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1. INTRODUCTION

The brief summary of analytical techniques included in this report is not
intended to supplant the many excellent review articles in the current
literature on environmental monitoring of radiocarbon (14C) (e.g., HCRP Report
81, 1985; Schwibach et al., 1978; Snellman, 1989). It has been prepared
primarily to collect and distribute the attached appendices of analytical
procedures for 1 4C in use at Chalk River Laboratories (CRL). The references
support these specific techniques and do not include an exhaustive list of
articles.

2. SAMPLE COLLECTION

2.1 Air

Techniques for sampling 1 4C0 2 in air can be either active or passive. Active
techniques for environmental sampling have been adapted largely from the
methods developed for sampling and monitoring 1 4C in reactor stack effluents.
In almost all these procedures air is pulled through a bubbler containing
sodium hydroxide or a tube filled with molecular sieve. The rate of flow must
be kept down to allow sufficient time for the carbon dioxide to be trapped.
The sodium hydroxide should be prepared as a saturated solution, allowing time
for any carbonate present to settle out prior to filtration through glass wool
and just before dilution and transfer to the bubblers. Concentrations of NaOH
used range from 0.8 M to 4M.

1 4C0, 14CH4 and other hydrocarbons present in these air samples can be
measured separately, by oxidizing the gas exhaust from the first bubbler, and
capturing the 1 4C0 2 so produced in a second NaOH bubbler (Kunz, 1982; Joshi et
al., 1987; Dolan, 1987). Alternatively, they can be oxidized first, in which
case they become an integral part of the total 1 4C0 2 measured (Curtis and
Guest, 1987; Kabat, 1978). The different carbon compounds are oxidized under
slightly different conditions. CuO (Schwibach et al., 1978; Kabat, 1978) and
Pd/Pt (Kunz, 1982; Salonen and Snellman, 1986; Snellman, 1989) are the
catalysts most commonly used, at temperatures ranging from 400° to 800°C,
though at least one paper (Doyle and Hammond, 1980) has reported noncatalytic
conversion at 1000°C.

Passive samplers can be liquid or solid. At CRL, 4M NaOH (prepared as above)
is put into plastic trays, covered with nylon mesh and set on stands attached
to pointed metal rods suitable for driving into the ground (Figure Al-1,
Appendix Al). These are protected from rain and left unattended for one to
two weeks. Diffusion samplers, such as those used by Otlet et al. (1990), are
a variant of this collection technique; the samples are less subject to the
effects of sudden changes in wind speed and direction. Solid adsorbents would
have obvious advantages for transportation, and have been used with some
success to monitor stack gases (Kunz, 1982;, Kabat, 1978). Small discs,
prepared by slaking CaO with water and casting the paste into a variety of
shapes, are currently being tested at CRL for carbon dioxide retention
capability (Cooper, 1993).
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2.2 Water

Carbon dioxide can be recovered directly from water samples by acidification
and purging with either nitrogen or helium to transfer the gas into a
collector. While this technique is used routinely for small samples (<1 L,
Appendix A3), it can also be used for large samples of 20-100 L (In Che Yang,
1983), in some cases allowing several days for all the C02 to be driven from
the sampling jug (Schwartz, 1992). More generally, bicarbonate/carbonate in
the sample is recovered as barium carbonate on the addition of barium chloride
and NaOH to raise the pH to 10 (Appendix A2).

Methane in water samples is best recovered by the purging technique, capturing
the C02 evolved in liquid nitrogen traps, while the CH4 proceeds to a furnace,
where it is oxidized to C02, and captured in two more traps (Appendix A4).

2.3 Vegetation and Soils

Samples of leaves and needles are collected in new polyethylene bags, using
fresh disposable gloves for each site. In the case of needles, separate
collections of different ages of growth can be collected from one tree. The
samples are rinsed in distilled H20 and dried overnight at approximately 80°C
prior to storage in glass sealers.

Soil samples can be obtained by driving 10 cm lengths of aluminum tubing into
the ground. As soon as the core tube is withdrawn both ends should be capped,
to maintain the integrity of the sample until it can be extruded and sliced
into sections. A subsample of each section is taken to determine the
percentage of water and organic carbon. The remainder of the sample should be
stored frozen for later analysis, to prevent bacterial or fungal activity.

3. SAMPLE PREPARATION FOR MEASUREMENT

The method of preparation will depend on the nature and physical state of the
sample, and the measurement technique adopted. In all cases, however, the
sample is at some stage converted into carbon dioxide. For air and water
samples, C02 is simply released from either NaOB solution or precipitated
BaC03, on neutralization of the sample with acid (Appendix C2). C02 adsorbed
on molecular sieve is usually removed by heating and eluting with nitrogen or
helium gas.

Solid samples (vegetation, soil, milk, meat, etc.) are combusted to CO,. Milk
and meat samples must first ba freeze-dried, and the dried material pe .letized
to hold the sample together, allowing complete combustion to take place. A
rather extensive extraction procedure must be followed to separate cellulose
from sawdust for tree ring analysis (Appendix A5).

3.1 Combustion

Small samples of up to 10 mg carbon may be combusted in a sealed tube. For
samples containing up to 10 g of carbon, the Parr Combustion Bomb is the
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apparatus most generally used (Figure Bl-1, Appendix Bl). The C02 generated
may be absorbed dirt^ctly into NaOH, within the bomb, or released and trapped
outside the bomb. Samples up to 50 g or more should be combusted in an oxygen
flow tube (Appendix B2 (a&b)). Such an apparatus has been described in detail
by many workers (e.g., Ontario Hydro environmental/internal dosimetry
procedure 3-2.2, Carbon-14 in Biota).

3.2 Treatment of C02

Following its release, C02 can be collected as a gas, either in a plastic bag
or a cold trap, and subsequently:

i) purified by capture on activated charcoal, and removal of water vapour
(Srdoc and Sliepcevic, 1963; Gray et al., 1988);

ii) absorbed on solid Ca(0H2) (Rabat, 1978);

iii) converted to CH4 by catalytic hydrogenation (Rafter and Grant-Taylor,
1972; Srdoc et al., 1983);

iv) converted to C2H2 by synthesis of LiC2 and its subsequent hydrolysis
(Appendix Cl);

v) converted to C6H6 by trimerization of C2H2 (Noakes, 1963; Polach et
al., 1972; Johns, 1975; Appendix Cl);

vi) absorbed directly into an amine such as Carbo-Sorb™ (Moghissi et al.,
1971; Appendix C2);

vii) reduced to graphite with Mg metal (Appendix C3) or H2, using Fe or Co
catalyst (Vogel et al., 1984); and

viii) trapped in NaOH, followed by:

precipitation as BaC03 or CaC03 (Riedel et al., 1978; Pfeiffer et
al., 1981), or

direct release into scintillation cocktail, as in (vi).

