called "range method" of estimating the value of a, 

which is arithmetically simpler to use although it is not as 

"efficient" as the sample standard deviation (s) for the estima-

tion of a. (It might be noted that if the test-method employed 

requires the destruction of relatively expensive items in the 

sample, then the range method would not normally be used.) 
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ire 	

Range Method for Estimation of Lot Standard Deviation  . , 
It has been shown mathematically that the 'efficiency of 

estimation (using the range method) of the lot standard deviation 

I does not, as might be assumed intuitively, increase with the size 
of the sample if the range is taken to be the difference between 

II the largest and smallest values occurring in the sample as •a whole. 
It is found that it is often best to divide the total group of 

II 	

sample values into a number of equal-size sub-groups and then to 
calculate the average (denoted by F) of the several sub-group 
ranges. Although the optimum size of sub-groups is 7 or. 8, yet II for convenience a sub-group size of 5 items is generally employed. 

Il As an illustrative example, suppose that the net content of 
each item in a sample of size n=15 has been determined and the 

II observed values were as follows, in the order in which the  
observations were actually made.: 

Ill> 	 17.0 g, 16.5'g, 	15.5 g, 	16.0 g, 	15.5 g, 	16.5 g, 
17.0 g, 	17.5 g, 	16.5 g, 	17.0 g, 	15.5 g, 	15.5 g, II 16.5 g, 16.5 g, 	16.0 g. 

II These observed values would then be divided into 3 sub-groups 
of 5 items each as follows, without altering the order  in which 

II the original observations were made: . 	 ' 

	

II 	
17.0 	grams 

	

16.5 	" 

	

15.5 	" 

	

16.0 	" 

	

I
15.5 	H 

	

R1  — 1.5 	" 



3 	 3 — 1.2 grams 
Ri + R2 + R3 	1.5 + 1.0 + 1.0 

- 1 1 - 

16.5 grams 
17.0  

	

17.5 	" 

	

16.5 	" 

	

17.0 	" 

	

R2 — 1.0 	" 

15.5 grams 

	

15.5 	" 

	

16.5 	" 
16.5 

	

16.0 	" 
R 3  — 1.0 

(If we had simply taken  the range  over  the  complete set of 

readings without forming sub-groups, the range would have been 

17.5 7 15.5=2.0 gramsj 

It has been shown by L.H.C. Tippet in a paper entitled 

"On the Extreme Individuals and the Range of Samples Taken 

from a Normal  Population" (tiometrika,  Vol. 17 (1925), p.364) 

that the standard deviation of the lot, , 'a, is related to the 

range, R, by the equation: 

a = R/d 

where the factor d depends upon the sub-group size, g. 

Certain typical values of "d" are given below: 

Size of Sub-group(g) 	 Factor (d)  

2 	 1.128 
3 	 1.693 
4 	 2.059 
5 	 2.326 

	

6 	 2.534 

	

7 	 2.704 

	

8 	 2.847 

	

9 	 2.970 

	

10 	 3.078 

Hence for the example given above, the estimated  standard 

deviation for the lot 

= a — U/d — 1.2 	— 0.516 grams 
2.326 
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Discussion of Sampling Plans - General  

, Before acceptance sampling plans can be produced 4t is 

necessary to be clear as to what,quality of lot'will -  be considered 
to be acceptable "on the average" or "in the long run". 	 , 

Varioùs alternative definitions are' passible—e.g. - it might 

be maintained that a lot would only be considered  acceptable if 

there were no defectiVes whatsoever (the definition adoPted, at . 

least theoretically, in the United Kingdom) or it might be held 
.'that a lot would be considered acceptable as'  long as the declared 
net contents were present on the'average, with'no restriction on 

the number of defective packages that might be in the lot. 	 : 

The definition of an acceptable lot which underIieS the - 

acceptance Sampling-plans- specified in theWeights . and Measures 

Regulations is that a lot  of prepackaged commodity will be 

.-donsidered "bàrely acceptable" if: . 

