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NOTICE!

This report was prepared for use within General ElectricCompany in the course
of work under Atomic Energy CommissionContract AT-(45-1)-1350, and any
viewsor opinionsexpressedin the report are thoseof the authorsonly. Thisreport
is subjectto revisionuponcollectionof additional data.

LEGAL NOTICE

Thisreport was prepared asan accountof Governmentsponsoredwork. Neither the United States,
nor the Commission,nor any personacting on behalf of the Commission:

• A. Makes any warranty or representation,expressor implied,with respectto the accuracy,com-
pieteness,or usefulnessof the information contained in thisreport, or that the useof any Information,
apparatus, method,or processdisclosedin this report may not infringe privatelyowned rights;or

' B. Assumesany liabilities with respect to the use of, or for damagesresultingfrom the use of
any information,apparatus, method,or processdisclosedin thisreport.

As usedin the above, "person acting on behalf of the Commission"includes any employee or
contractorof the Commissionto the extent that suchemployee or contractorprepares, handlesor distrib-

. utes,or provides accessto, any informationpursuant to hisemploymentor contractwith the Commission.
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A procedure is described for the sequential separation and deter-

ruinationof Arsenic-76 and Phosphorous-32 in reactor effluent water.

The analysis can be performed in legs than one hour and the arsenic

fraction is scanned immediately after separation on a multl-channel

gamma spectrometer. The discrete gamma energy of .56 NKJ (_) for

Arsenic-76 makes further purification unneceSsary.

The organic phase containing the Phosphorous-32 is dry mounted

on a one-inch stainless steel dish for beta counting.
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THE,,SEQUENTI_L 8_41_TIp,N AND DETEI_,,INATIONOF
• AP_ICc76 AND p_S_HOHOU_32 IN

PF.AC_D_REFFLU_T WATER

Disposal of reactor effluent water into the Columbia River

requires that periodic measurements be made of the radioisotopes

present. These measurements are used to determine results of tests

being run at the reactors and for historical information°

In the spring of 1961, the Atomic Energy Commission requested

that steps be taken to reduce the phosphorous_32 content in reactor

effluent water. Although the phosphorous-32 concentration was

considerably under the maximum permissible limits, even lower levels

were desired. In an attempt to fulfill the request, a high-alum
1z

concentration treatment of the _,_terwas started.

Previous analytical data had shown that a specific ratio exist_

between arsenic-76 and phosphorous-32 in the reactor effluent water!l)

Therefore, by monitoring the arsenic-76 on a day_to-day basis, effec-

tive control of the alum concentration could be maintained and rapid

information on phosphorous-32 could be developed° Current methods

used to determine arsenic-76 did not meet the control requirements

of the proposed test; therefore, a method for rapid and accurate

determination of arsenic-76 was necessary°

II. _I_T 'jtNDI_jAQENT_ ,

A. Wrist shaker

B. Transistorized multi-channel gamma analyzer

C. Beta Proportional Counter

D. CP nitric and hydrochloric acids

UNj_!ED
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E. Ten per cent (10%) _solution of ammonium molybdate

F. CP Butanol

G. CP Chloroform
i

H. CP Ethyl Acetate

III._ P_CE_

A 50 ml aliquot of effluent water is adjusted to a pH of 7-8 with

dilute NHhOH or HNO3. Then, 6 ml of a 10% solution of NH_oO 4 is added

followed by a two-minute standing period. The molarlty is adjusted to

1.3 using 8 MHNO 3 followed by the addition of 5 ml butanol. The phos-

phorous is extracted using 15 ml of 1:3 mixture of butanol and chloro-

form, then rinsing with 5 ml of the same mixture and combining the

organic phases.

The organic phase is evaporated to 3 ml in a small beaker and

transferred to a one-inch stainless steel counting dish, evaporated to

dryness and beta counted for phosphorous-32.

To the remaining aqueous phase, add 15 ml of a l:l mixture of

ethyl acetate and butanol and shake for one minute. Add 15 ml of

chloroform and shake again. The aqueous phase is discarded and the

organic phase rinsed with l0 ml of 8NHC1. Then, 20 ml of the organic

is placed in a vial for gamma analysis of arsenic-T6.

A. Phosphorous and Arsenic Se_ar_tion

I. From this separation arsenic-?6, the major interference
of phosphorous-32, is completely eliminated. (See figure
I.)

2. Time required for analysis is less than one hour.

UN_C_IFIm
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' B Decontamination
• "'" ' -+ - " i..... +

i. Separation of arsenic-76 from other major interfering

radioisotopes in reactor effluent water is adequate. These
include Na 4. Mn56_ Cr51. Cu64° Np239, and to a lesser extent
lhO " +La _ • (See figure II and III.)

2. Interferences from other radioisotopes common to the sample.

(See figure IV.) <

3. Gamma analysis for arsenic is much more specific than beta
counting. The spectrum can be viewed directly on the
gamma analyzer oscilloscope or printed on tape; thus, en-
abling positive identification of the radioisotope (s)
present.

4. One can see from the gamma spectrum that the arsenic would
be difficult to calculate without a separation. (See

+ figure II and III.)

C. M_hod Efficiency

1.

Volume Or_aniQ % As76 % p32
Volume Aqueous Recovery Recovery

.5 88*-_.8 9o*-_.6

.3 57.+2.2 78+.2.0

2. Effect of acid concentration on extraction of arsenic76.
(See figure V. )

D. Calculatiqns

1. Phosphorous-32

nuc/ml p32= c_x.c/m at reference time
Sample size (ml) x decay factor

2. Arsenic-76
_.2" _**

unc/ml As76 = %'m X ,net,c/mX ,,geometryfac_t°rx,?
Sample size x decay factor

-- -- jj _ __ III l_ I I I II I

•Factor based on the efficiency of the crystals used in the counting
instruments.

2

•*Factor based on mounting 3 of the organic.

__S_F!_
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FIGURE I

DECAY OF PHOSPHDROUS
COMPLEX AFTER SEPARATION

l
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OF REACTOR EFFLUENT WATER AND SEPARATED ARSENIC
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e GAMMA SCAN OF REACTOR EFFLUENTWATER AND SEPARATED ARSENIC
WITH FUEL F2_MENT RUPTUI_

i
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FIGURE IV

INTERFERENCES FROM OTHER RADIO-
ISOTOPES 00MMGN TO THE SAMPLE

• ,=.iiii[ • :z ......... 1 .......: ,, 77:

Radioisotope Gamma Energy C/M Added C_i Observed In % Extracted
Extraction

J Ii ...... I I II ii i .... i i :_. i ii i )LUll [ :
_ " , .... i _,,I,,_,,

C_ 37 .66 2816 _ 5 _ .02

Ruz°3 .49 3744 18 0.5

Sr85 .50 337 "_ 5 "_1.5

Mn5_ .51 858 _ 5 _ 0.5 ,_

Zr95_b95 .75 z236 _ 5 _ 0°4

% i ..... ii ii illli , ,, • i i ii -- ,iill ,, i

i
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_0 ' FIGURE V

V

EFFECT OF GONCENTRATION OF __
ACID ON EXTRACTION OF ARSENIC"f_

0

i0_..O0 Concentration of HNO3 in Aqueous Phase In
• Molarity
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