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PROCEDURE FOR DETERMINING THE SERVICEABILITY 
CATEGORY OF CHEMICAL AGENT LOTS 

1. Introduction. ' 

Serviceability categories for chemical agents or munitions are 
assigned on the basis of the purity of an entire lot of agent or muni- 
tion. The purity of a lot is the average purity of the agent in all the 
containers comprising the lot; it is the purity one would measure if it 
were possible to mix all the agent together in one large vat. Since 
sampling from a portion of the lot gives only an estimate of the purity 
of the lot, statistical methods are employed to draw an inference about 
the true purity of the lot. 

The statistical method described in the following includes criteria 
for censoring bad data and establishes a lower bound for the value of 
lot purity, with given confidence, based upon the Student-t distribution. 

2. Sampling Methodology. 

A pair of samples is taken from each of a number ri_ containers from 
the lot, each container having been selected independently and at random. 
The agent in each container (ideally) is mixed well before sampling. 
Each sample is analyzed for percent purity of agent. 

3. Statistical Procedure. 

a. Fill in Part 1 of the Lot Purity Estimation Worksheet (example work- 
sheets are attached) through column C. In case of a missing member of a 
pair, leave column A or B blank, as appropriate, and leave column C blank. 

b. If a criterion for pair differences has been previously esta- 
blished, go to step e_. Otherwise, continue to step £. 

c. Repeat step a_ for each lot under consideration. Then fill in 
the Censor Criterion Worksheet (example worksheets are attached) by 
tallying the occurrences of values from column C of all the Estimation 
Worksheets. 

d. Judgementally select a value of pair difference which is larger 
than the body of occurrences, but which is smaller than extreme outlying 
occurrences, if any. This value, the censor criterion, should generally 
be such as to reject less than 5% of the sample pairs. An example of 
censor criterion selection is attached. 



e. On the Estimation Worksheet, censor (line out) any sample pairs 
for v/hich the pair difference is larger than the censor criterion. Now 
complete columns D (for a missing member of a pair, enter in D the value 
for the present member) and E. 

f. On Part 2 of the Estimation Worksheet (examples attached), com- 
plete the indicated computations through the computation of s. 

g. If there were no missing members of sample pairs, go to step 
_h. If there was a missing member, check the value in column D against 
all the other values in that column.  If this value is either the 
largest or the smallest number in the column, calculate the required 
entry in column F for this sample. If the entry in column F is greater 
than 3.00 in absolute value, censor the sample and go back to step f_. 
Otherwise, continue to step h_. 

h_. Now complete the remaining calculations.* The value LCL is 
compared with values in the table of Purity requirements for service- 
ability categories, establishing the condition code for the lot. 

Repeat the process for each lot. 

4. Conments.  • ,      • 

Two portions of the above procedure deserve further discussion: the 
rationales for the chemical sample censoring scheme, and the rationale 
for the constitution of the statistical sample** which is used in calcu- 
lating the confidence interval for true lot purity. The following para- 
graphs discuss these points. 

First, the chemical sample censoring scheme is based primarily upon 
the size of pair differences, where both members of a pair are present, 
and secondarily upon the value of purity relative to the values of other 
samples, where one member of a pair is absent (due to breakage, for 
example). Since sample pairs are drawn from a container which is supposed 
to have been agitated to mix the agent well, one expects the purity of 
the pair of samples to be identical, with only a small error in the 
chemical analysis giving rise to different values. However, it is recog- 
nized that the mixing is less than perfect in practice; hence, a second 
source of difference. It is hypothesized that pairs of purity values 
which are "close" represent good mixing and a valid sample, and that 
widely separated pair values represent poor mixing and an invalid sample. 

*A table of the t-distribution, required for these calculations, is 
attached. This table is also to be found in most statistical texts and 
handbooks. 
**The term "chemical sample", or simply "sample" used in that context, refers 
to the contents of a bottle of agent which has been drawn from a storage 
container or munition for purposes of surveillance testing. The term 
"statistical sample", or simply "sample" used in that context, refers to the 
collection of numbers entered in column D of the Estimation Worksheet as a 
group. 
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Second, thti statistical sample is composed not of the individual 
purities of valid chemical samples, but of the arithmetic averages of 
the purities of pairs of valid samples. This is done because the mem- 
bers of a pair can not be considered to be statistically independent of 
each other under the assumptions previously stated, and because the two 
members of a valid pair have equal weight. In statistical language, 
this approach provides the correct number of "degrees of freedom." 

