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APPENDIX

SAMPLING

After running the water to waste for at least 5 minutes, a 2-litre polyethylene
sample bottle, containing acid preservative, was filled to the neck at a
moderate flow rate to reduce radon loss. Polyethylene bottles were used to
minimise adsorption of radionuclides on the walls of the container. The
preservative, which also helps to prevent adsorption, was limited to 5 ml of 1 M
nitric acid per litre of sample (higher acid concentrations interfere in the
procedure for radon). The preservative was used in all survey samples,

experimental samples, and standards for counter calibration.

ALPHA AND BETA ACTIVITY DETERMINATION

General

A set of beakers, cover glasses, boiling rods, and stainless steel planchettes
was segregated from other laboratory ware for exclusive use in the survey. The
planchettes were slightly acid etched which allowed the dissolved solids to
deposit with more uniform thickness at the final stage of drying, thus minimising

the variability in alpha particle self-absorption.

Beakers were cleaned by scrubbing with hot detergent solution. Planchettes were
scrubbed with a mild abrasive cleaner and decontaminated with hot nitric acid.

All equipment was finally rinsed with aged deionised water free from radon and

progeny.

Procedure

The alpha and beta backgrounds of a tared planchette were counted for 50 minutes
each in the WIDEBETA counter. The sample was shaken well, and a 1-litre aliquot
was measured into a 2-litre beaker fitted with cover glass and boiling rod. The
sample was evaporated to low volume on a hot plate and then transferred with
nitric acid washes to the planchette, while policing the sides of the beaker
thoroughly with a rubber~tipped rod. The contents were then evaporated gently
to dryness on a warming plate. The planchette was reweighed and the "thickness"
of the dried residue calculated to ascertain the separate alpha and beta
counting efficiencies. The alpha and beta activities were then determined by

counting for 50 minutes each in the WIDEBETA counter.

The net count rate (N) and the standard deviation of the net count rate (s8), in

counts per minute, ist
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where G is the total number of counts recorded from the sample and background,

and B is the total number of counts recorded from the background.

Typical planchette/counter backgrounds were 0.3 counts per minute of alpha

activity and 4 counts per minute of beta activity.

Adsorption of radionuclides on the walls of sample containers was checked on
several occasions by extracting the containers with nitric acid solutions. The
extractions were evaporated to dryness and counted for alpha and beta

radioactivity. No activity was detected and this practice was discontinued.

Calibration

A set of standard planchettes, containing known amounts of solids encompassing
the range expected in the survey, and known disintegration rates of alpha and
beta radioactivity were prepared. Tap water concentrated by evaporation, and
also sodium chloride solutions, were used to provide the range of solids. The
standard radioactive solutions used were a plutonium-239 alpha-particle solution
standard (prepared for the U.S. Environmental Protection Agency by the National
Bureau of Standards, Washington), and a caesium—-137 standardized radioactive
solution provided by the Radiochemical Centre, Amersham, which was used for beta

calibration.

The contents of the standard planchettes were evaporated carefully to dryness

and the alpha or beta count rates determined. Separate alpha and beta
calibration curves of efficiency versus thickness were drawn. Efficiency is
defined as the ratio of the observed count rate to the known disintegration rate.
Thickness is defined as the weight of solids in milligrams divided by the

planchette area in square centimetres (mg cm™?).

The efficiency for alpha counting ranged from about 0.08 to 0.18, depending on
thickness, with values typically about 0.14. As expected, the absorption of
beta particles (both self-absorption in the sample solids, and external
absorption in air and in the detector window) was much less than that for alpha
particles and beta counting efficiencies were higher and the range smaller,
.8+, 0.44 to 0.49. Sample thicknesses ranged from about 0.5 to 4 mg cm™% with
values commonly about 2 mg cm™?. Only the Wanganui sample exceeded this range

(see Table of Results).,
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The "crosstalk' between alpha and beta channels on the WIDEBETA counter

(i.e., degraded alpha particles counting as beta particles) was determined
experimentally as about 15% over the range of 1.3~2.1 mg cm™?, Correction for
crosstalk made no significant difference to the beta activity results, because

of the lowratioof alpha to beta activity in the samples.

Calculation of Results

For 1-litre samples:

At 8D = +

where A is the gross alpha or gross beta activity in pCi/l.
SD is one standard deviation in pCi/l
N is the net alpha or beta count rate in counts per minute
S is the standard deviation of the net count rate in counts per minute
E is the alpha or beta counting efficiency read from the calibration curve

(Note: 1 pCi = 2.22 disintegrations per minute).

Quality Control

During the course of the survey counter stability was checked regularly by
counting alpha and beta control sources., Beta background determinations are
routinely determined daily in addition to the alpha and beta background

determinations made on the particular planchette used for each sample.

International Intercomparison

The measurement of gross alpha and gross beta activity in "unknown" water
samples has been a part of this Laboratory's wider participation in international
intercomparison of measurements of radioactive contamination in environmental

samples.

Samples are provided by the U.S. Environmental Protection Agency (EPA) and each
participating laboratory is given an identification code to preserve anonymity.
Samples are analysed in triplicate and results are returned to the Agency.
Subsequently the Agency issues a report giving: the known value and expected
Laboratory precision (one standard deviation on a single determination), the
mean result and experimental sigma (one standard deviation on the set of three
results returned)'for each participant, and the grand average (and experimental

sigma) for all results submitted.

