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Progress of Liguld Vaste Disposal Studies

introduction:

Methods of liguld waste disposal now in use at AL
installations were developad to minimize the dangers involved
during the formative years of atomic research. Organizations
concerned with the research and development progrsm have been
acutély aware of the short-comings of waste disposal metﬁods.
Until recently, howaver, other major problems have limited the
tiﬁe available for studies on more satisfactory methods,

The Committes on Liquid Waste Dispogal recently pre-
sented an over-all program for exploring all kxnown or possibles
methods of liquid waste disposal at AZC installations. It was

recommanded that each installation study the aspects related to

their problem. The immediate local problem consists of devel one

Ing a method or process to reduce the concentration of nlutonium

In waste liquids far enough below the tolerance level to perm!

dlscharge without creating surface or sub-surface contamination.

In Apvil, 1948, a cooperative research programn was
initiated involving the following agencies who formulated th
pProgram now Iin progress:

Inited States Public iiealth Service

University of California

A.5.C., Cffice of Santa Fe Operations
Lavoratory studies were started in October, 1948, on

the »osaibilities of ntllizing biologleal processes {activated

N
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éiudges) for concentrating and removing plutoniwi from liguid

wastes,

Summazx of PrOgresst

1. The tolerance limit of plutonium in 1iguld wastss
"has been described as 0.01 mierogram per liter. DBy the use of
activated sludges it 1s hoped to remove plutoniuwm from the ligquid
so the resulting effluent will contaln less than 0.001 nmicrogran
per liter. HResults of radio-analyses Iin this report are stated
in alpha counts per minute in which one microgram of plutonium
13 equivalent to about 70,000 alpha counts per minute or 140,000
disintegrations per minute. The "spikes" referred to in this
paper consist of plutonium dissolved in acid solution.

2. A serles of two exploratory experiments were per-
formed in October and November 1948, to determine if activated
sludge would effect any removal of plutonium from liquids., In
the first experiment seven liters of mixed liquor was spiked
with 553,000 counts (7.9 micrograms) of the material. After
an aeration period of 20 hours analyses of the supernatant showsd
a reduction in plutonium content of approximately ©5%. In the
second experiment five liters of settled raw sewage splked with
97,800 counts ver minute per liter (total of 489,000 counts per
minute), were added to three liters of activated sludge. At the
end of 2 hours and %3 hours seration periods the supernatants
were examined for plutonium. This process was repeated dally

for 5 days until the total addition of platonlum was 2,445,000

s
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counts per minute (about 35 micrograms). Thess analyses sub-

stantiated the results of the first exploratory experiment,
giving 96% removal after 2 hours aeration and 997 after 23 hours.

3. The exploratory investigations showed that the
procedure described by Langham (MDDC-1555 USA&E)i%sed for the.
determination of plutonium in human urine was not directly ap-
plicable to the determination of plutonium in activated sludge
effluents. A subsequent study of analytical methods resulted
in a modification of the above procedure for application to
activated sludge effluents., Forty-three replicate sampleg were
analyzed using the modification, A statistical analysis of the
data indicated abéut 85%rrecovery of plutonium in the samples
with & probable error of plus or minusé&éﬁl»per cent, Appendix 3
of thls report contains the modified procedure with supporting
statistical datsa.

4. A second experiment was run using the modified
analytical procedure., This experiment consisted of spiking 5
liters of, sewage with about 500,L00 counts per minute of pluton-
lum and adding the spiked sewage to 3 liters of activated sludge.
Sanitary characteristics of splked sewage averaged as follows:

Blochemical Oxygen Demand(BOD) 205 ppm

Suspended Solids 135 ppm

pH Ha0
Samples of supernatant werec analyzed after 3 hours and 23 hours
aeration. This process continued for 11 cycles untll the total
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“amount of plutonium added was 5 719 000 oounts per minute.

nlsome cases the 3 hour sample was missed. During holidays
:‘fiand week-ends sewage feed and plutonium were not added. During]‘f
‘;fthe experiment there was no attempt made to control any factors(i,:H
kpertinent to.a tivated sludges except aeration period.~ Results Vi
‘kiof radio-analyses‘and partial sanitary determinations show the‘

‘:following pattern.~‘k

a, ~Efficiency of plutonium removal increased

‘after the 6th spike.( After the Qﬂh spike‘i'
‘the . mixture was aerated for 48 hours show— -

ping a rurther increase in removal efficiency.

f,Aeration continued for 72 hours after the

loth spike which again showed higher removal
efficliency.