. 	, (i) the number of "good",padkages li.e: packages which 

'contain-at least . the declareclnet content) is not less 

than 50% of the number of packages irLthe lot, and- 	• 

the number of "defective"  packages  (i.e. packages which 

- contain less than .the declared net contents-by*an aMount 

greater than,the•appropriatè tolerance) does nOt exCeed 

1% of the number of packages  in the lot. , 

. -Figure 2 illustrates what is considered to be a - "barely 

acceptable lot" (shown.by  the solid line) .whereas the:dotted 

line - illustràtes-a lot which would be considered as an  example 
of "systematic ,  exploitation- of the tolerance". 	 • 
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The use of the term "barely acceptable" is intended to 

convey the meaning that .a paCker who "targets" for a 'lot average 
(p) which is barely equal to the declared net Contents (Cd) and 
Whô produce's lots which contain 1% defectiveS,' shoûld not  enjoy 

thé advantage of  .a very loW.producer'S risk '(a), which is often: 
sét at a=0.01 or (1-0.05. On thecontrary, if the packer targets 

for lots of "barely acceptable quality" it is felt that he and 

the consumer should ."share the risk",,i.e. that the aCceptance 

sampling plans should be such that a-4.8=0.50. ; 

It:should be noted that the Weights and Measures Regulations 

make no explicit reference to a -"barely-acceptable.lot"  as 
 .defined above due to certain legal subtleties in - the wording of- 

the Act. Thus Section 9 ,  of the :Act  states', in effect, that no • 

 trader shall sell or offer for sale any commodity that-is not 

-Marked.accurately withinprescribed limits of error (or tolerance's). 

and SectiOn-33 of the Act states . that it is an offence to sell or 
offer for sale any commodity if the . quaritity:of-coMmoditytisï 

silbject to prescribed limits.of error,' , 1ess than:the quantity 

purported to be sold or offered for.sale or that should be 

delivered. Thus if even one defective'  package  existb in a lôt 
which- is-sold or offered-for-sale, the.trader:would striCtiy 

. speaking- be guilty  of an  Offence. HoWever Paragraph*,10 - (d) of the 
Act states . that "the Governor in Council may make , regUlations 

prescribing  the  manner in which an inspector shall determine 
whether anylot; shipment, proposed shipment or identifiable 
.quantity of any coMmodity meets the requirements.of this Act and. 

 the regulations". .Thus the regulations are written SO that  if a 
sample of 37 or feweritems,is taken, then nô (0)-defective- may 
be permitted, , regardless of the average or mean-of thé sample'. ' 

On the other hand, if a Sample of 38 .or, More items is:taken then. 
one (1) defective (but no more than 1 defective): will be permitted 
*provided the nuMber of "short" items (i.e. marginals* Plus d.efectives) 

does- not exceed the number shoWn in Schedule  III, 'Part  2, Column T. 
(The defectiVe item found in the sample should,'  of, course,  not be 
returned to the lot but shouldbe re-packed or marked correctly.) 
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Types  of Sampling Plans  

Because of the legal restrictions referred to in the 

preceding paragraphs, we are forced, in effect, to employ 

tWo types of sampling planst 

(i) 3-class attributes:plans  based upon the paper by 

Bray, Lyon and Buri: "Three Class Attributes Plans •  

in Acceptance Sampling" (TECHNOMETRICS, Vol. 15, 

(August 1973), p.575). 

Any such plan is usually designated as (n, ci, c 2 ) 

where  •n -number of items in the sample 

c l  =maximum permitted number of marginals plus  

defectives in the sample 

c 2  -maximum,permitted number of defectives in 

the ' sample.  

Thus a 3-class plan designated as (38, 19, 1) would be a 

plan such that if a random sample , of-38 items were taken from 

a lot, then the lot would be accepted if not more . than 19 

items in the sample were below the declared net contents (i.e. 

the total of marginals plus  defectives did not exceed 19) and 

not more than 1 defective was found in the sample. 

The numbers (38, 19, 1) were chosen in such a way that a 

large lot of packages containing 50% "good" packages and 1% 

"defectiÀ/e" packages would have a probability of acceptance, 

Pa, equal to or slightly greater .  than 0.5 or, a "50-50" chance 

of being accepted by an inspector. 

(ii) 2-class attributes plans  similar to those employed in 

.the Canadian Government Specifications Board "Standard 

on Inspection by Attributes", 105-GP-1, which is 

essentially the same as the U.S. Military Standard 

MIL-STD-105. 