4. MEASUREMENT TECHNIQUES

4.1 Gas Counting: C02 and CH4

Gas proportional counters combine the advantages of high counting efficiency
with pulse height discrimination. Proportional tube volumes range from 5 nL
to 7.5 L. Methane as the counter filling has been shown to give better
resolution and gas gain stability, vhereas C02 is easier to prepare and handle
(Srdoc et al., 1983) but must be carefully purified. In recent years, much
has been done to reduce counter size and background for small saaples, and to
improve performance (e.g., Oeschger and Loosli, 1975; Harbottle et al., 1979;
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Mook, 1983; Kaihola et al., 1983; Sheppard et al., 1983; Gray et al., 1988).
Efficiencies greater than 90% and backgrounds of 0.1 cpm are presently
achievable.

4.2 Liquid Scintillation Counting

As a result of large improvements in performance, liquid scintillation
spectrometry is now the measurement technique employed for 1 4C at most
laboratories. Efficiencies of 80% and backgrounds of approximately 5 cpm are
possible on a routine basis; backgrounds of less than 0.5 cpm are achievable
with anticoincidence shields such as are used by "Quantulus"™. The nature of
the scintillation cocktail chosen will depend on the final sample form, vials
to be used, etc. Many excellent review articles of this technique may be
found in the current literature (e.g., Horrocks, 1974; Gupta and Polach,
1985). A summary of the principal sample forms follows:

i) Benzene for high sensitivity

Benzene is completely miscible with toluene solutions of scintillators
such as POPOP plus PPO; conversely, a solid scintillant such as b-PBD
may be dissolved directly in the sample benzene. The much larger
quantity of carbon that can be incorporated in the scintillation
cocktail greatly increases the sensitivity of this method over other
liquid scintillation techniques. Counting efficiencies of 80% and
lower limit of detection (LLD) from 0.04 to 4 mBq are achievable.
Vhere high precision (e.g., dating) is the deciding factor, the
increased sample preparation time is well justified.

ii) BaC03 or CaC03 suspension

One of the earliest and simplest techniques for the counting of C02 is
by precipitation of a solid carbonate (BaC03 or CaCO3), which can be
counted in a low-level beta counter. Liquid scintillation counting of
suspensions of these precipitates provides considerably higher
efficiency, but unfortunately it has been difficult to overcome
problems of reproducibility introduced in the preparation of a gel for
counting (Tschurlovits and Niesner, 1979; Pfeiffer et al., 1981;
Tschurlovits et al., 1990). For the level of precision required for
routine monitoring, however, this problem may not be a serious one.

iii) Carbo-Sorb - Permafluor™

The direct absorption of C02 in an organic base such as a quaternary
amine has proved to be a very rapid and reproducible technique. The
absorption can take place straight into a cocktail (e.g., 65% Carbo-
Sorb plus 35% Permafluor), or the scintillator (Permafluor) can be
added subsequent to absorption. Care must be taken to ensure
uniformity between samples, standards and background vials to minimize
errors caused by varying degrees of quenching (Appendix C2).
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4.3 Accelerator Mass Spectroroetry (AMS)

Radiocarbon measurement using single atom counting by accelerator mass
spectrometry provides high precision measurements on extremely small samples
(Brown et al., 1981). At CRL the samples were prepared by reduction of C02 to
graphite by reacting the gas with red-hot Mg turnings (Appendix C3), using
iron powder to facilitate packing the carefully purified carbon into the
target cones. Current reduction techniques use H2 with an Fe or Co catalyst
(Vogel et al., 1984). This method has been used most in the dating of very
small amounts of material, but the cost per measurement at dedicated AMS 14C
laboratories is now competitive with benzene synthesis and counting. However,
there is a considerable sample turnaround time at these laboratories.
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APPENDIX Al
Passive Air Sampling

Prepared by: R.M. Brown and V.J.G. Workman

These procedures are designed for simplicity and ease of analysis, with some
sacrifice of accuracy and sensitivity. The atmospheric C02 collection can be
done anywhere in the field, since it does not use a pump. In the laboratory,
four or five samples can be released and absorbed in parallel ready for
counting without the use of a vacuum system and the time-consuming synthesis
of benzene. However, isotopic fractionation is introduced, since only a
portion of the C02 is recovered in the field absorption of atmospheric C02 and
in the laboratory release and absorption steps. The overall error of the
procedures is estimated to be 5-10%. Such limited accuracy is usually
adequate for environmental monitoring and groundwater dating, in view of
uncertainties in the original natural 1 4C content. For old groundwater
samples, accuracy and sensitivity are limited primarily by the high counter
background (5-6 counts per minute) and low carbon capacity per vial (0.8 g).

1. At the sample site, 100 mL saturated NaOH solution (carbonate-free,
Note 1) are placed in a polyethylene tray (21 x 14 cm x 6 cm deep) and
diluted with 400 mL of C02-free water (final concentration
approximately 3 molar).

2. A nylon net sleeve (e.g., a discarded nylon stocking) is slipped over
the tray to keep out insects and leaves. The tray is placed on a stand
approximately 1 m above ground level under an open aluminum rainshed
(Figure Al-1).

3. The NaOH solution is exposed to the atmosphere for one to two weeks.
Five to seven litres of C02 will be collected over a two-week period.

4. At the end of the periods the NaOH solution is poured into a
polyethylene bottle and brought to the laboratory for analysis. If
there has been crystallization in the tray due to evaporation, use a
minimus) amount of C02-free water to dissolve it.

5. In the laboratory, a 5 mL aliquot of the solution is titrated with 0.25
molar HCl, first to the phenophthalein end point and then to the methyl
orange end point. The concentration of C02 in the total solution is
calculated from the aliquot factor and the difference in titer between
the two end points.

6. A suitable portion of solution is taken to give about 4 L C02 for
release, as described in Appendix C2.

NOTES:

1. Prepared by decanting, through glass wool, saturated NaOH solution from
which insoluble Na2C03 has settled during several weeks.
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APPENDIX A2
Groundvater Sampling - BaCO3 Precipitation

Prepared by: R.M. Brown

1. Three 20 L heavy flexible polyethylene bags (Note 1) are collapsed to
expel air, flushed and refilled with C02-free air or H2, collapsed and
refilled again and the spigot closed. They may be collapsed again for
taking to the field, but it is preferable to collapse then in the field
just prior to use.