_o;iof | Counts per minute per liter remaining in filtered supernatant i
spikes 3 hrs.aeration 25 hrs aeration 48 hrs.aeration 72 hrs.aeration

Lk

2100 435

2400 530
5eoo, . 2150
L 2000
13300
6000

5600

- 4950

2100
b. Results of analyses Of‘ﬁnfiitered supernatant

samples shoWed‘the effect of suspendesd solidsk

carry-bver. These analyses, made on the 3 hour
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sanples, showed from 5 ppm to 10 PPM suse
pended solids. The concentration of plu-
tonium remaining in the unfiltered effluent
varied from 2% to 28% higher than in the
filtered effluent.

¢c. DPH showed no definite pattern on removal
efficiency although this factor should be
Investigated,

d. Concentration of solids in the mixed liquor
varied from 1500 ppm to 2500 rpm with an
average of 2180 ppm.

e. Longer seration periods with no supplementary
food indicated higher removal efficlencies,

f. Average BOD removal in the supernatant was

as follows:
3 hour samples 73%

23 hour samples 88%

It 1s indicative from this experiment that careful
and complete sanitary analyses should be carried o concurrently
with the radio-analytical work, Gbntrol should be exerclsed over
the variable sanitary factors in an effort to determine the type
and characteristics of sludge, quallty and quantity of food,
volume of air, pH, etc., best suited for removal of plutonium
from liquid wastes., Part of this data can be obtained from
laboratory bottle experiments and part from pilot plant operation,

5. The previous experiments indicated the need for at

least twe stages of biological treatment. An experiment is in
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progress using spikes of 12,000 counts per minute per liter as
the anticipated conceﬁtration of plutonium in the second stage,
Partial data show 95% removal or about 600 counts per rninute per
l1ter of plutonium remaining In the 24 hour infiltered supernatant,

uture Plans:

1. During the week of November 29th, Dr. C, C. Ruchhoft
of U.5.P,H,3, and MNr. G. R. Scott of Black and Veatch, Consult-
ing Ingineers, conferred with personnel of the local project. An
analyslis of data avallable at that time indicated the following
plan should be carried out for the 1immediate future:

a. Continue studies on the second stage wilth
the 12,000 counts per minute per liter dosape,

- b. Bun a third set of experiments using spikes

comparable to first, second and possibly third
stages of treatment, Analyze the effluents
after 6 hour and 24 hour periods of aeration
Including more complete sanitary analyses.

c. Initiate a series of experiments using actual
plant wastes.

d. Study the chemical characteristics of olant
wastes, .

2. Deslgn of a pilot plant was discussed with lr. Scott,
It was decided that the deslign should accomodate the entire Tech
Area plant flow. In addition, plans were discussed for providing
ample laboratory space to carry out all analytical work in conn=sc-

tion with these studies, pilot plant control, and water treatment
CLASSIFICATION CANCELLED (N8 CHANGED) TO e

8Y ALTHORITY OF 27 4’{42»&’ -
5 C.. Mrmw»f,dwf

DAEW.Kiéé:df%fmwmw




studies at the slte of the pilot nlant. March 1, 1849 was
set as the desirable completion date for the pllot plant,

The attached flow sheet for the pilot plant was prepared by

Dr. Ruchhoft. (Appendix B).
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Appendix A