5. Summary. 

The procedure delineated above consists of a judgemental scheme for 
censoring bad data and the computation of a lower confidence bound for 
true lot purity based upon the t-statistic. This procedure is readily 
amenable to computerization. 

6. Any questions should be directed to Mr. Richard Heider, DRSAR-SAM, 
extension 3167. 
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T 1 ri.c: 

CENSOR CRITERION WORKSHEET 

UY : DAlt : 

ABSOLUTE VALUE  OF  PAIR 
DIFFERENCE between 

..AGEiJT  LC IT    il                                                                                 rnMTATWPTJ    TVPT7 

0.00                     -              0.99 
1.00                                   1.99 
2.00                                   2.99 
3.00                                   3.99 
4.00                                   4.99 
5.00                    -             5.99 
6.00                                   6.99 
7.00                                     7.99 
8.00                                     8.99 
9.00                                         q.qp 

10.00                      -            10.99 
ll.On                                     11.99 
12.00                                     12.99 

■1 ~ 

13.00                                     13.99 
u.nn                            ^L PQ 

15.00                  -          is.9q 

16.00                                   16.99 
17.00                                   17,qQ 
18.00                                     18,qq 
IP.on                                     iq   QQ 

20.00                      -            90.9P 
21,00                                     21.qq 
22.00                                     22.pq 
23,00                                     2"^.^^ 
2A,nn                                       9Zf   qq 
25.00                 -         2s,qq 
2fi,0n                                     2fi,pq 
27.00                                     27.<5q 
28.00                                       28,qq 
2q,nn                                     9q   qq 

30.00                      -            3n.qp 
31-00                                     31.pq 

"iP.OO                                   32.99 
33,00                                       -^3   qq 

34.00                                     3/1.99... 
35.00                     -            35.pq 

36 00                                36.99 
37.00                                         -^T.qq 
38.OU                                       38.qq 
39.00                                     -^q   qq 

40.00                      -            40.^9 
41..ilO                                   41  qg 
42.00                                     /,2   99 
43.00                                   43.qp 
44.00                                     LL   qp 

45.00                   -          45.99 
^6.00                                 4fi  PP 
47.00             .                       47   qq 
48.00                                A8.qq 
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Percentage Points of the / Distribution* 
Table of /.; v—the 100 a percentage point of the t distribution 

for V degrees of freedom 

0 
 CJ^JLZ 

V *   0.40 0.25 0.10 0.05 0.025 0.01 0.005 0.0025 0.001 0.0005 

1 0.325 1.000 3.078 6.314 12.706 31.821 63.657 127.32 318.31 636.62 2 .289 0.816 1.886 2.920 4.303 6.965 9.925 14.089 23.326 31.598 3 .277 '.765 1.638 2.353 3.182 4.541 5.841 7.453 10.213 12.924 4 .271 .741 1.533 2.132 2.776 3.747 4.604 5.598 7.173 8.610 
5 0.267 0.727 1.476 2.015 2.571 3.365 4.032 4.773 5.893 6.869 6 .265 .718 1.440 1.943 2.447 3.143 3.707 4.317 5.208 5.959 7 .263 .711 1.415 1.895 2.365 2.998 3.499 4.029 4.785 5.408 8 .262 .706 1.397 1.860 2.306 2.896 3.355 3.833 4.501 5.041 9 .261 .703 1.383 1.833 2.262 2.821 3.250 3.690 4.297 4.781 