2. In the field, a bag is collapsed, 20 mL carbonate-free saturated NaOH
solution (Note 2) poured in through the spigot without letting air in
and the bag connected directly to the pumping system.

3. When the bag is 3/4 filled with sample vater, pumping is interrupted to
add 150 mL saturated BaCl2 solution. Any gas in the bag is expelled
and pumping resumed.

4. When the bag is full, the spigot is closed, pump disconnected and the
bag rolled around to mix the chemicals thoroughly, taking care not to
puncture the bag on sticks or stones. Some slack should be left in the
bag to accommodate subsequent expansion of the cold vater.

5. Three 20 L samples are taken as above.

6. The bags are set aside overnight either in the field or in the
laboratory, to allow settling of the BaCl2-BaS04 precipitate. They
should be arranged with the spigot uppermost, so that they can be
drained by syphoning from the spigot without having to be moved again.

7. After the precipitate has settled, the supernatant is syphoned off
through a suitable length of hose, the bag collapsing as the vater
drains out. All but % L can be removed without disturbing the
precipitate or letting air back into the bag. The drainage water
contains excess alkali and BaCl2, and should be disposed of
judiciously. The precipitate is brought back to the laboratory in the
bags.

8. The bag is partially inflated with C02-free N2 or air, and the
precipitate suspended in the residual water by shaking. The slurry is
poured out into a 2 L bottle that has been flushed with N2. The bag is
washed out with several 200 mL portions of C02-free vater. The slurry
sealed in the bottle is allowed to settle and the supernatant decanted
when the precipitate is to be transferred to a flask for release of the
C02 according to Appendix C2.

9. The bags are rinsed with dilute HCl and water in preparation for reuse.
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NOTES:

1. These bags are sold in hardware stores for camping purposes.

2. Prepared by decanting, through glass wool, saturated NaOB solution fro*
which insoluble Na2CO3 has settled during several weeks.
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APPENDIX A3

Recovery and Measurement of Inorganic 14C froa Small Groundvater
and Surface Water Samples

Prepared by: J.F. Mattie

This method was developed for use when 14C concentrations are well above
background levels, or when only small samples are available. The internediate
step of BaC03 precipitation has been eliminated.

PRINCIPLE

The groundwater sample is collected from observation wells by suction pumping,
using a peristaltic pump and a polyethylene sample tube. The well is pumped
prior to sampling to remove at least two volumes of standing water. A 1 litre
sample is collected in a polyethylene bottle and a 20 mL portion is stored in
a cooler until analyzed for alkalinity (within 16 hours of collection). The
remaining sample is weighed and transferred to a 1 litre ground glass
stoppered reagent bottle and treated with 1 mL of NH40H to raise the pH to
lO'1*. A few drops of methyl orange solution are added to indicate the
endpoint during subsequent C02 stripping.

The C02 is stripped from the sample by adding enough acid to adjust the pB
below 4.3, as indicated by a colour change from yellow to pin!:. The C02 is
then passed through silica gel to absorb any water and tritium, which will
interfere in the liquid scintillation measurement. The C02, exiting the
silica gel trap, is collected into a C02 absorber. The C02 is displaced with
nitrogen sweep gas. A specifically formulated commercial scintillation
cocktail is mixed with the absorber and measured for 1 4C using a liquid
scintillation analyzer.

REQUIRED CONDITIONS

The sample should not be filtered, diluted, concentrated or altered in any
way. Any tritium in the sample will not interfere in the method, as it vill
be removed with the silica gel trap.

ALKALINITY DETERMINATION

The alkalinity can be determined by titration or a carbon analyzer. The
titration method is reported in Standard Methods for the Examination of Water
and Vastewater, Alkalinity Method, No. 403, 15th Edition, 1980. Dilute H2S04
is standardized with a Na2C03 solution following the above method. An aliquot
of sample is simply titrated with dilute B2S04 to an endpoint pH of 4.30. The
titration is made using a Mettler Model DL25 automatic titrator.

(1'Required to ^Mminate C02 loss during storage of sample.
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Alternatively, the titration could be done with a buret. The carbon analyzer
method requires the user to follow the manufacturer's procedure.

RADIOCARBON DETERMINATION

1. A carbon dioxide stripping and transfer apparatus is assembled as shown
in Figure A3-1.

2. The sample is stirred with a magnetic stirrer and stirring bar.

3. Add 1 N HC1 from the 125 mL separatory funnel. Before opening the
stopcock of the separatory funnel, suppress the 20 mL syringe to apply
a little pressure to prevent any C02 from escaping through the
separatory funnel.

4. Continue adding the 1 N HC1 (maintain pressure on the syringe) until
the sample turns pink (below pH 4.3).

5. Close the stopcock of the separatory funnel and bubble the water with
nitrogen sweep gas at a flow rate of about 50 mL.min'1 for one hour.

6. After the C02 stripping is complete, the scintillation vial is
disconnected, mixed with 10 mL of Permafluor V and measured for 1 4C
using a liquid scintillation analyzer.

CALCULATION OF RADIOCARBON

Carbon-14 cone. (Bq.L*1)
Specific Activity (Bq-g"1 of C) =

alkalinity (mg-L-1) / 5.08 x 1000
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FIG. A3-1 CARBON DIOXIDE STRIPPING AND TRANSFER
APPARATUS
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APPENDIX A4
Groundwater Sampling (Large Samples) - Purging and

Recovery of CH4 and C02 for AMS

Prepared by: R.M. Brown

Apparatus is cleaned, dried and assembled as shown in Figure A4-1.

1. Degassing bottle and line flushed with N2 inserted in place of filter.

2. Successively place dry ice-MeOH on T5 and LN2 on T4, T3, T2, Tl in that
order. Put each in place slowly so N2 flow is maintained -1 on
flowmeter (-0.25 L/min).

3. Heat up furnace to 420°C if it was not hot from a previous sample.

4. Insert sample bottle in line. Transfer sample to degassing bottle with
N2 flow -0.25 L/min. If flow slows drastically, replace filter.

5. When all sample is transferred, stop N2 flow to allow additions of
-2 mL methyl orange indicator, 2 x 2 mL water rinse, 10 mL 3NHC1.
Resume N2 flow.

