Sampling
Procedures
for Isotope
Hydrology
Proper sampling and field measurements
of both physicochemical and isotopic
parameters are critical to ensure high
quality analysis, reliable interpretation of
data and consistency for incorporation of
results in global hydrological databases.
This booklet is a companion to the IAEA
video “Introduction to Water Sampling
and Analysis for Isotope Hydrology”. It can
be easily taken on-site, and serves as a
guide during sampling to ensure that all
procedures are performed correctly.
Before embarking on a sampling
campaign, ensure that all materials and
equipment needed for field work have
been properly checked and packed.

1. Location of sampling point (Coordinates)
Once on-site, the location of a sampling point must be recorded as accurately as possible
either by using the global positioning system (GPS), or a high resolution topographic map.
Record the coordinates, i.e. latitude, longitude and altitude, and nearby landmarks, if any.
It is preferable that coordinates are given in decimal degrees (with at least four decimal
places and preferably using the WGS-84 datum). Also, note the date and time of sampling.
2. WATER Depth Measurement
The static water level of a well should be measured below a reference point. This measurement
should be made before the well is purged to remove stagnant water. Measure the water level
using either a measuring tape or commercially available electrical sounders and record
the readings (this may be complemented with information on total depth, screen depth, etc.).
3. Purging of Well
After recording the water level, purge the well with a pump. In general, three well volumes
should be pumped out before samples are collected.
4. On-Site PhysicoChemical Measurements
After purging is complete, the well is ready for field measurements of conductivity,
temperature, pH, dissolved oxygen and alkalinity.
Conductivity
The conductivity meter must be calibrated following the manufacturer’s instructions.
Normally, a calibration standard with a conductivity of 1413 µS/cm at 25°C is used.
The conductivity meter should be calibrated before use.
Make sure that the electrode is rinsed with distilled or well water before measurements are
made. To measure sample conductivity, the sample is poured into a beaker or into a flow
through cell and the conductivity electrode is inserted. Once the readings have stabilized,
record the temperature and conductivity of the water sample.
pH
Operate the pH meter according to the manufacturer’s instructions and calibrate the meter
accordingly. Two or three standard solutions or pH buffers are used for this calibration.
Commercially available pH buffers may be found in different forms, including tablets, colourcoded solutions, or disposable packs.
Set the pH meter to calibration mode. Insert the electrode into the first buffer of higher
pH, for example pH7. When the correct pH display is seen, store the reading in the unit
by pressing the appropriate key. Remove and rinse the electrode. Place the electrode into
the second buffer solution of lower pH, e.g. pH4. When the reading stabilizes and the correct
pH display is seen, the pH meter is calibrated and ready for measuring.

Switch to measurement mode. To measure the pH of a sample, insert the electrode into
the sample (beaker or flow though cell), press the appropriate key, and wait for the reading
to stabilize.
Do not stir the electrode as vigorous stirring may change the sample pH through degassing
of carbon dioxide. After measurements have been made, clean the electrode and store in
the storage solution.
Dissolved oxygen
Dissolved oxygen is measured either by using a meter with a dedicated submersible probe,
or with the spectrophotometric method described below, using vacu-vials and a field
spectrophotometer.
Using this second method, insert the sealed zero-oxygen blank ampoule into the sample slot
aligning the marks on the meter and the ampoule. This calibrates the spectrophotometer.
Fill the sample container (beaker) with well water. Insert the vacu-vial filled with the
necessary reagents into the water and break the tip of the vial. Water is sucked into the vial
and a blue colour develops depending on the concentration of dissolved oxygen. Clean
the vial using tissue paper and depress into the sample slot, aligning the marks on the
spectrophotometer. Record the dissolved oxygen value of the sample, usually expressed in
milligrams per litre or parts per million.
Alkalinity
Alkalinity is usually measured through chemical titration using commercially available field
kits. Instructions for use are generally included with these kits.
Fill the vial up to the mark with the water sample. Add a drop or two of phenolphthalein
solution. The sample will turn from colourless to pink. Titrate with the acid supplied in
the kit. For best results, add one drop of the acid, shake the beaker, and note the colour.
If there is no change in colour, repeat the procedure until the solution becomes colourless.
Record the amount of acid used to reach this point.
Next, add a drop or two of total alkalinity indicator solution to the sample. Titrate further to
the end point as indicated in the kit, in this case from green to brown. Record once again
the amount of acid used and calculate the alkalinity value according to instructions, usually
expressed in mg/L HCO3.
5. Filtration, acidification and labelling of samples for chemistry
Filtration of samples in the field is required for laboratory measurement of cations and
anions.
After disassembling the two-chamber filtering unit, remove the filter cover, which is usually
bluish in colour. Lift, using forceps, the white 0.45 µm membrane filter and place onto
the filter holder. Place the filter holder on the lower chamber of the filtration unit and screw
on the upper chamber.
Unscrew the lid of the upper chamber and pour about 500 mL of the sample into
the chamber. Screw on the lid of the upper chamber and apply a vacuum with a hand pump.