Determination of Plutoniun in Activated Sludge Lffluent

The procedure to be described 1s the result of studies
made to adapt the procedure described by Langham(l) tc the de~
termiriation of plutonium 1in activated sludge effluents. The
trocedure finally developed requires less work per determination,
end should be less subject to iInterference by ordinary minersal
constituents than the Parent procedure. Also, the recovery of
rlutonium obtained appears to he slightly higher than that Obw=
tained by Langham and his co-wcrkers,

Frocedure for the Determination of Plutonium in Activated Sludpe

Sffluent and Otherp Wasteg:

Reagents:

Eydrochloric Acld, concentrated,

Hydrochloric Acid, 10%

Sulphuric:Acid, 20/

slethyl Violet Indicator {saturated agueous solution),

Perric Chloride Colution, 1 mg of iron per ml

Cupferron - 63 aqueous solution, not over 5§ days old

and kept in refrigerator,

Chloroform - C. P,

Lanthanum Nitrate 0.41 /100 cc in 0.1 normal hydrochleoric
aciag,

Perchloric Acid - 703, c.»r,

Mitric Acid - concentrated C, P,
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Hydroxylamine Hydrochloride - 20% in distilled water,

Hydrofluoric Acid - concentrated.

Hydrofluorle Acid - 0.1 normal.

Ammonia - 504, C.P,
fpparatus:

Infra-red lamps and appropriate supvorts and explosion
shields,

HYlectrically heated oil bath, with variable transformer
control,

Centrifuge.

Alpha counter.

Procedure:

Acidify a representative sample of a volume of 1 liter
or less with a few ml. of concentrated hydrochloric acid. Con-
centrate the solution to 2 volume of 100 ml. or less by evaporation
on an electric hot plate., If the sample chosen has a volume of
100 ml. or less, the addition of the hydrochloric acid and the
concentration may be omitted. After the sample is reduced to
a volume of approximately 100 ml., transfer quantitatively to
a porcelaln casserole (Coor's 3A is satisfactory). Rinse the
flask used for concentration with several small portions of
boiling 104 hydrochloric acid, and add the rinsings to the
sample in the casserole. Add 1 ml. of 20% sulphuric ascid so-
lution and an addftional ml. of the same solution for each 200
ml. of original sample volume. (These quantities have been

found tc work well in the case of activated sludge effluent, )
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If the sample does rnot centain substantial amounts of car-
bonaceous material, add 1 ml. of 10% glucose solution,

Using an Infra-red lamp, evaporate the sample until
dense fumes of sulfuric acid appear. If the sulfuric acid fumes
‘do not appear, molsten the dry sample with 20/ sulphuric acid
solution and carry down to fumes. Continue to heat the sample
under the lamp until the evolutlon of fumes is substantially
complete and the sample no longer shows the presence of liquid
sulphuric acid.

Transfer the casserole to a muffle furnace with an
automatic tempersature control. The muffle should be located in
a hood. Heat the sample at 550°C until the carbon is completely
burned off. (Usually, two hours is adequate.) After the carbon
is burned off, remove the casserole from the muffle and allow
it to cool, With a pipette, add 12-15 ml. of concentrated
hydrochlorle acid to the casserole, carefully moistening all
the materlal on the sldes of the casserole by allowing the
hydrochlori» acid to drip down the sides. Place the casserole
under an .fra-red lamp and evaporate the hydrochloric acid in
the casserole almost to dryness, Wash the casserole four times
with 10/ hydrochloric acid, bringing the hydrochloric acid so-
lution almost to a boll in the casserole swirling by hand over
an open flame. Scrub the casserole thoroughly with a stirring

rod and policeman after the flrst washing and leaching with the

10% hydrochloric acld. Combine the washings in a 50 ml. pyrex

CLASSIFIC A D730 CANISLIER (OF TUANGED) TO
BY aulmdR oy Of ,DG(/ ST ANT L

5:C Cékhgt;aogxmewcé%%é,9£MQJ-2
patt B o305 s



s A

centrifure tube,

Centrifuge for 15 minutes at 2000 rpm. Carefully de=~

cant the supernatant into a 125 ml. globe shaped separatcry funnel,

Add approximately 5 ml. of 10% hydrcchloric acid to the residue
in the tube, swirl gently to break up the precipitate, Avold
getting preciplitate up above liquid level on the sides of the
tube. Centrifuge the acid in the tube at 2000 rpm for 15 minutes
arid again decant the supernatant into the separatory funnel con-
taining the ligquid first taken off.