6. Continue N2 flow @ 3 on flovmeter (500 mL/min) for % h.

7. Shut off N2 flow. Close S10 and S2.

8. Crack S3 to VAC. Adjust to maintain -8 Torr while the whole system is
pumped down. The process takes -15 min. The system probably could be
pumped down more quickly.

9. Close S5 and S3.

10. Allow both Tl and T2 to melt to room temperature.

11. Apply LN2 to T2 to freeze down both H?0 and C02.

12. Pump out to <15 mTorr. Close S4.

13. Put a connector and seal-off tube at S2. Pump out to 15 mTorr. Close
S2 and S3.

14. Place LN2 on Tl, open S4 and replace LN2 on T2 with dry ice-MeOH>

15. Stand -10 min while C02 transfers from T2 to Tl. H20 remains in T2.

16. Close S4. Remove LN2 from Tl and allow C02 to evaporate completely.

17. Measure C02 pressure and temperature in volumes M + V3.

18. Adjust to amount required for Accelerator Mass Spec.trometry (AMS)
analysis, returning excess to T2 with LN2.
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19. Freeze C02 for AMS into evacuated seal-off tube. Seal off. Label as
"Methane C02".

20. If desired, transfer any excess C02 from T2 to a suitable sized
container, retaining H20 with dry ice bath on T2.

21. Remove H20 from CH4 system by removing and drying T2 or by distilling
into a take-off tube at S2.

22. Put a nev seal-off tube at S2. Pump out.

23. Open S4 and pump system to S5 to <15 mTorr.

24. Place LN2 on Tl and dry ice on T2. Remove LN2 from T3 and T4 at right
of system, allowing C02 and water to transfer through the furnace to Tl
and T2.

25. Close S4 and S5. Remove LN2 from Tl.

26. Repeat Steps 17 to 22 above. Label sample as "Carbonate".

27. When done, pump out whole system, proceed to next sample or shut off
furnace and leave system pumping.
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T2

Filter

B2

Hi Vac Gauge
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(Hopcalite)

M Manometer volume from S1 to bottom of meter stick = 65 mL
Correction for Hg~occupied volume = -(0.5 x mano rdg (cm)) mL

V1 Standard volume flask = 219 6 mL
V2 Volume from S2 to S11 = 5.5
V3 Volume from S1 to S4 = 176.
V4 Volume from S4 to S5 = 150.

T2, T3, 1U essentially same volume = 150.
M + V3 = 241.

B1 Degassing flask [U litres)
B2 Sample bottle (2.5 litres)

FIG. A4-1 APPARATUS FOR PURGING AND RECOVERY OF
AND C02
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APPENDIX A5
Cellulose Separation Procedure

Prepared by: J. Yaraskavitch and R.M. Brown

Method of Norman and Jenkins in "Wood Chemistry", p. 589, L.E. Wise Ed.,
Reinhold Pub. Corp., 1946

Do in fumehood. Cl2 gas released.

1. 10 g of sawdust (-40 mesh) extracted with 1:2 methanol-benzene mixture;
soak overnight, decant and filter through a glass frit.

2. Extracted wood mixed with 250 mL 6% Na2S03,, heat to boiling.

3. Filter using a glass frit, add 300 mL H20 and 50 mL 6% NaOCl (household
Javex). Stir for 10 minutes.

4. Filter. In beaker, add 150 mL H20, 250 mL 6% Na2S03. Boil 20 minutes.

5. Filter and wash. Repeat steps 3 and 4. Filter and wash.

6. Suspend material in 100 mL H20. Add 25 ml, of 3Z NaOCl and 10 mL of 20Z
H2S04. Let stand at room temperature 10 minutes. Filter and was;..

7. Make up to 150 mL with water. Add 250 mL 6Z Na2SO3. Boil 20 minutes.
Purple colour indicates continuing presence of lignin. Filter and
wash. Repeat steps 6 and 7 until no further indication of lignin -
usually -5 acid-hypochlorite treatments are needed.

8. Hot water wash.

9. Wash with 95Z ethanol or methanol, then ether. Dry in air and then
oven. This produces a soft white cellulose. Drying from water
produces a hard product.
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APPENDIX Bi
Bomb Combustion of Organic Material for C02 Recovery

Prepared by: R.M. Brown and S.J. Kramer

Figure Bl-1 shows the Parr combustion bomb used.

1. See Note 1 for method on preparing sample in combustion cup.

2. Connect the two electrodes with 15 cm of Parr nickel fuse wire. Push
the fuse wire through the hole in each electrode and wrap it tightly
around the electrode about three times. The fuse wire should make firm
contact with the sample but should not touch the combustion cup.

3. Check the electrical resistance of the fuse wire (about 8-11 0). If it
is low, the wire is shorting somewhere. If it is high, connection to
the electrodes is poor. See Note 2.

4. Place a 150 mL beaker containing a stir-bar and 100 mL of 4 N NaOH
solution (carbonate-free) in the bottom of the bomb to one side. Note:
The NaOH solution is prepared by adding 20 mL of saturated NaOH
filtered through glass wool to 80 mL of C02-free distilled water.

5. Place the 0-ring on the bomb head, checking it first for nicks.

6. Put the bomb head into the bomb making sure that the rod on the bomb
head does not get placed into the NaOH solution. Check the resistance
again.

7. Mount the clamping ring (two half rings) on the top and finger tighten
the bolts. Mount the clamping ring (full ring) and finger tighten its
one bolt. Finally tighten all bolts with a wrench.

8. Connect the 02 cylinder and flush bomb with 02 for about 30 seconds.
Pressurize bomb slowly to 20 atmospheres (300 psi). Close valve on
cylinder and needle valve on the bomb. Vent connecting line and
disconnect from bomb.

9. Place bomb behind concrete block shield. Attach electrode leads.

10. Fire bomb by pressing button on ignition unit. A light on the unit
should go on, then off immediately as the fuse wire burns through.
Pressure will rise to about 500 psi on bomb gauge and then slowly
return to 300 psi (20 atm.). The bomb should also get quite warm,
especially near the top. Let the bomb sit for 3-4 minutes before
moving it.

11. Place bomb on magnetic stirrer, offset slightly, to center beaker in
bomb on stirrer (you should be able to hear the stir bar). Stir for 30
minutec to absorb the C02 directly in the bomb.
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12. Vent bomb slowly into fume hood by opening valve.

