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- SAMPLING SYSTEM FOR TRITIUM AND CAR BON— 14
» ' _ IN ENVIRONMENTAL AIR

. by Herbert P. antelow, Richard L. Boltin,
A ' : John S. Peck, and Raymond G. Aune

K : » + Lawrence Berkeley Laboratory

University of California .
Berkeley, CA 94720

‘ABSTRACT

An inexpensii(e smpler is described for general environ-
mental éar’npling of tritiated water vapor and carboﬁ- 14 as CO2 in
the air. The éomponents cost less thén $20.00. For sampling tri-
ﬁum, use is made of the rapid exchangé of watez; in a'small silica
gel column. A quick and easy method for extracting fhe sampled
water from the column is also described. The sampler can detect |
less than 1% of the MPC for uncontrolled areas; its sensitivity is

therefore adequate for most purposes.



DESCRIPTION OF SAMPLER"

Fad

1. Air Mover A small diaphragm pump, sold as an aquarium aer-

@

ator, is u'sed.to. oirculate the au- Th1s pump has 'a_capaci/ty far.
greater than needed, ‘s:'o a s_mall fi-lamentqtransformer is used to re-
~duce the ‘v"c')ltage at th’e, pump from 1417 uolte to 18 uolts-, thus eneuring -
~quiet _operation and less _h_eat.. All components.aré mounted in a srnall
ele ctronie c-‘abine_t__. | | -

2. Flow Regulation and Measure'ment The flow rate is controlled by

a small needle valve and measured by a small plast1c rotameter with
- a st_yrofoam float The de51red flow rate of 10 cc/mmute corre sponds :

to -about 1/,3 c:z full scale.

3. Tr1t1um Sampler A column conta1n1ng about 12 grams of 6- 12 me sh

5111ca gel is used for extractmg the tr1t1ated water vapor from the air.
. '_The silica gel is not prekusly dehydrated but is allowed to equ1l1brate
bw1th,amb1ent cond1t1onsvbefore use. We have d1scovered that th1s in. no

(1)

way impairs its effectiveness in remov1ng HTO vapor.

4. Carbon-14 (CO ) Sampler A conventional technique of bubbling the

air through a caustic solution is used A w1de mouth 2 ounce bottle

with a 2- hole rubber stOpper serves asa convement contamer and bub: N

o~

bler.

| vOP;ERATINC} THE SYSTEM h
The routlne samphng per1od is one week at a , flow rate of 10 cc/'-

m1nute, g1v1ng a total sample volume of 1/10 cubxc meter At the end A
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vof one week, the silica gel column is. ébout half spent and about 30 cc
of CO2 have been deposited in the bubbler solution. The sampling
flow rate remains quite steady a‘nd no attention is required other than
the weékly sample changes. Each week a fresh bottle of bubbler _solu-_
tion (0.2 molar NaOH) is put in place and the silica gel columh is re-
placed. |

A very simple technique for counting the tritiuin activity has
been devised. We pour the exbosed silica gei into 25 cc of water ina -
.100 cc beaker. It is stirred at this time and again 1/2 héur lateg.

Thirty minutes after the 'last stirring, a 3 ml sample is withdrawn

~ from the water and placed in a vial containing 47 ml of dioxane type

liquid sciqtillation <.:ock.tail. Because the silica gel already contains

3 or 4 ml of water whén poured into the beaker, the total volume of
water pre'ser}t is close to 30 ml, and fhe 3 ml portion taken represents
about a 10% aliquot. There is some error be.vcause éf variations in
humidity, but the error is only a few percent and of no conseq\ienée in
ordinary environmental monitoring.

The sgnsitivity obtainable, using a 20 minute counting time, |
is about 1 nanocurie per cubic meter or 1% of the ndn-’-@ccupational
MPC, anci therefore this sirhple technique is .adeqvuate for most pur-
poses. .
The carbon-14 vactivity'vis also countéd in a liquid scintillation
Coﬁhter. Aﬁ excess of 42N sulphuric acid is added to the solution in
t_he Samble botfle, converting‘the collected carbonate iptb COZ' The

CO, released is led dire ctly into a counting vial and bubbled through

2
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20 ml of 11qu1d sc1nt1llat1on cocktaﬂ conta1n1ng ethanolamine. A'irv is
| hen bubbled through the acid bubbler solution to ensure that all CO2
is transt_‘e‘rred into the counting v1a1. Limit of sensitivity is about 20

e

pCi/ms.

COLLECTION EFFICIENCIES

1. A column was loaded with five'-5-.g’rar_n pbrtions of silica gel; sep- |

aratéd by vfibérglass discs, and operated as a stack sampler-for 1 week
at 10 cc/minute A low, steady concentratmn of HTO was present in

the stack dur1ng thls permd o ) 2 ' .

-

' Table 1.. Distribution of HTO in the column.

Porti'onﬂ" | ' c/m Tri_‘tiu.rﬂ
P 1310 |
2 a1
5 | ,
5 ' 0

) vI_t fs_ appai‘e nt that more than 99% of the tritium collected was in -

~ the first two 'Sag'rarri"_ sections.

A ﬁirther check was made by running two parallel samplers for

6 weeks.” One was .of ‘the silica gel type déscribe:d here;‘. the other wa.s N

a column of -indica’ti'ng drieri‘ce«w'hqse'_ collected water was separated-

.
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fromit by distillation with xylene. |

Table 2. Comparison of the two Samplers.

Concentration, nCi/m3

Week ' Silica Gel Drierite
| 1 - 450 73
2 64 55
3 220 160
4 73 58
5 . 5.0 " | 2.8
6 6.0 3.3

'Ap_pé.rently the silica gel method is rﬁore efficient than the
drierite method. These findings are further substantiated by other
wérk we have done with silicaﬁ gel columns, work which formed the
basis for a tritium control method described in Reference 1. The ev-

idence is ample to prove that the collection efficiency is close to 4100%.

2. CO2 Bubbler Because bubbling air through an alkaline solution

is a standard method for removing COZ’ less extensive tests were

made of this sampling techniqué. Two bubblers were dperated in
series for one week. Addition of barium idp to the ’first. one produced -
a vlarge quantity of BaCO3 pr'ecipitate,. but barium ion produced ho
visible precipitate when édded to the second. There s"éems to be n<_)‘

doubt that a 0.2 molar NaOH solution is 100% effective in trapping Co,.
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_Retrieving CO, from the bubbler solution is the difficult part

of the‘\process' When the solut1on is acidified, the gas that is formed

.8

tends to remain dissolved and only slowly evolves. ‘About an hour of t ]
bubbling air through the solution is required to release most of the

| CO » as 1nd1cated by barmm tests The process is a1ded by the sub-

stant1al amount of heat from neutrahzatmn and d11u1:10n of the ac1d
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Fig. 1. Environmental Tritium and
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that-its use would not infringe privately owned rights.
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