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The development of the present radioamssay method is given-and the present
procedure is desoribed. Because of the use of improper values of the specific
alpha activity, the reported radiosssays on essentislly pwre plutonium solufions
l'm.re been in error by as mucn as 6% on the average. However, when these
radioassays are corrected for tho isotopic composition of the plutonium,

their probable error is found to be 1076%. Radioassays on solutions simu.
lating the P=1 and P=3 outs ususlly submitted from the "B" purification processl)
and on a basic solution simulating those that are ususlly disposed of in the
waste storage tanks indicated that probable errors of about 11;»7%, 2ol %,

and 19.1 %, respeotively, could be expected on these solutionse Production
data, indicating the use made of the rsdicassay method by various groups, are

givene.
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11y . .
RADIOASSAY OF PLUTCNIUM
INTRODUCION Jen ot o d

UNCLASSIFIED

Plutonium ie an extremely expensive and hazardous moterialy
these facts, coupled with the desirability of knowing how much plutonium
is where on & purely operat;onal basis, made desirable a rapid micro method
of estimating plutonium concentration in various solutions. Plutonium’s
property of dedomposing by alpha ;arbicle emission at the rate of»w;uo,ooo
disintegrations psr minute per microgram seemed to be the most likely ono
on which to base such a method of estimation. A method based on this property
should be rapld, since the plutonium should not have to be separated from
other constituents of the solutions. Also, because of the maguitude of the
specific activity, the operations would have to be done almost by necessity
on & mioro basis. Consequently, the procedure for estimuting plutonium
concentration in various solutions by determining the alpha activity of small
aliquots was developed, und the nume radioasssxy was given to the prooess.
The procedure consists of taking aliquots (yhich are usunlly diluted and B
re-aliquoted) of the solution to be assayed and evaporating them onto microscope
cover glasses which are placed in a chember of a linear amplifier wnd counted.

Practically the entire development of the radioassay methed has
been centered about the facilitating of the procedure and the minimizing
of the errors connected with it. The errors thut are encountered are:
the error introduced by the statistical fluctuwtion of the rute of aiphn

particle emission by a small emount of plutonium} the self-absorption of

alphas by the plutonium and the ubsorption of alphas by the other constituents

of the samplej the error in the coincidence correction to be applied to an

observod number of counts por minute due to the ooccurrence of two or more
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theoretically countable disimtegrations in a time interval too small for

the linear amplifier to respond to each alpha producedg counting errors
introduced by the imperfect functioning of the linear amplifiers; the error

"in the specific alpha activity of the plutoniﬁm: and the errors introduced by
the aliquoting -= srrors in pipet and flask calibrations and in the actual
performance of the wliguoting operations, and errors introduced by contaminated

glassware and reagentso The treatment of these errors is discussed in the

next several sections.

UNCLASSIFIED
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DEVELOPMENT OF THE METHOD

Dilution: As stated in the introductiom, safety, ecomomy, and convenience
considerations mede desirable a micro method for the estimation of plutonmium,
and, by the very natufe of the property om which it dépends, the radioassay of
plutoniuwa is & mioro method. Because ofAthe magnitude of 1ts speoific activity,
the amount of plutonium sactually slphs-counted in a radicassay rarely exceeds
half a microgram, more frequently being of the order of a fiftieth of &
microgramo

Originally, the problem of putting approximately this amount
of plutoﬁium into the linear amplifiers from solutioms of various concentra-
tions wes handled by using pipets varying in size from about 10Ato 200,}\0
The procedure at this time consisted of mounting an aliquot of the sample
directly onto a small plece of sheet platinum, which was heated to & 1ight-
orange color in & Mischer burner to remove as many of the other constituents
of the solution ss were volatile at this temperature. Occasionally it was
found that the plutonium concentration was too great for even the smallest
ullquots to be counted in the linear amolifiers, also, on occesions, large
amounts of salts were left on the platinum counting 81ips even after tae
ignitiones. Therefore, it becamo evident that the initiel sliquots must in
many cases be diluted, tliquotg of the dilute solution then being ovaporated

onto the platinum slips for countinge

T T T T T e T LT T —
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At about this time the job of decontaminmating the platinum slips
was becoming overburdening because of theiincreasing output of radioasgayg.
Consequently, it was desirable to switoh from platinum to glass slips, whioch
could be discarded after one usage. The ﬁse of glass would prohibit the use of
an ignition to remove fairly volatile sal?g from the slip before the counting
took place, and so the amount of sults preseat on the slip would be a more
constant problem. Also, the use of glass would undoubtedly lower the specific
sotivity (im recorded counts per minute pér microgram) beocause of the difference
between the scattering powers of platinum and glass. These considerations made
necessary some research to investigate the specific activity on glass slips
and to determine the magnitude of the absorption of alphas by salts on the slip.
There vas not time to get enough data to bg more than merely indicative of