Any such plan is usually designated as (n, c) 

where n = number of items in the sample 

c = maximum permitted number of defectives in 

the sample 
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However, in order to maintain consistency with the symbolisM 

employcd for  3-class plans we will designate a 2-class plan as 

(n, n, c2) where the first "n" is the number of items in the 

sample and the second "n" indicates that all of thé items in 

the sample may contain  les  than the declared net contents 

np_Ila not more than c2 defectives are found in the sample. 

Thus a 2-class plan designated as (38, 38,0) woUld be-a 

plan such that if a -  random sample of 38 items were taken from - a 

lot, then the lot'would be accepted if no defective (c2= 0) were 

 -found in the sample even though all  38 items were "Marginal 

packages". 	 _ 

The numbers (3e, 38-, 0)' wére-chosen - insuch a way that a. 

large lot containing'1% defective paCkageS -  (regardlesS'of  the 

 percentage of marginal packages): would - have a probability.of -

aCceptance,- Pau  equalfto-or:slightly greater.,than  05 or a . 

3'50-50" chance of being accepted by àn inspector. 

This would be equivalent to stating that the "Indifference 

Quality" (I.Q.) would be 1% or po  = 0.01 for al-e10.50 using the 

terminology employed in such books on acceptance sampling as: 

"Sampling Inspection" by Freeman, Friedman, Mosteller and 

Wallis (McGraw-Hill - New York, 1948) or "Selected 

Techniques of Statistical Analysis" by Eisenhart, Hastay 

and Wallis (McGraw-Hill - New York, 1947). 

Definition of . "Lot" for Acceptance Sampling.Plans  

It is important to be clear as-to the meaning to be attached 

to the word "lot" when  used in connectIon with acceptance sampling. 

The meaning of "lot" when used herein is "the Collection:of  items 

(generally packages) from whiëh a random saMplé may be drawn and 

which will be-accepted , or rejected as a whole-on the basis of the- 
, 	• 

statistics of the  sample". 
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• Thus for inspection purposes à "lot" iâ not necessarily the 
same as a manufacturer's lot or shipping lot or order lot, etc. 
An inspection lot, for example, may be only part of .a  shipping 
lot or may embrace two or more shipping lots. . 

It should be noted that the lot must be sùch that a "random 
sample" can be drawn from it. Now a random sample is such that 
any member of thé lot has, a priori, an equal chance of being 
the first member of the sample to be drawn;'any remaining member 
of the lot has, à priori, an equal chance of being the second 
meMber of the sample to be drawn, and so on. 

It is obvious that to treat a large collection of packages 
(which in turn may be contained in many cartons) as one 
homogeneous lot would require that the sample be drawn entirely 
at random from anywhere in the whole lot. In a warehouse which 
is filled from wall to wall and from floor to ceiling with 
packages, the drawing  of a truly random sample would pose major 
problems for the inspector and could lead to complete chaos in 
so far as the  manufacturer is concerned. . 

It is likely, tàerefore, that the inspector will "define" 
the lot for the purposes of his inspection as that "layer" of 

cartons or of packages which is most readily accessible for the 
drawing of the sample. The layer may be the top layer or one 
of the side layers or possibly the lot might be defined as just 
the collection of packages on a pallet. 

At all events the lot, however defined, must be sampled in 
a random fashionand the statistics of the.sample studied. 
Depending upOn the saMple statistics,'the defined lot Will be 
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accepted or rejected 7."-  but  only  the defined  lot. In other 

words, the results of a ààmple which was drawn at random from 

only one layer would not constitute grounds.for acCepting or 

rejecting the remaining layers. However, if one layer were to 

be - rejeCted and the contents  of the sampie appeared:L(5 

seriously d.eficient, the inspector would probably request that the -

nejtt layer be inspected and so on,if:layer after layer appeared 

to contravene the- Act. Even though the inspector might terminate 

his inspection after inspecting only one layer; it should be 

noted that the obligation remainà.with the packer tO give full 

weight, or measure within pràscribed toleranceS. 	' 

• Another pàint should be noted. If the inspection is done (_ 

on a "layer basis", the layer may or may not represent a single 

batch, code, shipping lot, etc. but may embrace several batches, 

codes; shipping lots, etc. A sample from such a:layer might 

therefore be more representative of "average production" than 

would a sample which came from a layer containing only a single 

batch, code, shipping lot, etc. This would probably,have the 

effect of protecting manufacturers whose quality.was consistently 

satisfactory while revealing the lack of control on the part of 

manufacturers whose quality varied from run to run or from day 

to day. 