13. Remove clamping rings and open bomb.

14. Remove beaker and pour its contents into a 250 mL Erlenmeyer flask for
release or pour into a 125 mL Nalgene bottle for storage and future
release.

15. Wipe the vater out of both the bomb head and the interior of the bomb.

16. Clean the combustion cup (with alconox if necessary) and rinse
thoroughly with distilled H2C.

Note 1:

i) Leaves, pine needles, grass, etc.
Oven-dry vegetation and store it in Nalgene bottles or glass jars. Use
gloves at all times when handling sample. Break up vegetation with
fingers to store in bottles.

Weigh -3.5 g into a plastic weighing boat. Transfer contents to the
combustion cup and wet with about 0.5 mL of double distilled water to
pack down the vegetation (use fingers to help pack down if necessary).

ii) Sucrose
When combusting sucrose, about 2 g is used. A strip of plastic is
placed over the fuse wire to make contact with the sample.

iii) Cellulose
Thread the fuse wire through a small hole in a 2 g piece of cellulose.

iv) Soil (>10% organic)
Weigh about 10-20 g of soil and place in combustion cup. A strip of
plastic used as a fuse (as in ii) may be required.

v) Milk Powder
Wet about 2 g of milk powder with enough distilled water to get it to
stick together in the form of a pellet.

Note 2:

If separation of tritiated water vapour and/or other volatiles is desired,
omit step 4 and steps 11 to 15. After step 10, slowly vent the bomb through
two bubblers in series, the first containing H20 and the second containing
NaOH. When the bomb is depressurized, the remaining vapour can be swept out
with N2 gas.
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FIG. B1-1 PARR OXYGEN COMBUSTION BOMB APPARATUS
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APPENDIX B2

Ignition Tube Combustion for Larger Samples

It is frequently necessary to ignite samples larger than can be accommodated
in the Parr bomb, in order to obtain adequate 1 4C0 2 for detection. Two
slightly different procedures have been developed, depending on the total
organic matter present and whether or not there is a need to trap organically
bound tritium and/or other volatiles at the same time.

A. COMBUSTION OF MATERIALS CONTAINING >10Z ORGANIC MATTER

Prepared by: R.M. Brown

This procedure was developed primarily for organically bound tritium analysis
but is also suitable for 1 4C analysis.

1. Apparatus is cleaned, dried, assembled as shown (Figure B2-1).

2. Sample is pre-dried preferably in some closed system such as a vacuum
oven or heated desiccator to avoid equilibration with atmospheric HTO.

3. Sample is placed in Vycor sample tube © (15 cm tube takes up to 10 g,
longer tube for larger samples). If sample is powdery, use a loose ply
of ignited asbestos to close the jet tip. Do not pack sample unless it
is porous such as cellulose. Attach sample tube to the gas inlet tube
as shown by means of the Teflon plug CD• Teflon tape is used to give
a firm fit to prevent blow-off. Insert into combustion tube, attach
and turn stopcocks (3) and @ to vent.

4. Final dryness of sample can be tested, or further drying done by
evacuating the system through dry ice-cooled trap <y) . To promote
drying, heat sample portion of tube to 130°C with heating tape. Dry N2
flow through the system via @ and Q) can be used to sweep out water
vapour. Check for moisture by looking for frost in trap (Q .

5. When the sample and system are acceptably dry, remove any condensate
from trap (£7) • Levels of potential tritium contamination can be
checked by counting any such condensate.

6. Bleed N2 into system slowly via (5) and (§) to bring it to atmospheric
pressure on pressure gauge (5). Turn stopcock @ to oil bubbler vent
@ . When atmospheric pressure is reached, turn (5) to vent, shut off
N2 supply and close stopcock (5).

7. Feed 02 into the outer combustion tube via @ at a flow rate of about
1000 mL/min. Apply dry ice - methanol cooling to traps (Q) and @ .
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8. Apply burner at @ to heat Pt ignitor. Sample in tip of tube will be
heated enough to generate gas. If system smokes increase heating of Pt
to promote ignition. On ignition, a yellow smokeless flame 1 to 2 cm
long should be maintained at the jet. Adjust 02 flow rate to give
proper flame. As the sample chars, slowly move the burner along the
sample tube to maintain a steady flame. A second burner should be used
to keep the ignitor hot when the sample burns back from the tip.
Control flame size and combustion by adjusting 02 flow rate and heating
of sample.

9. When charring has reached the end of the sample tube, the flame will go
out. Rotate (2) and (5) to bleed 02 into central sample tube. Heat
sample char at gas entry point if required to ignite. Regulate
combustion by controlling 02 flow at (2). Char will glow brightly.
Allow combustion to advance along the sample tube towards the jet. 0,
at (4) can be closed off to provide more at (|). Maintain heat at @.
Continue until all sample is burnt completely - a white ash will be
left usually.

10. At the end of the combustion, shut off 02 at the tank, then turn ®
and (4) to vent. Slowly evacuate the whole system via @ , checking
for any leaky joints. Combustion water will have collected at the end
of the combustion tube and in riser to the trap <Q) . Use heat gun to
distill all water into trap @ ? then close off combustion tube at @
and @ •

11. Distill any sample water from trap @ back to trap (Q) heating the
glass wool in Q$ strongly to release all water. Close stopcock 16
between. Drive all sample down the trap wall as far as possible.
Remove and weigh into a storage vial.

12. If the combustion has gone cleanly, it should not be necessary to take
the apparatus apart to clean before the next sample. Remove and clean
tubes of traps (Q) and @ . If the apparatus is dirty (tars),
dissemble, clean stopcock grease off with toluene, clean all parts with
Alconox and brush. Residual carbon is burnt off the Vycor combustion
tube (Q) and sample tube (9) by heating in a burner.

13. For 1 4C0 2 recovery, a fritted scrubber containing 0.5N NaOH solution
(carbonate-free) is attached at @ followed by the oil bubbler vent
or a flow meter. For high 1 4C content, 1 4C measurement and carbonate
titration can be done directly on aliquots from the scrubber contents.
Purging with N2 is advisable to remove 02. For lower levels of 1 4C,
all C02 from the scrubber contents should be released (by
acidification) into Packard Instrument "Carb-Sorb" for counting as
detailed in a separate procedure. When C02 is to be recovered, CuO is
placed at (Q) in the combustion tube and heated to 800°C by a furnace
during combustion to ensure complete combustion to C02 (e.g., CO+C02).
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FIG. B2-1 APPARATUS FOR IGNITION TUBE COMBUSTION
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14. Milk, samples have shown evidence of a blue condensate with the
combustion water sample. The blue substance evaporates on slight
warming from LN2 temperature and is thought to be N02. This causes
quenching in liquid scintillation counting and this combustion water
shows a low counting efficiency. Passage of H20 vapour over not Cu
turning will reduce N02 to N2.