the effect of salbs. Up to approximately 300 micrograms of salts on the

counting slip, the plot of the absorption of the alohas closely followed the

curve
1/2 ‘
A= 10% s . (.l-)
’
where A is the percentage absorption, end v is the amount of salts in microe

gram8 on the slip.

4 systematic plen for diluting the solutions to be assayed was
needed ws o time-saving device, if nothing else. The plan shauld take into
account the statistical nuture of the counting and the abgorption error introe
duced by other salts on the slip. Also, a method for determining the comprtie

bility of the counting results on the two: aliquots taoken for emch assay was

desiradble, and so the following was done. The upper limis; Eof';:hé co‘.ipa.yilsle

deviation of the two results was set as being equal to the s o8 tuloesthe.

standard deviation of the counting results and the percentegésabssrpficws ofd
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elphes as found in equation 1. A tene.ninute counting interval was assumed,
and so, expressing the maximum percentage compatible deviation e D, the

sguution

D =157 + 2 ° 100/, TOF (@

was obtained, where r ie the counting rate. Defining the dilution

factor, f, as the size of the dilution mide divided by the size of the a]iqgot
mounted sn the counting slip, denoting the salt concentration of tae sample
by s, the plutonium ooncentration~$§‘ p; and the specific activity by a,

end making the appropriate substitutions, 2 becomes

1/2 f..1/2 -1/2f1/2

D=1.5s + 0211 p . (3)

Minimizing D with respect to £, one finds that the dilution factor yielding
the smallest maximum compatible deviation is given by

F = 6.2 8zx/apvx/e . W
Obviously, it is desirsble thnat the deviation between the two aligquots counted
in a radioassay should be a3 small s ppssible, and so the dilutions are made
according to &.on the basis of the estimated concentrations of the plutonium
and other salts in the sample. In order to have s systematic method of mmking
the desired dilutions, it was decided to use 30 A pipets throughout and to
vary the flask size appropriately. The accompanying dilution cha;t, Fig. 1,

on which the means of obtaining the desired dilution is dlagrummatically shown,

was made and usede A limitation on the dilutions was imposed, however. When

dotached from the 8lip and to fall off in the linear umé}%i::.’.%r iahaﬁﬂoeés,.‘there-

the amount of salts on the counting slip exceeded 100 v, they tended to become
e © ® [ ]

by contaminating the jetter. Consequently, regardless ofepig§ tige, ohart o

mmfﬁerasm—
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indicutes, & sample is alvays diluted in such a manuer that there are

less than 100 y of salts on the slip. In connection with using the

dilution chert, the practive of never esfimating the total self comcoutration
as being less tnan twice the plutonium oéncenﬁration has been establishedo
Fig. 2 shows the absorption error allowed as a function of the salts on the
counting slip. To reduce the time required for the caleculation of the

rosults of the assays, charts were made showing the dilution factors obtained
for the various combinetions of plpets and flasks.

Pipets, counting stips, and flasks: In the beginning when no fleasks were

used, the pipets ranged in size from sbout 10/hbo 200 . Theoy were made
by drawing out ordinary glass tubing and murking the capillary at the desired
height with a diamond pointed stylus. The pipets wure filled and discharged
by inserting into the large end a cork attached to thin rubber tubing which
vas held in the mouth, tne necessary changes in alr pressure being made by
the resoiratory asystem. The pipets were calibrated in The manper that is
still in use by filling them with mercury and weighing them on an Ainsworth
BCT {analytical chainomatic) balance. The tips of these pipets were not fire
polished due to tho thinness of the ocapillary walls.