Instructions to Inspectors Respecting Sample Sizes  

It will be seen that Schedule III, Part 1, gives the minimum  

size of sample (n) to be drawn from a lot of any specified size 

(N), in accordance with subsection 52(2) of the Weights and 

Measures Regulations or section 40 of the Consumer Packaging 

and Labelling Regulations., There appears to be no general 
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agreement as to the appropriate relationship between N and n 
except that as N becomes larger, the ratio n/N becomes smaller. 

The values given in Schedule III, Part 1, are arbitrary to a 
large extent -- although they were established after studying 
the suggested sample sizes versus lot sizes as given in several 

well-known manuals on acceptance sampling. 

It should be noted that there is nothing to preVent the 
drawing of a sample of larger size if in the opinion of the 

inspector this appears to be desirable. Suppose, for example, 
that from a lot consisting of N=200 items, the inspector 
drew the suggested sample of size n=10 and thàtin the sample 
there were no (o) defectives but that  ail 10 sample-items were 
"marginals". In this case it would  nt  be unreasonable to assume 
that the packer was attempting to "exploit the tolerance" by 

aiming at a lot average net contents (p) • which was such that 

Cm p < Cd. Consequently the inspector would be expèéted to 
draw a further sample of 28, for a total sample size of n==38. 
Should a single défective  be found in the sample of. 38, then 
the lot would be rejected if the total number of marginals plus  
defectives exceeded 19. However, if there was no defective in 

the sample of 38, , then'the lot would have to be accepted 

i-egardless of the number of marginals, because of the legal 
restrictions mentioned above. 

If, on the other hand, inthe initial . àample of 10 there 
was no defective and , the number of marginals did . not exceed 5, 
then the inspector, would probably be prepared . to accept the:- 
lot without taking a further sample'. . 



- 	 - 

Graphs Illustrating the Relationships Between 
Lot Average ("Target")P and Declared Net Weight or Volume (Cd) 
for Various Probabilities of Acceptance (Pa) 

A series of graphs A-1 to A-20 and B-1 to B-20, (not 

illustrated herein) were dtawn which showed the lot average 
("target") weight or volume (p) versus the probability of 
acceptance (Pa) for a selected series of values of Cd and of• the 

lot standard deviation (a). The graphs were based upon computa-

tions for the 2-class attributes plan (38, 38, 0) and for the 

3-class attributes plan (38, 19, 1) where the assumption  was made 
that the net contents of the items in the lot which is being' 

inspected follow a "normal probability" or "Gaussian" distribution, 

N 	a). (A "normal probability ,  curve" is a bell-shaped curve 

such as that illlistrated in Figure 2.) 

s By cross-plotting, four other series of graphs (C-1 to C--;3, 

D-1 to D-6, E-1 to E-3 and F-1 to F-6) were obtained and which 

are appended hereto. 

These graphs can be used for the approximate estimation of 
the necessary extent of,overfilling (or underfilling), expressed 
as a percentage of Cd, for certain probabilities of acceptance 
in a manner which is best illustrated by a specific example. 

Suppose a packer wishes to ensure that his production run 
will be such that it will have a 90% probability of acceptance 
if inspected by a C.C.A. inspector using a (38, 38, 0) plan. 
Further, let us supposé  that the declared net weight is Cd-250 
grams and the standard deviation of the packaging process is 

a - 7.749 grams. 

From the equations given for the"theoretical" values  of,. the  
tolerance versus Cd we obtain for Cd-250 grams.the:value. , 	- 
e...T=0.15857; X2509°,603 =7-5 -.166 ' .grams. 