Add 1 drop of methyl violet. Add 50% ammonia until
the liquid is & bright emersld green. The enalyst should famil-
larize himself with the indicator colors at known pil values, The
pl desired is 0.4 to 0.6, After the pH 1s adjusted, add 1 ml.
of ferric chloride solution unless the sample already contains
at least 1 mg. of iron. Add 2 ml. of cupferron solution and
mix well,

Extract with 2.5 ml. of chloroform and collect the
chlcroform In a 5C ml. centrifuge tube. Separate the chloroform
an@ add 0.5 ml. o cupferron solution and mix well. Extract with
2 ml. of chlorcform. Add 0.5 ml. of cupferron, mix the cupferron
and then extract with 2 ml. of chloroform. Add 0.5 ml., of cup-
ferron, Make five serial extractions with 2 ml. of chloroform.

To tabulate this procedure:
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Extractlon ml. Cupferron Added ml., of Chloroformr
pefore xXtrasction used
1 2 2e5
2 0.5 2
3 0.5 2
4 0.5 2
5 0 2
6 0 2
7 0 2
8 0 2

Place the combined extract in an oill bath at 65°C to
evaporate the chloroform. (Caution: Heating above 659C at this
point will cause excessively rapid bolling with possible loss of
material.) After the chloroform is nearly all gone, incrense
the temperature of the bath to 70° C and hold there for 15 minutes,

Remove the centrifuge tube frem the bath and allow it
to cool. Cautiously add 2 ml. of concentrated nitric acid and
then 1 ml. of 70% perchloric acid. Place the centrifuge tube

intc a melted wex bath below 90°C. Slowly bring the tempersture

of the bath up to 190°C over a period of at least one hour. At
the end of thls period, the residue should be a pale straw coclor,
If the residue is not a pnle strasw color, continue heating at
1909C until a pale straw colored residue is obtained.

Allow the digestate to cool. The cooled digestate should
be colorlesss Add 3 ml, of distilled water and 2 drops of hydroxyle-
amine solution. Allow to stand for at least 2 hours. Add 1 nml.
of concentrated hydrcfluoric acld and 2 drops of lanthanum ni-

trate solution. Do rot add more lanthasnum nitrate beceuse of

subsequent plating difficultles. lMix thoroughly by swirling.
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Centrifuge for 15 minutes at 2000 rpm, Decant the superna-~
tant and invert the tube on a paper towel to drain. ‘VWash
precipitate with 2 ml., of C.l normal hydrofluoric. Swirl the
tube to break up the precipitate. Centrifuge at 2000 rpm for
15 minutes. Decant the supernstant and invert the tube on a

paper towel to drain.

Transfer the preclpitate In the tube quantitatively
to a stainless steel plate. This isaccomplished by slurrying
the vprecipitate in about 0,1 ml. of distilled water and trange
ferring it to the plate. Illake a second, third, and fourth,
slurrying with approximately 0.1 ml. of distilled water. DLry
the slurry on the plate by placing 1t under an infra-red lamp,
To avoild unduly repid drying do not place the infra-lamp too
close tc the plate. Continue to applv heat for several minutes
after the plate is dry.

Count the plate for a suitable'period in a low back=-
ground alpha counter., Due to incomplete (about 86%) recovery
of plutonium 1t 1s necessary to multiply the observed results
in counts per minute by 1.16 to obtain the count present. Re-
port as counts per minute per liter.