At tho time that tha dilution systom was establishod, it was
deocided to use pipets all the same size and for safety reasous to use a
syringe instead of &he mouth to £ill and empty thems Misoo pipets were
tried but discurded, because they would not reach far enough into the

volumetric flesks. Then it was decided to draw~ 30N plppis cutsof Qompesddally
. [ L 2] [ ] o [ [ ]

wade blanks as shown in Fige. 3. The thicker walls of the capillary perultted

) ) .'. : : 00: .o. o.: .o:
fire polishing the tip and incremsed the 1ife expectancy ofstre Hipdt.,] Zhy

e e— e
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The fire-polished tip wes more resistant to chipping, and, furthermore, one
could tell at a glance if the tip had been chipped. The meuns of operating
the pipet vas provided by imserting into its large end a cork, tarough

which was an end of a piece of fine rubber tubing which was fastened %o

& BoD Tuberculin Syringe by means of a Vim Hypodermic Needlé that was

blunted to prevent cuttipg the rubber tubling. The outside of the tip end of
the pipet was coated with Uniwax.so that the squeous solutions used would not
cling thers.

In use the pipet and its syringe are held in ome hand and the
container from which the pipet is filled is nheld in the other. A hand lens
mounted on a ring stand is used by some operators to aid them in placing
the meniscus at the mark. The pipet is.discharged into a flask for dilution
(or onto a counting slip) and is rinsed: out by removing the cork from the
pipet, putting three or four drops of SN HNO5 into it, replacing the cork,
and blowing the acld through the pipet into the same flask. In between uses
the pipet is cleaned end dried by drawiung through it in a wacuum ﬁype pipet
washer concentrated nitric acid, wuter, apetone, and air.

The counting slips originally were small sheets of platinum about
an inch square. On these the aliquots to be counted were mounted and ignited.
In vetwsen usages the platioum sllps were deconteminated. They were first
rinsed in water, then immersed in hot concentrated sulfurio acid and then in
hot concentrated nitric acid. This treatrent did not alvays decontaminste the
8lips emough to permit their reuse, and so potassium'pyrosulfata fusions were
tried with not much more success. A switch from platinum to glass (with a

corresponding modification of procedure as described sbove) seeied to be in

order, and so, after some trials and discussion, number 2 microscope cover

e e e e e e —
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glasses were adopted for counting slips. Prior to their use the cover glasses
are cleaned in hot nitric acid, distilled wabter and acetone, and are dried on
sheets of Kleenex. Then they are nut on a piece of Kleene;x in Regent Cigarette
boxes, where they are kept, whem not in use, until after they huve been counted.

"hen the dilution system vas established, it wes decided to make
use of l-, 2-, %=, 10=, 2%, 50-, and 100~ ml volumetric flasks. No ocalibrated
flasks under 25 ml could be obtained, and so tae l-, 2=, G-, and 10- ml flasks
were calibrated by the radioassay group before being used. Up until very
recently the flasks were calibrated by filling them with weter from e calibrated
drain-out pipet. Recently, mercury has bteen employed in the calibrati.on.
A volumetric of +t..e size in question vas calibrated by filTing it with water
and weighing it on an Almsworth BCT balapce. Then the volumetric vas filled
with mercury and the mercury was poured into the other flaskse. Occasionslly
it was poured baok into the water ocalibrated flask to make certain that its
volume had not changed through spilling or thermal expansion.

After each assay the volumetrics were given to the recovery
zroup for emptying. Thelr cleaning was done by the radioassay group. At first,
taney were given a water rinse, allowed to stand for half san hour wita cleaning
solution, gives two rinses with. cl eaflin_g solution, then several rinses with
tap water, and were fimally rinsed o;;t with distilled water. To verify the
decontamination of the flasks, several drops of the distilled wabter that re-
mained in ecach flask when its contents were poured ~ut were draincd from it
onto a mieroscope cover glasg, which, when dry, was counted for two one minute
intervalss If more than eight counts were recorded during either minute on a

le, 2«, 5=, or 10~ ml flask, the flask vas recleaned. Fifteen counts per

BT | E—
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minute were allowed for the Jurger sized flasks. The cleaning solution

rinses were %tliought to be not as efrective as desirable due to the rather
large number of volumetrics that had to be recleaned. Conseqnently; various
other procedures were tried until the present method was adopted. Now,
after the plutonium solutions are poured out by the recovery group, the fiasks
are rinsed with tap water und tihen allowed to stand for twelve hours filled
with concentrated nmitric weid, whioh is emptied into glass carboys for
subsequent use as a reagent by the recov.ry group. After tne nitric acid
bath, the flasks are rinsed out with water and allowéd to stand for twelve
hours filled with a saturated sodium c¢itrate solution. The sodium citrste
solution ie poured down the simk, and the flasks are rinsed with distilled
wuter and checked for contamination as described above.