Hence the ratio a/e 7.749/5.166 - 1. 5 so that a 1. 5  

,From Figure c-q, for the value 'of Cd'-250 grams, - read the 
values of "% overfill".(or 9 % underfilll'corresponding,to-l*e 
1.e 	1.e

I 	• 1 e .I 	• 11 	• '2 e 3 e and 4.e. - 	 .  

4 	2 



1.e 
8 
1.e 

1.e 
2 
1.e 

2:e 

3.e 
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These values are as follows: 

"% of Cd"  

- 1.5%' 

- 0.75% 

+ 1.0% 

• 3.75% 

+ 9.5% 

+15.25% 

4.e 	 +21.0% 

The:values for "k = a/é" and "% of Cd". should be plotted On 

ordinary square graph'paper,,as in Figure 3 below,,and à 

straight linè drawn which is a'"best:fit '" 'through  the points. 

The value corresponding to a= 1.5e will be seen to be 
approximately 6.5% overfill. Hence for a value of Cd= 250 

grams, the packer should aim for  .a lot average of 11=1.065 

X 250 =266.25 grams if he wishes to have .a 90% probability 

of acceptance of the lots being sampled and inspected. (An 

exact computation gives the probability of acceptance as 

89.70% which is extremely close to the desired value of 90%. 

It is of interest -t.p mite that  for the ,  (38, 38,A) - 
sampling plan it . can be shown mathematipal1y• that there:must. 

be a linear relationship betWeen the Values of"-k—alé"and 
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"% of Cd". Again, in the limiting case when a--)-0, it is 
obvious that the value of. "% of Cd" is ( - e X 100% - Cm-Cd X 100%) 

Cd 	 Cd regardless of the value of Pa selected. 

Thus if cs -›- O and the lot average p.+Cm "from above" then all 
of the lot must iie above Cm and there are no defectives. Hence 
there must be a probability of aceeptance of 100% using a 
(38, 38, 0) sampling plan. On the other hand, if a-.)-0 and the 
lot average p÷Cm "from below", then all of the lot must lie 
below Cm and must consist entirely of defectives. In this case, 
there must be a probability of acceptance equal to zero (0) 
using a (38, 38, 0) sampling plan. 

This is illustrated I:7 Figure 3 in which straight lines have 
been drawn corresponding to values of Pa==90%, 95% and 99%, 
based on values read from Figures C-1, C-2 and C-3 for Cd=-250 grams. 
It will be seen that in all cases as a÷0 all of the lines pass through a 

single point "A" with abscissa equal to -5.166  X 100==-2.07% of 
250 

Cd. 

As another example, suppose a packer wishes to ensure that , 
his production run will be such that it will have a 95% probability 
of acceptance if inspected by a C.C.A. inspector using a 
(38, 19, 1) plan.  Further, let us suppose that the declared net 
weight is  'Cd75 grams and the standard deviation of the packaging 
process is a==1.813. 

'From the equations given for ,the "theoretical" 'values Of the 
tolerance versus Cd we obtain for Cd==75 grams the valuel 	. 

• 	e==T==0.15857 X 75 0 ' 63093 =-2.417 grams 
. Hence a/e 	1.813/2.417==0.75 

3 so that a==0.75e==-,e. 	• 
4 
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. 	From_Figures D-3 and D-4, for, the value of . Cd -= 75 drams 
read the Values of "%-Overfill" (% of Cd) ,  for the variotis valUeS 

àrk==a/eand plot on squared paper as in Figure 4. The Value 
corrèsponding to  k= 	is 2.5% overfill.  Hence thegoacker 'should 

.aim  for a lot average, p==1.025 X 75==76.875 grams if he wishes 
to have a 95% Probability of acceptance when a (38, .19, 1) 
'sampling plan is. used. • (An exact  computation giVes à value of' ' 
Pa -=95.44%.) 

In Figure 4 are shown the curves for Pa= 90%, 95% and 99%. 
It will be seen that for these three cases the points appear to 
lie on straight lines  •for values of  0>1.e  whereas'fo±  values of 

1 	 2 
a< -,e the points lie on curves which all converge to the point 2 
with abscissa equal to 0% of Cd. 