This Laboratory's results (NRL) are tabulated alongside known values and grand

averages:



ENVIRONMENTAL PROTECTION AGENCY (EPA) INTERNATIONAL INTERCOMPARISON

Gross Alpha and Gross Beta in Water Cross-check Programs

Number of pCi/l 7

Laboratories EPA NRL Average all
Program Participating Known Value Value Laboratories
CGross Alpha
July 1977 60 29 %7 23 & 4 25 %7
January 1978 62 7%5 741 7+3
July 1978 71 22+ 6 20% 176
January 1979 72 6+5 6% 1 7+2
July 1977 60 125 1341 16 £ 6
January 1978 62 39%5 36+ 2 37%6
July 1978 70 305 31% 1 32+7
January 1979 71 16 £5 15+ 1 16 £ 3

RADON DETERMINATION

Radon chi

It is known that radon diffuses through polyethylene. The extent of loss due to
this effect, and loss during container filling, was determined experimentally,
Screening measurements could then be made and an approximate result for radon
concentration calculated. Resampling for an accurate assessment was made when

the screening results exceeded 500 pCi/l.

Containers for Accurate Radon Assessment

It had been established in a previous survey (5) that l-litre narrow-necked glass
reagent bottles, with silicone grease lubricated ground-glass stoppers, were
satisfactory containers for radon rich waters. No detectable loss of radon,
other than that due to radiocactive decay, occurred during many days of storage.
More recently l-litre Pyrex "Clearfit" flasks, with no stopper lubricant, were
found to be equally satisfactory and were used in this survey when resampling for

accurate radon measurement.

Container Filling for Accurate Radon Assessment

A rubber tube was connected to the water tap and, after running the water to
waste for a time, the flow was adjusted to a slow-to-moderate rate. The tube was
then quickly inserted into the container so that the outlet remained at the
bottom during filling. The container was allowed to fill slowly, with minimal

turbulence or bubble formation. Only enough space was left for insertion of the

stopper.
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Radon Loss - Container, Transport, and Filling Experiments

Tap water at the Christchurch Laboratory was used as a constant source of radon
enriched water for experimental purposes. After running the water to waste for
one hour "Clearfit" and polyethylene containers were filled using the accurate
sampling method. Containers were filled in rapid sequence to ensure that radon
levels were the same in each sample. (Earlier experiments had shown that changes
in radon levels did not occur over short time periods.) Control samples in
"Clearfit" flasks and samples in polyethylene containers were left standing on
the laboratory bench for 5 days. During this time other samples in polyethylehe
containers were kept in the boot of a car which was being driven several miles
each day. All samples were then analysed on the same day and results were

corrected for radioactive decay.

Tn the next experiment samples in each type of container were air-freighted to
Auckland and back, while control samples remained on the laboratory bench.
These air transport experiments were repeated and the earlier results confirmed.

The experimental results were:

No loss of radon occurred from "Clearfit" flasks when transported by air and

road over distances exceeding any used in the survey.

The loss of radon from polyethylene containers appeared to be exponential,
as expected, with a half-time of about 11 days for our standard sampling
container. This loss was independent of the type of transport and was the

same for samples at rest on the laboratory bench.

The maximum loss that occurs during bottle filling was also determined
experimentally. The rubber filling tube was disconnected and a polyethylene
container was filled directly from the tap using a moderate-to-fast flow rate.
A large bubble of air was deliberately left in the bottle. The sample was sent
by air to Auckland and back. After analysis it was calculated that an initial
loss of 13% had occurred during bottle filling. A mean loss of 7% was assumed
for the routine survey samples where the instructions specify using a moderate
flow rate, avoiding excessive turbulence or aeration, and filling the bottle

completely.

Thus for radon screening measurements the following corrections were made:

1. Radioactive decay during the period sampling to analysis (t, = 3.8 days)
2
2. Radon escape from polyethylene bottles during the same period (t, = 11 days)
2

3, Filling loss (7%).



- 19 -
When the results of a screening test indicated a level of about 500 pCi/1 an
accurate resampling in "Clearfit"” flasks was made and the measurement was

corrected for radiocactive decay only.

The Radiochemical Procedure for Radon

Freshly sampled water should be stored in its container for at least 4 hours
before analysis to ensure that equilibration of radon progeny up to bismuth-2 14
is established. The analytical procedure has been published elsewhere (5), and
is based on the rapid chemical separation and beta counting of the 20-minute
half-life bismuth-214 daughter of radon. A brief description follows: an
aliquot of the sample is measured into a beaker containing a magnetic stirrer.
Bismuth carrier, lead hold-back carrier, and n-propyl gallate reagent are added.
The solution is stirred rapidly for 30 seconds, during which time bismuth
n—-propyl gallate precipitates. Stirring is continued for exactly one minute and
the precipitate is then rapidly filtered under suction on an Il-cm glass fibre
filter, washed with dilute nitric acid, then methanol, and quickly dried. The
glass fibre filter and precipitate is beta counted using the 5-inch detector of
the WIDEBETA counter and an absorber to eliminate alpha counts. Net count

rates every 5 minutes are recorded during a period of 2 to 3 half-lives of
bismuth-214. Each count rate is extrapolated to the chemical separation time and

the mean and standard deviation of the set of results calculated and recorded.

No sample in the survey contained any residual activity due to bismuth-210,
indicating that the long-lived naturally-occurring precursor lead-210 was not

present at detectable levels,

The counter was calibrated for bismuth-214 using radium-226 standard solutions
stored in completely filled "Clearfit" flasks for one month to allow
equilibration of radon and daughters up to bismuth-214. The counting efficiency

for bismuth~214 was 0.48 for the standard analytical conditions.

Net count rates, extrapolated to the chemical separation time, corrected for
radon decay (and losses where applicable), were used to calculate the
concentration of radon in picocuries per litre in a similar manner to that

described for alpha and beta measurements.