Counting and the specific alpha activity: The aloha counters have ualvays been

air chamber and nitrogen chamber Jiosar amplifiers. A% First the air chamber
anplifiers were extremely sénsi?ive to sound and vibrations and the utmost
oaution was required to use them satisfactorily. Consideradle improvement has
been made in their design, howsver, aund they may new be used with no more tamn
a nominal amount of cers. Coincidence curves lmve been made to correct for
the effect of two or more alphas' being discharged into the chamber in a time

interval too short for the amplifier to resolve the individual pulses. The

practice of Iimiting samples for the air chamber amplifisrs to those of

3,000 counts per minute or 1ess wes established; the nitrogen chamber amplifiers
are probably not too reliable at more than 100,000 counts per minuts, but,

in practice, this figure is not even approached. Counting slips with more than
UO0 counts per minute are counted for two four minute interwals. Counting slips

with less than LOO couats per minute are counted for two sight minuts intervals

" $o obtain smaller counting errors. For each assay (two countins sl i'osi a
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determination of the background (observed counting rate with nothing in the
chamber) is made and a standard is counted to make certain that the }inear
amplifier is functioning properlye Tne standurds ere aliguots of a plutonium
solntion that have been dried on pletinum slips, which have been evaluated
by being counted for long periods of time on various amplifiers. A special
bullding was constructed for tue couuters, us it was found that there were
too many interferences to thelr satisfactory performance in the laboratory
building. The details of the coincidence correction curves and of the ampli-
fiers will be given in a forthooming recort by Se R. Chudwicke.

When platinum counting slips were used, « specific actlvity of
71,000 counts per minute per microgram, determined at the HMetallurgical
laboratory in Chloago, was used> When glass slips began to be employed, the
specific activity was lowered to 63,500 counts per minute per microgram on
the btasie of the counting rates obsorved when the same size aliquots of Pu
wore counted on a couple of platinum und on a coup1§ of glass slips. The
impression was gained over a period of time that the speoific\activity-vms
about 1% low, and so soms experiments were performed,e) the results of which
caused tne adoption of the value éaohooicounts‘per minute ner nmicrogram.
A% about this time the Banford vile went into operation and began to producs
plutoniumn with increasing amounts of isotopes 238 and 240 with a consequent
increase in the specific activity. However, until very recently no correction
has been made for the isotopic composition oi the plutonium and the value
63,400 nas consequently been in error by as much as 6% « At the present time
the value 73,000 ocounts per minute per microgram has been adopted'as the basie
value of the specific activity, and Fig. & has been preparsd so that those who

so desire may correet the radioassay results eccording to the amount of

8 la-lhe
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irradiation their sample has receivedo

PROCEDURE

The sample to be aesayed is submitted to the radioassay group
in a small stoppered vial or in a small (4 ml) test tube, which is supplied
by the radioassay group for ths purpose, along with a request sheet, Fig. L,
on wnioh Ehe blanks for estimated total solids comncentration, estimated product
concentration, sample number, date, and name of the person submitiing the
sample are filled im. K The dblanks for volume of sample and description of
sample may be filled in at the submitter's disoretion.

Making use of Fig. 1 the amount of dilution is determined and
indicated on the request sheet. Two aliquots, taken with dilferent pipets,
are each discharged into volumetric flasks. The aliguots are diluted to the
marks with SN BNOB, upless some other dilutant is specified by the submitter,
and an aliquot of each solution is placed on a counting siip. (If the
estimated concentrations of the sample are appropriate, tne first aliguot is
mounted directly onto a counting slips Also, it is sometimes necessary to
redilute the second aliquots and to mount the third ones on the counting slipso)
Before the aliquots are put on the slips, the latter are dusted off with soft
brushes and are lebeled witih the assay number using ordinary fountain pen ink.
The numbered sides of the slips are put down on hot plates kept at about 30° co
Then the aliquots are dried on the slips, and the slips are placed back in
the Regent Cigarette boxes, which are labeled with the assay number. The
volumes of the pipets used are indicated on the request sheet.