UBH, 

• 	Unlike -the case above . (Figure 3) where the-sampling . plan .  
was .(38, 38, 0 )., the author ,  is unable to.find a mathematiCal 
explanation for the shape of these curves nor for the apparent 
linear relationship between "k= 	 Cd"for a> . 2 : 

However  it  can be' easily shown that for any selected value 
of Cd, all curves for all values of Pa must pass through the 
point "B" as cs -÷ 0. Thus if 0+0 and the lot average p÷Cd,"from 
above", then all of the lot must lie above Cd and there are 0 
marginals and 0 defectives. Hence there is a 100% probability 
of acceptance using a (38, 19, 1) sampling plan. On the other 
hand if cy÷0 and the lot average 11->Cd"from below", then all of 
the lot must lie below Cd and the sum of the marginals plus' 
defectives will be equal to n==38. In this event the probability 
of acceptance will be zero (0) using a (38, 19, 1) sampling plan. 
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It will be noted that all of the graphs appended hereto 
are given in terms of metric units. It will therefore be 
necessary for a packer who wishes to declare the net contents 
of packages in terms of Canadian units of measure (e.g. 

ounces, pounds, fluid ounces) to convert both the declared 
weight or volume and the appropriate tolerance to metric units 

 before using the method outlined abovè for estimating the lot 
average ("target") weight or volume as % of Cd,  overfill or 
underfill. 
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ExtraCts from the WEIGHTS  AND MEASURES,REGULATIONS 

SCHEDULE II 

Limits of Error for Commodities 

Part 3 

. LIMITS OF ,ERROR FOR QUANTITIES ,MEASURED . IN METRIC 

UNITS  OF MASS OR WEIGHT FOR COMMODITIES:OTHER 

THAN INDIVIDUALO.  MEASURED COMMODITIES - 

Column I 	- 	 Column 
Item 	Stated Mass or Weight , Limits  of  Error: 

1 	 1g 	 0.16q 
2 	 1.5 g 	 0.20:g 
3 	 2..g 	 0.25 g 
4 	 3g 	 O.32 :.g : 

5 	 4g 	 0.38.g 
6 	 5g 	 0.44'g 
7 	 6 g 	 0.50 g 
8 	 8 g 	 0.59 g 
9 	 10 g 	 0.68 g 

10 	 15 g 	 0,88g 
11 	 20g 	 1.05g 
12 	 30 g 
13 	 40g 	 H 	 1.62g 
14 	 50 g 	 1.87 g 
15 	 60 g 	 2.10 g 
16 	 80g 	 2.50.g 
17 	 100 g 	 2.90 g 
18 	 150 g 	 3.80 g 
19 	 200.g 	 4.50 g 
20 	 300 g 	 5.80 g 
21 	 400 g 	 7.00g 
22 	 500g 	 8.00g.  
23 	 600 g 	 9.60 g 
24 	 800 g 	 11.00 g 
25 	 1 kg 	 12.5.g 
26 	 1.5 kg 	 16.0 g . 
27 	 2 kg 	 19.4.g 
28 	 3 kg 	 25.0g.  
29 	 4 kg 	 30.0 g 
30 	 5 kg 	 34.0 g 
31 	 ' 6 kg 	 39.9g.  
32 	 8 kg 	 46.0 g 	1 
33 	 10 kg 	 53.0,g 
34 	 15 kg 	 68.0g 
35 	 20 kg 	 80.0 g 
36 	Over 20 kg up to and 	0.40% of the stated mass 

including 100 kg 	 or weight 
37 	Over 100 kg up to and 	0.32% of the stated mass 

including 500 kg 	 or weight 
38 	Over 500 kg 	 0.20% of the stated mass 

or weight 
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Colum I 
Stated Mass or Weight 

Column II 
Limits of Error Item 

	

1 	 0.1 ounce 

	

2 	 0.2 ounce 

	

3 	 0.5 ounce 

	

4 	 1.0 ounce 

	

5 	 2.0 ounces 

	

6 	 5.0 ounces 

	

7 	10.0 ounces 

	

8 	 1.0 pounds 

	

9 	 1.5 pounds 

	

10 	 2.0 pounds 

	

11 	 3.0 pounds 

	

12 	 4.0 pounds 

	

13 	 5.0 pounds 

	

14 	 6.0 pounds 

	

15 	 8.0 pounds 

	

16 	10.0 pounds 

	

17 	15.0 pounds 

	

18 	20.0 pounds 

	

19 	25.0 pounds 

	

20 	30.0 pounds 

	

21 	35.0  ponds  

	

22 	40.0 pounds 

	

23 	45.0 pounds 

	

24 	Over 45.0 pounds up to 
and including 225 pounds 

	

25 	Over 225 pounds up to 
and including 1000 
pounds 

	

26 	Over 1000 pounds 

I .  