Probable Error of Arnalysis for Effluent Samples of

100 - IOOO ml,
ST e

% P.E. = ¥ “1l.0 F P.E,.,
where P.Ec is the per cent probable error of countinre.
The procedurs outlined has been studied with plutonium

only present. The investigators have no knowledge of the
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efficiency of the method in separating plutonium from other
alpha enmitters,

Over a hundred determinations of plutonium wlth various
rrocedures were attempted, using effluents to which a known "splke”

was added, befcore an effective procedure was found. A number of

different possible procedures were investigated in the course of
the search for a satisfactory procedure. As is common nractlice,
no presentation will be made of the data or proceduregwhich 4id
not prove to be of value.

The study of the procedure developed has heen income
plete. The work was undertaken to develop a functlonal tool,
and there has been nc attempt to make a thorough evalustion of
;é the factors and variables involved in the procedure presented,

Some further comments on the nature of the materiagl
analyzed are in order. The effluent from an activated sludge
process will contain variable guantities of caleium, magnesium,
sodium, potassium, chloride, sulfate, phosphate, silica, iron,
aluminum, armmonia, nitrate, and organic maiter, The or Fanlic
matter may vary from whole micro~organisms to organic matter
in true solution. ience, 1t may be seen that activated sludge
effluent 1s a complex material which offers a variety of —aterials
which might interfere with a plutonium assay.

In Table 1 are given the results obtained using the
procedure described on sone spiked samples of sffluent. TIr all

cases, the spike added was the sane (z64.2 T 1.6 counts), [his
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spike was put into threc different activated sludge effluents,
Mirther, the amount of effluent to which the gpike was added
was varied from 100 to 1000 ml., in the case of a particular
effluent.

Table 2 1lists a group of surmary values calculated
from Table 1. Study of Tables 1 and 2 indicates that there
was no significant variation In the recovery of plutonium with-
in a given serles, comparing one seriss of observations with
another or the grouped values at a given sample size leval.
Mz. 3 gives an error distribution curve for the combined data.
The distribution of variation, as shown by Fig. 1 1s a normal
error curve, Accordingly, statistical parameters calculated
or derived from the data may be assumed to conform to the

noyrmal distribution pattern,

Dependency of Precision Upon the Humber of Counts Observed

The precision of any procedurse based on the counting
of radlo-actlive disintegration is contingent upon two sets of
errorg, the error of counting and the error of manipulation,
#hile it may not be a completely valild assumpbticn., 1t will be
a3sumed that the manipulative error or loss and consequent re-
covery of plutonium is independent of the concentration of
plutonfum in the sample analyzed, Subject to this assumption,
Fhe probable error of analysis may be regarded as the resultant
of the error of manlpulation and that of courving. Since there
obviously 1s no correlation between manipulative error and

counting error, resolution may be obtailned using the formul

3y C, cu,
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.7 .
;(g P.E:a - \\, /e P E'C+’ Po'o (1)
wherae
% ?.% = Percent probable error of analysls
a
% P.E w Fercent probables error of counting
: c
% P.E = Percent probable error of manipulation
‘ m

Table 2 shows that the probable error of analysils was
found to be 2.58%, The counting period was ten minutes with the
sverage number of counts observed 2452 over the ten minutes of
counting, Starting with the formula: & - ¥§ﬁﬁ
where < is the standard deviation and N 1s the number of counts

observed, it may be shown that:

S
st
.
{,?J
§
C’J
i .p.
9]
jau)
S

wherse G, is the observed counts per mlnute
and T 1s the counting period in minutes.