B. COMBUSTION OF SOIL CONTAINING <10Z ORGANIC MATTER

Prepared by: R.M. Brown and S.J. Kramer

Slow charring of the samples is omitted here, and the double ignition tube is
replaced by a single tube and furnace.

Figure B2-2 shows the combustion apparatus used. Oxygen is passed through a
quartz tube and over the sample contained in a quartz boat. The combustion
gases pass over a cupric oxide catalyst to convert any CO to C02 and then pass
through two bubblers. The first bubbler contains H20 to trap any particulates
or water soluble contaminants while the second bubbler contains 4 N NaOH to
capture the C02 evolved from the combustion.

1. Section the soil core into 1 cm slices (diameter 5 cm) and dry in an
oven.

2. Preheat tube furnace to 600°C.

3. When the furnace is up to 600°C, purge the quartz combustion tube with
02 for about 5 minutes (-0.3 L/min).

4. While purging the tube, prepare 150 mL of 4 N NaOB solution (carbonate-
free) and pour into bubbler.

NOTE: The NaOH solution is prepared by adding 30 mL of saturated NaOH
filtered through glass wool to 120 mL of C02-free distilled water.

5. Pour 150 mL of C02-free distilled water into a bubbler.

6. Weigh the quartz boat, then place one soil section into the boat and
reweigh.

7. Assemble the apparatus placing the H20 bubbler and then the NaOH
bubbler in series after the combustion tube.

8. Adjust the 02 flow to about 0.2 L/min.

9. Insert the quartz boat containing the soil into the center of the tube
using tongs and quickly reassemble system so 02 is flowing over the
sample.
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10. After 5 minutes, increase the 02 flov to 0.3 L/min and allow to flow
for 25 minutes.

NOTE: If a measurement of inorganic carbon is also required, change
the two bubblers at this point to fresh solutions of H20 and NaOB and
increase the furnace temperature to 900°C.

11. Disassemble bubblers pouring the NaOH solution into a nalgene bottle
for further release. Discard the H20 from the other bubbler.

NOTE: Volatiles can be recovered from the water if required.

12. Pull out the quartz boat and allow it to cool.

13. Reweigh the quartz boat and soil for % loss calculation.
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APPENDIX Cl
Benzene Synthesis Line and Counting lechnique

Prepared by: R.J. Schultz and R.M. Brown

I. Measurement and Collection of C02

All of the system from stopcock®on, shown in the attached diagram
(Figure Cl-1), is evacuated and all stopcocks and valves are closed.

1. The C02 trap from the combustion system, still immersed in LN2, is
connected to the benzene line with rubber tubing, just below stopcock

2. Stopcocks(4)2>Xz)are opened and section B is pumped to the ultimate
vacuum attainable. The reading of either manometer is recorded (PI,
cm Hg) and@and(j)are closed.

3. Stopcock(5)is opened and when the section between (5) and (|) has reached
ultimate vacuum,(2)is opened and the C02 trap is pumped out. (This
will have been evacuated, to a lesser degree, on the combustion line.)

4. Stopcock@is closed and@and(6)are opened so that there is a direct
path from the C02 trap and the C02 is allowed to fill section B. Vhen
the pressure comes within 8-10 cm of atmospheric on the manometer,
stopcocks(5)and(5)are closed and N2 reapplied to the transfer trap to
retain any excess C02 in case another sample is desired. Stopcocks(l)
and(2)must be opened to the atmosphere when N2 is no longer maintained
on the trap.

5. After a minute or two, the manometer reading is recorded (P2, cm Hg).
The temperature is recorded (T°C).

6. Using LN2, the C02 is frozen into the finger of the storage bulb, and
when PI is reached, ©and(§)are closed.

The volume of the C02 is estimated as follows: (S.T.P., in mL).

(2449 - (0.56 P,) x (P1-P2) x 273.2
Vol = — —- - - (mL STP)

76 x (273.2 + T)

2449 mL = volume of section B, with no mercury in the manometer coluans

0.56 cm2 = cross-section of the two manometer tubes

The 2 litre bulb contains 2132 mL STP.
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II. Lithium Carbide Production

All stopcocks and valves should be closed.

1. The metal pot is pumped out by opening stopcocks(TXD© Some cold water
is put into the cooling can and the pot is torched to red heat on the
bottom and for 4-5 cm up the sides. When the pot is degassed (ultimate
vacuum of the system is reached), it is allowed to cool.

2. For each litre of C02, 2.03 g of Li are weighed out. The Li is cut into
3 or 4 pieces.

3. Stopcock® is closed and the pot is vented through @ and removed. An
argon flush is set up to blow air from the pot while the Li is being
cleaned as follows: each piece is immersed in methanol until silver-
coloured, then given a benzene-rinse before insertion into the pot. The
argon flow is shut off when the Li pieces are dry and the poĴ jL£_
immediately connected to the vacuum line and pumped
closed).

*. The Cr/Al thermocouple is inserted into the pot bottom and the cooling
can on the pot is filled with ice.

5. The Li is degassed by warming the bottom of the pot to -150°C for about
five minutes while pumping. Stopcock@is then closed and C02 is
admitted to the system through©

6. The heat input to the pot bottom is increased until the C02 pressure
begins to drop, and the temperature is then maintained at -550°.

NOTE: Be ready to close 6, as the reaction is exothemic and has the
potential to proceed too quickly and burn through the pot.

7. The reaction may take up to % h for a 2 litre sample. As the system
pressure approaches within 7 or 8 cm of absolute vacuum,(g)is closed and
the remaining C02 is frozen into the finger below. Stopcocks © a n d (6) are
then closed. The finger is allowed to warm up a n d ® i s opened as soon as
the C02 begins to build up pressure.

8. The reaction is pushed to completion by warming the pot sides with the
torch and/or by cycling from high temperatures to low temperatures (e.g.,
1000°C-500°C).

9. When the C02-Li reaction is finished, the pot sides and pot bottom are
heaited cherry red for -5 minutes. The pot is then pumped through(f)and
allowed to cool.
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III. Acetylene Production

Acetylene pressure is always kept below atmospheric. Acetylene is unstable
above 15 psi gauge. All stopcocks and valves should be closed at this point.