When the sample is filtered, unscrew the upper chamber and pour the filtered sample into
the sampling bottles.
For cations, acidify the filtered water sample using a few drops of concentrated nitric acid.
Close the lid and shake the bottle (collect about 125 mL).
For anions, do not acidify; there is no need to add any chemicals (collect about 125 mL).
Label the bottles carefully with the relevant information about the sample.
6. Stable isotope sampling
Sampling for oxygen-18 and deuterium is simple. No sample filtration or preservation is
required. Fill a 50 mL, double capped, glass or polyethylene bottle directly from the source or
from a secondary container. Clearly label the sample with all details. Make sure the bottles
are tightly capped. During sampling, storage and transportation to the laboratory, take care
to avoid evaporation of the sample.
7. Tritium sampling
Sampling for tritium is also simple. Normally, a 500 mL sample is sufficient. Depending
upon the tritium content and measurement technique, a larger, 1 L sample may be
necessary. Polyethylene or glass bottles are suitable for tritium sampling. No filtration or
preservation is necessary for tritium samples. Label bottles properly and carefully with
waterproof markers. Ensure that no writing is smeared due to water. If necessary write
sample numbers at different places on a bottle or on labels.
8. Carbon-13 and Radiocarbon sampling
Conventional method
For carbon-13 and carbon-14 analyses, about 2.5 g of carbon are required. This amount of
carbon may be obtained from a 40–60 L sample volume, depending upon the alkalinity of
the water. Therefore, sample processing in the field is essential to avoid shipment of large
volumes of water to the laboratory. With this
method, all inorganic carbonate species are
precipitated from the water at high pH and the wet
Stirrer
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The field apparatus consists of a 60 L specially
fabricated plastic container to which a wide
mouthed plastic bottle of 1 L capacity can be
screwed. The amount of water to be processed is
calculated using the alkalinity measurement from
the field. Generally, a minimum amount of 50 L is
processed.
Fill the container up to the top with groundwater.
Insert the stirrer and close the lid.
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Add about 50 mL of carbonate-free concentrated sodium hydroxide to raise the pH of
the sample to about 11. If necessary, confirm the raised pH of the sample by using pH testing
paper or a pH meter. Cabonate-free sodium hydroxide solution should be prepared and
aliquots bottled in a laboratory prior to the sampling campaign.
After adding sodium hydroxide, minimize exposure to the atmosphere so that atmospheric
carbon dioxide does not contaminate the sample.
Stir the sample using the stirrer. Add about 5 g of iron sulphate to the sample. This will
facilitate formation of carbonate precipitate.
Add about 150 g of strontium chloride or barium chloride powder to form a fine cloud of
carbonates. Close the lid and stir the sample.
Check for complete precipitation by adding a small amount (25–30 g) of chloride powder to
the top of the tank without stirring. If any cloudiness appears, indicating further precipitation,
more chloride powder and possibly sodium hydroxide solution must be stirred in to ensure
complete precipitation.
Add 40 mL of Praestol solution to the sample. It is a polyacrylamide and is used as a
coagulant to speed up this process.
After addition of all these reagents, the precipitate quickly starts to settle to the bottom
of the apparatus, filling the 1 L bottle attached to the bottom of the container. When all
the precipitate settles at the bottom of the funnel portion of the container filling the attached
bottle, a rubber stopper fitted at the end of a steel rod is inserted and the container is closed
at the bottom, so the filled 1 L bottle can be removed. If necessary, more bottles should
be attached and precipitate collected. Tightly cap and properly label the bottles, indicating
the sample number, date, and other relevant details.
Alternative Method
Accelerator mass spectrometer (AMS) method for carbon-14
For AMS analysis, to extract 2 mg of carbon required, about 200 mL of water is needed. To
prevent contamination, bottles should be made of glass and must be fully filled and perfectly
closed. The samples should be sterilized for conservation by adding 5 drops of I2–KI solution
per 100 mL sample. This I2–KI solution can be prepared by dissolving 1.5 g I2 and 3 g KI in
100 mL of demineralized water. Another possibility is to add 2 to 3 drops of HgCl2 solution.
Carbon-13 sampling
Collect about 250 mL to 1 L of water in a high density plastic or a dark glass bottle with
a tight seal. If the sample is to be stored for more than a week, sodium azide (NaN2) or
mercury (II) chloride (HgCl2) should be added to avoid alteration due to biological activity.
Generally, 5–10 mg of carbonate is sufficient for mass spectrometric measurement.
9. Tritium–Helium sampling
Samples for tritium–helium are collected in copper tubes with specially designed clamps. It
is important to ensure that water samples are collected without any entrapped air bubbles.