' Part 

LIMITS OF ERROR - FOR QUANTITIES MEASURED IM CANADIAN 

'UNITS OF.MASS'OR WEIGHT  FOR  COMMODITIES OTHER - 

THAN INDIVIDUALLY MEASURED COMMODITIES .  ' 

0.011 ounce 	0.0007 pound• 
0.017 ounce 	0.0011 pound 
0.030 ounce 	0.0019 pound 
0.048 ounce 	0.0030 pound 
0.070 ounce 	0.0044 pound 
0.14 ounce 	0.0088 pound 
0.20 ounce 	0.0125 pound, 
0.26 ounce 	0.016 pound ' 
0.34 ounce 	0.021 pound 
0.42 ounce 	0.026 pound 1 
0.54 ounce 	0.034 pound ' 
0.64 ounce 	0.040 pound 
0.73 ounce 	0.046 pound 
0.83 ounce 	0.052 pound 
1.00 ounce 	0.063 pound 
1.15 ounces 	0.072 pound 
1.50 ounces 	0.094 pound 
1.75 ounces 	0.109 pound 
2.10 ounces 	0.131 pound 
2.30 ounces 	0.144 pound 
2.50 ounces 	0.156 pound 
2.75 oundes 	0.172 pound 
3.00 ounces 	0.188 pound 
0.40% of the stated mass or 
weight 
0.32% of the stated mass or 
weight 

0.20% of the stated mass or 
weight 
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Part 5 

LIMITS OF ERROR FOR QUANTITIES MEASURED IN METRIC 

UNITS OF  VOLUME OR  CAPACITYTOR LIQuip COMMODITIES 

AND FOR LIQUID FOODS THAT  ARE  SOLD IN THE FROZEN 

STATE 

Column I 	 Column II 
Item 	Stated  Volume or Capacity 	Limits of Error 

1 	 1 mi 	 0.32 ml 
2 	 1.5 ml 	 0.40 ml 
3 	 2 ml 	 0.50 ml 
4 	 3 ml 	 0.64 ml 
5 	 4 ml 	 0.76 ml 
6 	 5 mi 	 0.88 ml 
7 	 6 ml 	 1.00 ml 
8 	 8 ml 	 , 	1.18 ml 
9 	 10 ml 	 1.36 ml 

10 	 15 mi 	 . 	 1.76 ml 
11 	 20 ml 	 2.10 ml 
12 	 30 ml 	 2.72 ml 
13 	 40 ml 	 3.24 ml 
14 	 50 ml 	 3.74 ml 
15 	 60 ml 	 4.20 ml 
16 	 , 80 ml 	 5.00 ml 
17 	 100 ml 	 5.80 ml 
18 	 150 ml 	 7.60 ml ' 
19 	 200 ml 	 9.00 ml 
20 	 300 ml 	 11.6 'ml 
21 	 400 ml 	 . 	14.0ml 
22 	 500 M.1 	 16.0 ml 
23 	 600 ml 	 18.0 ml 
24 	 800 ml 	 22.0 m1 
25 	 1 1 	 25.0 ml 
26 

 
1.5 .1 	 32.0 ml 

27 	 2 1 	 38.8 ml 
28 	 3 1 ' 	 50.0 ml 
29 	 4 1 	 , 	60.0 ml 
30 	 5.1 	 68.0 ml 	' 
31 	 61 	 78.0 ml 
32 	 8 1 	 92.0 ml 
33 	 I0 l. , 	 106 ml 	, 
34 	 151 	 126 ml 
35 	 20,1 	 - 160 ml 
36 	Over 20 litres up to and 	0.75% of stated volume 

including 50 litres 	 or capacity 
37 	Over 50 litres up to and 	0.6% of stated volume 

including 250 litres 	 or capacity.  
38 	Over 250 litres up to and 	0.5% of stated volume 

including 500 litres 	 or caPacitY 
39' 	Over 500 litres 	 0.4% of stated volume 
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Part 6 	, 