10 0.260 0.700 1.372 1.812 2.228 2.764 3.169 3.581 4.144 4.587 11 .260 .697 1.363 1.796 2.201 2.718 3.106 3.497 4.025 4.437 12 .259 .695 1.356 1.782 2.179 2.681 3.055 3.428 3.930 4.318 13 .259 .694 1.350 1.771 2.160 2.650 3.012 3.372 3.852 4.221 14 .258 .692 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.140 
15 0.258 0.691 1.341 1.753 2.131 2.602 2.947 3.286 3.733 4.073 16 .258 .690 1.337 1.746 2.120 2.583 2.921 3.252 3.686 4.015 17 .257 .689 1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.965 18 .257 .688 1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.922 19 .257 .688 1.328 1.729 2.093 2.539 2.861 3.174 3.579 3.883 
20 0.257 0.687 1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.850 21 .257 .686 1.323 1.721 2.080 2.518 2.831 3.135 3.527 3.819 22 .256 .686 1.321 I.7I7 2.074 2.508 2.819 3.119 3.505 3.792 23 .256 .685 1.319 1.714 2.069 2.500 2.807 3.104 3.485 3.767 24 .256 .685 1.318 1.711 2.064 2.492 2.797 3.091 3.467 3.745 
25 0.256 0.684 1.316 1.708 2.060 2.485 2.787 3.078 3.450 3.725 26 .256 .684 1.315 1.706 2.056 2.479 2.779 3.067 3.435 3.707 27 .256 .684 1.314 1.703 2,052 2.473 2.771 3.057 3.421 3.690 28 .256 .683 1.313 1.701 2.048 2.467 2.763 3.047 3.408 3.674 29 .256 .683 1.311 1.699 2.045 2.462 2.756 3.038 3.396 3.659 
30 0.256 0.683 1.310 1.697 2.042 2.457 2.750 3.030 3.385 3.646 40 .255 .681 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551 60 .254 .679 1.296 1.671 2.000 2.390 2.660 2.915 3.232 3.460 120 .254 .677 1.289 1.658 1.980 2.35:- 2.617 2.860 3.160 3.373 oo .253 .674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291 

•This table is reproduced from Table 12 of Biometrika Tables for Statisticians 
1, 1962, by permission of the Biometrika Trustees. 
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LOT  PURITY   F.STIMATION,   PART  2 ^,W£,bB(^.CX^W.'SA)\ 2 S£?T n 1      \ 

FOR>[ULA. 

AGENT  LOT  //     ^Yfllin 0 -;-? ~ 3 2 '5 rn::TAT\'r.:^ TYPK  /gb m^i 

RESULT 

_n_=—numbers.o-L-uncensorcd.-lines—on. part—L 

a^r^-total—of column- D-from part-J  

n = J3. 

a---_ ! fG3. /" ' 

Lb_H_tQ.tal_o£-Coliimn  E frnra-part  ]. - _b-^_7/r/ji^jir_; 

■^ = a V n iffizEj^' 

c = X X  a 

d  =  b -  c 

e = d  4-   (n-1) 

= v4 

,pr I   c = 7!3fQ.b-?l07 

Q =   \Wa.o'>i^3 

.^-^_J3.-ii^3._ 

s = ^:Q1M 

£rqbab_i-1;±ty_that' the  tru£ g =  conridencG  level;   the 
purity  of  the  lot  is  Jess  than  the  lov;cr  confidence 
_lijnit  LCL,  below.      (Value  is  set  by  ajoqlicy [^ 
decision.  normally  in]the ranrfe 0.100 to 6.001 

t              =  percentage point.obtained   from 
'""•'• t - distribution |  

tnples  of  the 

j a; n-1. 

1-^ = f V  /n 

.lCL-^JL_--g_ 

J'-I t-can.-b e-s tated jwith 41 
- this- -JLo t- jLs_D.o_J.es s -_thaa_XLCL ]_._!! 

3Qx.Ci=alJ_perce.Q-t;_cpnf_icLehce_that 

■ "It_can be- stated_with j 7*?    per.cent_„coni^idence_„t 
 ^this_iot_T.c;  no   less   taan   fl>2>'^X.  ." 

-Conditic5a_code_cxiteria..Jpr_];hi£_item_are 
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his   lot !is  CC-3.- 

g =   0,01  

-^a;^-i^=^^^' 

f = ^^ISi'i- 

-I _&-^_  ^ai:^ 

-LCL_= :'?i.3r2. 

the purity._pf. 