1. Stopcock® is opened to the manometer and the pot is pumped to ultimate
vacuum through (9)(Q) and (Q).

2. The pot is immersed in cool water and an ice bath is placed around the
water trap. A methanol-dry ice bath is placed around the acetylene
drying trap D and the acetylene trap E is surrounded by LN2 in a Dewar.

3. The water reservoir above @ is filled with carbonate-free distilled
water. The reservoir contains -75 mL. For pre-modern samples, this
water should be tritium-free.

4.* Stopcock @ is closed, and water is admitted through @ , slowly at first,
until the rate of gas production has been ascertained. As the system
pressure approaches atmospheric, the H2 gas formed is pumped through @ -
Pirani gauge reading -1000 mTorr.

NOTE: Do not allow air through @ (i-e., do not drain all of the water
into the pot).

5. Water is added to a total of -180 mL, while periodically pumping off the
H2 gas and trapping the C2H2 in the LN2 trap.

6. When the generation of gas ceases, the system is pumped down and
stopcocks(9)and (Q) are closed.

IV. Benzene Production

All stopcocks and valves should be closed.

1. About 25 g of catalyst is used for a 2 L sample of C02. This catalyst is
activated by heating in air for si hour at 450-500°C. The catalyst is
then transferred to the vessel and pumped through (f^ and @ while hot.
Valve © is also opened,

2. When the benzene collector and catalyst vessel have been pumped to
ultimate vacuum, (f^ is closed and @ is opened until ultimate vacuum is
reached. (This section may already be at the lowest pressure
attainable.) @ is then opened and the three sections £, F, and G are
pumped on until the catalyst has cooled to about 30°C. Valves (£2) and @
are closed.

3. Have an ice bath ready to cool the catalyst vessel should the temperature
rise quickly (keep T^IOO'C).

4. Valve (Q) is opened and the LN2 Dewar on the acetylene trap is replaced
with a methanol-dry ice bath. This allows the acetylene to sublime fron
the trap and thence contact the catalyst.
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5. The C2H2 comes off too fast for the catalyst to absorb, and therefore the
system pressure builds up. When the pressure approaches atmospheric,
valve @ is closed and a Dewar of 1^, is placed around the benzene
collection finger. Valve @ is closed (the Dewar is left on the finger)
and <0 is opened again, until the pressure rises too high, and then the
above procedure is repeated.

6. When all of the C2H2 has vapourized, valve @ is closed and the C2H2 is
frozen into the finger thru @ . Valve @ is closed and finished with
when the gauge pressure has reached the gauge "zero".

7. Valve @ is closed and (Q is opened. The pressure is observed and one of
two actions are taken, depending on the pressure.

(i) Pressure is low (̂ 7 or 8 gauge): Valve @ is closed and <[|) is
opened. The LN2 Dewar is removed from the finger and when C2H2
pressure begins to rise, @ is opened. The pressure is allowed to
build up to -14 (gauge), then (R) is closed and the Dewar quickly
placed around the finger. Valve @ is closed, then @ is opened,
and step (ii) is followed.

(ii) Pressure is high (-10-14 on gauge): If the reaction is not
proceeding (i.e., pressure steady over catalyst), then the catalyst
is heated to 40-45"C or until the pressure begins to drop. At this
point, the reaction goes quickly, accompanied by a marked
temperature rise. An ice bath is placed on the reaction vessel.

8. Additional C2H2 is admitted in a manner similar to step 7(i) and as the
reaction proceeds, the C2H2 is used up at about the same rate as it
sublimes from the finger. The reaction is very exothermic, however, and
if the temperature exceeds 95°C, valve (R> is closed and the C2H2 is kept
frozen in the finger until the catalyst temperature has dropped to -70°C.

9. Step 8 is repeated until all of the C2H2 has been used up - indicated by
a pressure drop to -5 (gauge) or C6H6 droplets form on the vessel walls.

10. The LN2 Dewar is placed around the CdH6 collector and the catalyst vessel
is heated to about 200°C. The collection process is completed after any
or all of the following circumstances:
(i) 15 to 30 minutes has elapsed,
(ii) gauge pressure is at gauge "zero",
(iii) the neck of the catalyst vessel is translucent (due to low vapour

pressure hydrocarbon?).

11. Valves (S) and @ are closed.

12. The o-ring clamp is removed from the C6H6 tube and the Dewar is removed.

13. As the tube warms up, residual C2H2 sublimes and when the pressure rises,
the tube comes off readily and is plugged with a cork. Any further C2H2
is released by removing the cork a couple of times until no "pop" is
heard.
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14. The C6H6 is allowed to melt, then transferred vith a spitzer to a weighed
glass counting vial.

V. Counting Technique

1. Scintillator is prepared by dissolved Butyl-PBD in reagent benzene:
50 mg Butyl-PBD/g of benzene.

2. The sample is made up to 1.40 g as follows:
(i) 0.28 g of scintillator is added,
(ii) reagent benzene is added to a total of 1.4 g.

e.g. Sample wt.: 1.05 g
Scintillator: 0.28 g
Dead C6H6: 0.07 g

TOTAL 1.40 g

3. A background sample is made up as follows:
(i) 0.28 g scintillator,
(ii) 1.12 g dead (reagent) C6H6.

4. The vials are blackened, using a "Pilot Marker", from the meniscus top to
the cap.

5. The labelled vials are placed in the liquid scintillation counter and
counted in an energy channel optimized for 1 4C in benzene.

6. When sufficient counts have been collected (say, 5 cycles at
50 min/cycle) the sample counting efficiency is determined by spiking the
sample as follows:
(i) weigh vial,
(ii) add 15-20 drops of C-14 spike, using spitzer,
(iii) re-weigh vial and discard spitzer in active container.

7. Efficiency = (spiked sample-unspiked sample) cpm/dpm of spike added.

VI. Data Analysis

1. The Background c/m and its standard error are determined directly on the
HP25 as follows:

input all data using Z+ key
fx gives mean c/m
fs gives standard deviation
fs//n gives standard error, n=# of cycles.

The Background result is recorded as X c/m ± standard error (S.E.).
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2. Sample gross c/m and its standard error are determined in a similar
manner.