LIMITS OF ERROR FOR QUANTITIES MEASURED IN CANADIAN 
UNITS  OF; 	OR CAPACITY.FOR LIQUID COMMODITIES 
AND FOR LIQUID FOODS THAT ARE SOLD IN THE FROZEN 

. STATE 

Item 
Column I 	 Column II 
Stated Volume àr Capacity 	Limits of Error 

(1 gill) 

0.52 
(1 pint) 0.60 

0.64 
0.80 

(1 quart) 0.93 
1.05 

' 	1:20 
(2 quarts) 1.45 

100.0 fluid ounces 	, 	1.70 fluid 
120.0 fluid  ounces (3 quarts) 1.85 fluid 
128.0 fluid ounces 	 2.00 fluid 
160.0 fluid ounces(1 gallon) 2.25 fluid 
2 gallons 	 3.50 fluid 
3 gallons 	 4.60 fluid 
4 gallons 	 5.40 fluid 
5 gallons 
Over 5 gallons up to and 
including 10 gallons 

25 	Over 10 gallons up to and 
including 50 gallons 

26 	Over 50 gallons up to and 
including 100 gallons 

27 	Over 100 gallons 

-1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

0.14 fluid bündé 
0.2 5 . fluid ounce 
0.39 fluid Ounce  

fluid 
fluid 
fluid 
flùid 
fluid 
eluid 
fluid 
fluid 
fluid 
fluid 
fluid 

ounce 
ounce 
OunOe 
ounce. 
Ounce 
ounces 
ounces 

-ounces 
ounces 
ounces 
ounces 
ounces  
ounces  
ounces 
Ounces 

0..022 fluid-ounce 
0.034 fluid ounce 
0.060 flùid ounce 
0.092 fluid ounce 

6.20 fluid ounces 
0:75%.ofstated volume 
or capagfty • 
0..6% Of Stated.,Volume 
or capacity 
0.5% of stated  volume 
or  capacity 
0.4% Of stated Volume 
or capacity 



SCHeDULÉ III 

Samples 

Part 1 

I 

1 
1 

1 

I . 

Column I Coluffin II • 
Number of Units . 	 . 

Item 	Number of Units in the Lot 	 in the  Sample 

	

1 	2 or more, not exceeding 10 	 2 	. 

	

2 	11 or more, not exceeding,25 • 	 .4 . 	 . 

	

3 	•26 or more, not exceeding 60 	, 	 , 	. 6 	. 

	

4 	' 61 or more, not exceeding 100 	 8 
5. 	101 or more, not exceeding 300 	 10. 

	

6 	301 or more, not exceeding 500 	 ' 	12 

	

7 	501 or more, not exceeding 1,000 14 . 

	

8 	1,001 or more, not exceeding 2,000 	 • 16 
9 ' 	- 2,001 or more, not exceeding 5,000 , 	 lé• 

	

10 	5,001 or more, not exceeding .10,000. 	, 	20 	• 

	

11 	10,001 or more, not. exceeding 25,000 	, 	. 	25  

	

12 	25,001 .or more, not exceeding 50,000 	 :H .• 30 

	

13 	50,001 or more, not'exceeding'100,000 	 - . - - , ..38. 	. 

	

14 	' 	100,001 or more,  not exceeding' 200,000 

	

15 	200,001 or more, not exceeding 500,000 - • 	, 	, 60 

	

16 	500,001 or more, not exceeding 1  million, 	., 	80 

	

17 	more than 1 million 	, 	• 	 ..100 . for.each 
million items in . 	. . 	 . 	,. 	, 
the lot - , 



Part 2 
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Column 1 . 	 ColuMn  II  

Number of Units in the Sample 
Number of Units 	' 	-Containing less than the ' 

Item 	in the  Sample 	 Stated-Quantity 

1 	 38 	 19 
2 	 40 	 1. 	20

• 3 	 50 	 25 
4 	 60 	 31 
5 	 80 	 41 
6 	 100 	 52 
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