The counting slips are subsequently counted and the appropriate

blanks on the request sheet are filled in. The calculations are checked on a

calculating machine, and, making use of the chart showing the dilution factors
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for various combinations of nipets and flasks and of Fige 2, the remainder

of the blanks on the request sheet are filled in. The product concentrution,
estimated error, deviation, and other blanks of Fig. 5, the report sheet, are
filled in and given to the submitter of the aasay. If the results nf the assay
meet his approval, the request sheet is filcd and the sample is sent to the
recovery prouwp. If theo results do not meet his approval, the masay is re-
peated. The usual criterion for the acceptability of a radioaszay is that the
observed deviation be not appreclably greater than the sum of the counting
error and the absorption error. Regardless of how sma)l these errors may be,
a deviation of 2% or less is considered acceptables After each assay, the
counting slips are disposed of in a storage bottle for that purpose, and the

Kleenex in the Regent Cigarette boxes ls changed.
ACCURACY

Bssentially pure plutonium aalt solutions: An lnvestigation of forty radio-

assays (see Table I)run on essontially pure plutonium salt semples, which had
received a known amount of irrrdiation und which had been assayoed by the chemical
titration method, indicated that the radiosssays averaged 0.76"/% lower than

the chemical the chemical titrations, with a probable error of a radioassay of
1&77;- A prelimivary investigation iunto the cause of this discrepancy indie
cates that the radioassay group's pipets may be miscalibrated about Do}ﬁb'too
high on the average. If the oipets are this high on the average, on this
particular set of assays the average radicassay would be 0.06%% lowsr than the
chemical titrations and the probable error of a radiocassey would be 106% o

Solutions with other constituents: Solutions simulating the P-1 and P-3

assays submitted by the "B" purification process operators and a basic solution

| | —
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simlating those that are disposed of In the waste storage tanks were made

in such a manner that the alpha counting rate would be known if there were

no other salts present. T'his experiment did not take the specific activity
into aceount, but in order to express the plutonium concentration in grams

per liter the value 69,400 ¢/m/v was used. The P-1 samples were made by
putting &0 g Ca(N05)2ﬁhﬂéO, 1.6 g NaNOB, 6.8 g NaBr03, 8oL g H,80, , 6.6 g
HNOa into enough water to make a l1iter of solutions The P-lA assays contained

about 0.01 g1 of Pu. The P-3 samples were 1.25M HENO_, 0.107¥ HI, 0,0354

3’
BI,, and 0.078M H,G,0). The p-34 samples contained C.1 g/1 Pu and the F-3B
samples were about 0.02 g/a in Pu. The basioc, C, solutions were made by

putting 170 g ¥aNO,, S8 g NaCY, LO g NaOd, LO g NaéAI 0, and~90 g KQSOh into

3* 2L

enough water to'make & liter of solution. <The C4 solutions were about 0.001

¢/1 in plutonium and the CB solutions contained about 0.0002 g/1 of plutonium.
These solutions were submitted to the radiocassay group as resgular

assays. Five operators did two assays eacn on each of the six solutions sub-

mitted. The plutonium concentration was estimated es Leing 0.02 g/1 for the

P-14 and P-1B solutions, 0.05 g/ for the P-3A and P-3B solutions, and 0.0005 g/1

for the CA and CB solutions, and the solutions were diluted on the basis of these

figures with the exception that the dilution of the C solutions was directly

from Fige 1 with no limitation placed on the amount of salts that would bs on

the countiag slips. The oriterion for the acceptability of these assays was

that the observed deviation be less than the sum of +the counting error and

the absorption error. Of the 60 assays submitted, 13 were not acceptable

(although one was not reveated and was not included in the data); 0f the twelve

MENNNSSNwseaVISSWSSSSRS T o
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thut were repeated, three had to be rerepeated. The results of the
acceptable assays in terms of the percentuge of the amount of »lutonium
put into them is shown in Tuble II. On the basis of these results, the
probuble error of a radioassay on a P-1 type solution appeurs to be