The total number of counts observed consists of the
counts caused by the sanple examined and the\background count,
The statistical variation of the baclground count is a negiiginle
part of the statistical variation at the activity levels where
it 13 intended to apply this procedure. For a total of 50 or
more counts per minute 1t is quite satisfactory to neglect the
statistical variation of a background count of one count per
minute or less after subtractive corrections have beer made

for the background count., Hence,

- - ‘:’4045
# PuBy = T o 1.%6 %
’)/}r"G’

i
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Tsing formula (1), the probable error of manipulation is
found to bLe 7.317%,

Subject to the assumptions already madse:

P S v Lol 3 A
S S R [ Go Pl = % P,E

2 Faly ® ~ 24 i !
(3)

0%

r‘,'“»“ VO o
11 =k Fo P. E‘é’

It is obvious that as the number of counts observed
I

. ana/y
increases, that the error of eewmyt ing will approach 2.31%.

Also, at low count levels, the assumptions made cease to be

valid. ¥Filg. 2 presents graphical solution of the formula (3)

for several counbting periods and may be used to estimate the
annalytical error of the procedure,.

As already pointed oubt, this 1s admittedly an in-
complete investigation of the factors involved In an analytiecsl
technique. There has been no evaluation of the effect of vari-
abls plutonium content in the total sample exanined on the re-

sultsy obtained. The accuracy of the method has not been in-

vestigated. It is also possible that a few counts of plutonlum

may have been present in the effluents used, and this posslbility

has not been covered by blank determinations. Detalls of the
procedure have not been individually evaluated, so that there
may be some unnecessary steps involved. However, this work was
undertalen solely to develop a satlsfactory measuring procedurs

for a particular series of investigations, and not primarily as

an analytical ressarch study. Because errors considerably larrer

than those noted are ahce tabl the purpo -
LLASC‘Ur‘ATv"‘r;" CAMNCELLED | YD'“FD) '!‘C’%‘mé--ayﬁ...yp rpose for whiech the

oY Al Z)Cf Z/ Q—-d 5‘7.)-\‘. N ]

- Coa, C%L¢22w"~r“nmw£¥%£g; ..... =544 <.
oate, S/ HoS




method was intended, no further study of the method is con-
templated st nresent.

Summary and Conclusions

1. An analytical procedure has heen presented for the determinstio
of plutoniwm in asctivated sludge effluehts.

2. OStatistical evaluation of the results obtalned by the pro-
cedure outlined are presented,

3. Auxilliary formulae and graphs are given for the estimation

"of the errors involved in the use of the procedure ocutliined,

Eibllography

(1) rangham, Wright iI., MDDC-1555, LADC-U.S.A.E.C., Technical
Information Division, Oak Ridge Directed Operations, Oak Ridge,

Tenn., "Determination of Plutonium in Human Urine"
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Table #1

Recovery of plutonium from sctivated sludge effluents
spiked with 2684.2 1 1.6 counts per minute per sample. (10

minute counting period)

ml. of Effluent Spiked

Series 100 550 500 T000
A 244 c/m 250 ¢/m 249 ¢/m Lost® ¢/m
A 248 547 256 234
A 229 237 240 232
A 265 Lost® 248 LostB
B 255 240 250 044
B 238 230 259 254
B 230 228 260 247 o
B 228 255 251 Lost
c 264 236 224 245
c 281 242 227 244
c 263 , 234 262 247
c Lost 258 211 536

LostA - Lost dus to Infra-red lamp whicn failed. (Fpagment of
lamp fell into sample causing mechanical 3088.?

LostP - Lost due to leaky extraction flask,

Lostc - Two samples were taken out of the data because they
differed from the mean by more than 4 times the standard
error. Of these samples, one was too high, one too low,
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Surmary of Values Computed frorm Table #1.

Data Computed from No. of Mean
observations
Serles A 13 245.3¢/m 9,1
Series B 15 245,3 10.8
Serles C 15 244.9 17.8
100 ml. Samples 11 251.4 15,8 4,7
250 ml., Samples 11 240,9 S.6 2,9
500 ml, Samples 12 244,8 15,5 4.5
1000 ml. Samples ] 242.2 7.0 2.3
All Samples Grouped. 43 245,202 1Z2.0 3.5

To convert observed counts to reported counts multiply

observed counts by 1.18,
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