^a.E_the rturit_y_pf 

':}^JleQj3!£.V^^^t&nt, 
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USER'S GUIDE TO THE COMPUTER PROGRAMS FOR 
DETERMINING THE SERVICEABILITY CATEGORY OF CHEMICAL 

AGENT LOTS 

1. General 

This guide describes two FORTRAN programs for use in assiqninq condition 
codes to chemical agent lots on the basis of chemical puri?y!    ^^ndmon 

The first of these programs, the Censor Criterion Histogram program, 

llrsfal^T^l'rf1n''  ;' '' ''''''''.' '' '''"''''  ^^^^ f^°"^ chemical samp e pairs for selection of a censor criterion for pair differences  It is noi- 
to be used when a censor criterion has already been established, or when 

tested)! ''' "'"' ^""^'  °"' '^'""""^ ''''''' ''  t^^^" from each container 

The second program, the Lot Purity Estimation program, accepts paired 

co5:^oTrofa'n^ai;Ld.^°^'^""^^'°" '''''''' '^' '^^''^^ ^ ^^''^'^^^ 
2. Input Data Requirements. 

fnr ?h!^^°^^"''/^'^u'•'"u ^^^ ^^^^^  ''"P^^ ^^t^' ^'^ identical fomat, except 

0? th?s nrsJ card'is:'  ""'''""' ^'°'''" '°"''°^ ^'''- ^^^ descHptioK 

Card Columns      Format Data Description 

1-5 15 

5-10 15 

21-30 FIO.O 

41-50 FIO.O 

number of agent lots to be 
processed. 

read by histogram program only; 
enter a 1 in column 10 if a 
printout of the data is desired; 
otherwise leave blank. 

read by purity estimation 
program only; enter the censor 
criterion. 

read by purity estimation 
program only; enter the alpha-level 

Card columns not listed are not read by either program and may be left 
blank or contain any information the user wishes. 

of J!S^ ^^* of data representing one lot of agent is punched on a deck 
of cards consisting of a header card identifying the lot and one card 

as' 'fonows: ""'' '°''''''' '''''''    '''  descriptions, ofthese cards are 

23 



header Card 
Card Column Format 

1-20 5A4 

26-30 15 

41-50 FIO.O 

51-60 FIO.O 

61-70 FIO.O 

Data Card 
Card Column Format 

1-5 15 
11-15 15 

16-20 

31-40 

41-50 

IS 

FIO.O 

FIO.O 

Data Description 

Alpha numeric data identifying 
the lot 

Number of data cards following 
(no. of containers tested) 

Level of purity separating CC-A 
from CC-B 

Level of purity separating CC-B 
from CC-C 

Level of purity separating CC-C 
from CC-H 

Data Description 

Sample number 

Laboratory number for the "A" 
sample 

Laboratory number for the "B" 
sample 

Purity of the "A" sample 

Purity of the "B" sample 

The complete data deck for either program consists of the first card, 
followed by header card and then data cards for the first lot, header and 
data cards for the next lot, and so on for all lots being processed. 

3. Output. 

Output of each program is designed to be similar to the worksheet for- 
mats of the manual procedure. The histogram program gives as an output 
a tentative, or proposed, censor criterion. The user may accept or override 
this selected value (the user must subsequently punch a value onto the first 
card, before running the lot purity program). 

4. Unpaired Data. 

If it is desired to analyze data from tests in which only one sample 
was made from each container tested, the user must decide whether to per- 
mit censoring of extreme values. If censoring is to be permitted, the 
purity data should be entered as an "A" sample, with the "B" sample left 
blank. If censoring is not to be permitted, the purity data should be 
punched as identical values for both "A" and "B" samples, and the user 
must make certain that a censor criterion greater than (not equal to) 
zero is provided. 

5. Any questions should be directed to Mr. Richard Heider, DRSAR-SAM, 
extension 3167. 
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EXAMPLE OF RESULTS FROM THE 

CENSOR CRITERION HISTOGRAM PROGRAM 

Next page is blank. 
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