1}407%, on a P=3 type, 2.)4%, and on a C Type, 19.1 %.
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Table I
Lot number Chenical tarts per Specifiec Radioussay -% differencs
Titration milVlion L9 Activity between
in U slug titratlon and
radicassey
3GH 15506 158 72,000 1566 0.6
nn 15l.4 153 71,920 153.1 0.8
L2H 149.2 154 71,950 158.2 "7
Lz 150.4 149 7,37 153.0 17
I,[IIH .!";206 1'-)1 71,900 1"-)307 ~0c7
L5y 153540 149 71,375 15462 0.5
Li6it 1543 156 71,825 15%.9 0.7
LH 177 4 139 71,720 149.4 1.3
L8x 15447 138 71, 700 15265 1.4
LgH 153.7 110 71,730 172,89 0.6.
821 - 1R1.4 213’ 72,9%0 150.3 0.7
834 - 150.9 200 72,750 1%3%.0 11.2
3L 1L9.2 203% 72,730 1,8.% 0.6
851" 1L5.4 200 72,700 146.2 ~0.%
864 119.6 193 72,575 147.4, 1.5 .
87H 149.0 194 72, 600 147.5 1.0
88ii 15003 191 72,550 15549 ~%eb
89H 15061 193 72,650 151.2 «0e7
J0H - 1L8.4 206 72,300 14600 1.6
o134 1,93 189 72,500 1L8.1, 0.9
130H 14667 217 72,970 151.6 %2
1%1H 149.6 213 72,900 146.4 202
1324 14363 206 72,800 115845 2.6
1531 15166 209 72,830 174 2.8
1344 1455 200 72,700 1id,.2 0.9
1354 149.6 205 72,780 148.8 0.%5
1364 115.5 205 72,780 1413 2.6
1%74 148.1 210° 72,850 1507 1.6
1381 148.7 210 72,850 118.5 0.1
1394 150.5 208 72,825 1502 0.2
1731 1499 228 73,150 118.9 0s7
7hd . 150.1 22} 73,075 148.0 Joly
1755 150.2 a2y 73,100 150.% 0.2
176H 150.3 234 73,250 14363 Qa7
177H 147.0 2k0 73,370 1,5.0 1.4
178w 1160 251 73,525 112.1 27
179K 142.7 251 73,5(25 140.5 1.6
187 H 1471 236 7%,275 1159 0.8
1321 14,8.0 238 7%, %00 147.7 0e2
1844 15L3.8 262 7%,700 144742 1.3
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Results of radicassays in terms of percentage of
known Pu concentration

Pa34

Operator P14 P-1B P=3B CA CB
A 10%:6%  131.7% 101.0% 99.8%  91.0% e8.3%
99.2% 108.9% 101.4L7% 99.2% 830570  awee
B 101.8% 106:6 % 102.9 % 1oo°6% 89.172 15509 /o
BL% 122.2% 96.3% 10467 8L 93.5 %
¢ 106.5% 122.4% 100.4% 102.7%  86.07 117,06
102.8% 115.0% 100.3% 103.17%  87.L% 137.6%
D 105.6% 118.4% 96-7% 102.9%  uh%  7he3 P
98.6% 132.9% 100.7% 102.1% 102.6% 56.0%%
E 113.8% U5% ko % 98:99%  9heb%  159.2%
113.6% 19.5% 90% 91%  97.7% 1TL%

4

The P-l's were diluted in 25 ml volumetrics which resulted
in counting slips with aporoximately 20y of salts and an absorption
error of )4-6Z. Counting rate on P-1A's:~125 ¢/m; counting error:~L.6 %.
Counting rate on P-1B's:~-25 ¢/m; counting error:/-'lo.oz.

The P=3's were diluted in § ml volumetrins which resulted in
counting slips with approximately' 1«3y of salts and an absorption error
of E.OZ. Counting rate on P=3A's:~1,300 ¢/m; counting error:~2.0/ .

Counting rate on P-3B's:~260 o/m; counting orror:~3.l4%.
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Table II (Continued)

The C's were diluted in 2 ml volumetrice which resulted in
counting slips with approximately 175r of salts and en absorption error

of 19.6Zo Counting rate on CA's:~30 c/m; counting orror:fvl().ozo

Counting rute on CB's:~7 o/m? counting error:~20/'{.
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PRODUCT ION

Since February, 1944, the radiocassay group has done aover 3500
assays. L‘he following table shows the number of assays done for the puri~
fication and recovcry sections, for the anmlytical pgroup, and for others

during the fiscal year October, 19Ll;, to Sentember, 19.5.

ﬁonth Purifi- Recovery Analytical JMiscela Monthly
cation lansous Lotals
Oct., 1Skl 53 111 : 19 8 191
Nov. 55 83 15 1 1sh
Deco L' 86 22 23 175
Jan., 19L5 L6 131 | 10 26 213
Feb. 116 1,8 20 50 334
Mar. 118 120 2 n 350
Apro - 58 & 98 1 235
May 157 101 18 12 288
June 282 62 20 3 367
July 209 L6 39 35 229
Augo 280 39 6 25 350
Sept. o 17 2 78 97
Totals 1,418 1,009 290 346 3,063

Of the 3,063 assays dons during this period }2l; had to be repeated.

e S e —
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PRODUGT CONC. g./1. A., p .
EST. ERRCR 4 SAMPLE #
DEV. 4 DATE

NAME _ .
VOL. OF SOL'N ml .
DESCRIPTION _
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