3. Net sample c/m=(gross c/m-BGD c/m) ± net S.E.

net S.E. = J(BGD S.E.)2 + (Sample S.E.)2

4. Theoretical errors on the BGD and Sample are determined as follows:

Jc/m x total counting time / total counting time

5. Net theor. ERROR = J(BGD) theor. error)2 + (Sample theor. error)2

6. The ratio of the net STD.error to the net Theor. error is recorded, and
is an indicator of the goodness of the data. Acceptable ratios are in
the range 0.8-1.2.

7. The net sample c/m is calculated in terms of dpm/g carbon as follows:

(net c/m 13 ")
x — / wt of C6HSefficiency 12 J

8. The S.E. is calculated as follows:

S.E. on Sample c/m
x dpm/g carbon

sample c/m

9. The dpm/g carbon is converted to % modern:

dpm/g carbon
% Modern = -*—— — x 100

13.56

where 13.56 dpm/g carbon is the specific activity of natural radiocarbon
in 1950 wood.
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APPENDIX C2
C02 Release and Absorption in Carbo-Sorb and Counting Technique

Prepared by: R.M. Brown and S.J, Kramer

Figure C2-1 shows the apparatus used for C02 release and reabsorption.

1. Dispense approximately 10 g (11.6 mL) of Packard Carbo-Sorb E into a
tared 50 mL polypropylene centrifuge tube (twist on cap). Record tare
weight and weight of Carbo-Sorb. Cool Carbo-Sorb in an ice water bath
for 10 minutes.

2. Pour the sample (4 N NaOH) into a 250 mL Erlenmeyer flask. Add three
drops of Methyl Orange indicator solution and a stir-bar to the flask.
Insert a rubber stopper with a dropping funnel, an N2 inlet line and a
gas outlet line into the neck of the flask. Place on a magnetic stirrer.
Attach a plastic tube containing SiO2 gel to the gas outlet tube.

3. Run N2 through the system to purge it for 5-10 minutes.

4. Change the cap on the centrifuge tube containing the Carbo-Sorb E ™ to a
cap with a hole large enough for the pipet to enter. Insert the pipet to
the bottom of the tube and connect the gas outlet line from the discharge
end of the silica gel drying tube to the pipet.

5. Drop sulphuric acid (9 M) into the stirred NaOH solution until no more
C02 is released and the solution changes from yellow to pink. This takes
about 20 minutes. Keep the N2 flow to a minimum (it can be turned off
when C02 release becomes great enough to prevent back flow of Carbo-Sorb
E).

6. Remove the cap on the tube and the p*pet. Wipe the tip of the pipet on
the inside of the tube to remove as much Carbo-Sorb E as possible. Dry
the outside of the tube and replace the original cap. Weigh the Carbo-
sorb and absorbed C02. The difference in weight from Step 1 is the
weight of C02 absorbed.

Preparing Sample for Counting

1. Add about 13 g (16 mL) of Permafluor E to the Carbo-Sorb E/C02 solution.
Record the weight. Mix thoroughly by shaking.

2. Weigh an aliquot (about 20 g) of the Permafluor/Carbo-Sorb E/C02 mixture
into a polyethylene counting vial with a foil-lined cap. Record net
weight of vial contents to calculate aliquot factor.

Counting

1. Place in counter. Count for 3 cycles of 60 minutes each (channel 3-30).
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2. Two background vials (prepared with 14C-free C02 from dry ice) and two
spiked vials are counted along with the samples.

Preparing Blanks and Spikes

Figure C2-2 shows the apparatus used for blanks and spikes.

1. Dispense approximately 10 g (11.6 mL) of Packard Carbo-Sorb E into a
tared 50 mL polypropylene centrifuge tube (twist on cap). Record tare
weight and weight of Carbo-Sorb. Cool Carbo-Sorb in an ice water bath
for 10 minutes.

2. Place a few pieces of dry ice into an erlenmeyer flask.

3. Insert a rubber stopper with a gas outlet tube into the flask. Attach a
pasteur glass pipet to the outlet tube.

4. Change the cap on the flask to one with a hole in it and insert the glass
pipet to the bottom of the tube.

5. Allow the evolved gas to bubble through the Carbo-Sorb until the amount
of C02 absorbed is about the same for the blanks and spikes as for the
samples.

6. Remove the cap on the tube and the pipet, wiping the tip of the pipet on
the inside of the tube to remove r.s much Carbo-Sorb as possible. Dry the
outside of the tube and replace the original cap. Weigh the Carbo-Sorb
and absorbed C02. The difference in weight from Step 1 is the weight of
C02 absorbed.

7. For the blank, prepare for counting the same as for the sample.

8. For the spike, prepare for counting the same as for the sample; however,
add a known amount of 1 4C to the final vial with a calibrated pipet.
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APPENDIX C3
Reduction of C02 with Mg for AMS Sources

Prepared by: R.M.Brown

co212 mgC
(22.4 mL STP)

•• 2Mg

2x24 mg
-> 2MgO H Ci

12mgC

Use 1.25x stoichiometric amount of Mg for <Z0 mgC (i.e., 12 mgC and 60 mg Mg).

For 12 mgC (22.4 mL STP C02)

1. Weigh 60 mg Mg turnings on analytical balance. Break up into small
pieces and put in bottom of steel reaction tube.

2. Attach reaction tube to vacuum line, evacuate, warm slightly to degas.
Pump well, ensuring that there are no leaks.

3. Measure out 22.4 mL STP C02 sample in LHS system.

4. Freeze down C02 in cold finger at Mg tube. Close off from main system.
Remove N2 from C02 and heat end of reaction tube where Mg is to red
heat with torch. C02 reacts as it evaporates.

5. When all C02 has reacted, pressure gauge •+ 0. Eeat all of Mg tube to
bright red heat. Allow to cool.

6. Remove Mg tube. Dump contents into 15 mL centrifuge tube.

7. Use water and scraping with spatula to recover as much C as possible
from reaction tube. Then use 6N HC1 washes and scrapping until no more
carbon can be recovered. Finally wash tube with water.

8. Combine all water and HC1 washes and scrappings. Centrifuge. Discard
supernatant. Add 6 mL cone HCl, stir into the solids, place in hot
water bath for 15 min, taking care that the solution does not boil
over.

9. Centrifuge and discard solution. Repeat extraction using 6N HCl.

10. Repeat as often as required to ensure that all Mg and MgO is washed
out.

11. Finally, wash carbon two or three times with hot water, centrifuging
between each wash. Final wash should be neutral.

12. Transfer to weighed glass scintillation vial with minimus amount of
water.

13. Dry on top of oven, then in oven overnight. Weigh.
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