It is recommended that water be pumped from the well or spring using a
transparent plastic tube. Connect the plastic tube to the copper tube. Allow
the water to flow through the copper tube. It is important to tap the frame
lightly with the spanner to remove any air bubbles that may be trapped
inside the copper tube. When ready to collect the sample, close the outflow
end of the copper tube first by tightening the clamp while water is still flowing
through the tube. Repeat the process to close the clamp at the inflow end of
the tube, thus stopping the water supply.
Tritium

Label the sample using a waterproof marker on adhesive tape or on
the metallic frame. Record sample number, date, time and temperature.
Chlorofluorocarbons sampling (CFC)
Samples are usually collected in duplicate or triplicate using amber glass
bottles with special aluminium lined caps.

13
C filtered
sodium azide
(NaNH3)
mercury (II)
chloride (HgCl2)

Connect the plastic tube to the smaller metal tube, which fits inside
the glass bottle. Ensure that no air bubbles are present in the plastic
tube. Label bottles prior to sampling. Fill a metal container and allow
it to overflow. Submerge the bottles and aluminium lined caps into
the overflowing metallic container and allow flushing to take place for
10–15 minutes. Cap filled sample bottles under water to ensure that no air
bubbles enter the samples.
For the above two parameters, it is advisable to contact the respective
laboratories for specific and more detailed instructions, or refer to the IAEA
CFC guidebook or tritium–helium procedure.
10. SUMMARY
To summarize, a normal set of groundwater samples, for commonly analysed
isotopes and chemical analysis, at a sampling point consists of:

Cations filtered
and acidified

Anions filtered

ÕÕ Two bottles for hydrochemistry, both filtered and one acidified;
ÕÕ One 500 mL (or 1 L) bottle for tritium;
ÕÕ One 50 mL bottle for oxygen-18 and deuterium;
ÕÕ One or two 1 L bottles of wet carbonate precipitate or water for
carbon-14 and associated carbon-13 measurements. Or, if using the
alternative method, a 250 mL glass bottle for AMS.
Field measurements and analyses to be done on collected samples and
other details should be filled in the field sheets shown in the templates.
These are available at www.iaea.org/water or upon request.
More detailed procedures on sampling can be provided by:
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Isotope Hydrology Section
International Atomic Energy Agency
ihs@iaea.org, www.iaea.org/water

LIST OF SAMPLES FOR ISOTOPE OR CHEMICAL ANALYSIS
COUNTRY AND PROJECT CODE: ________________________________________________________ DATE: ___/___/______
INSTITUTE: _______________________________________________________________ Responsible Officer:____________________

No.

Sample code (a)
(local)

Sampling date
YY/MM/D

Type (b)

No. of bottles
shipped

Other
information

Required analysis (c)
O-18

H-2

H-3

C-13

C-14

Chemistry

Other

1
2
3
4
5
6
7
8
It is essential that codes placed on labels coincide with sample codes listed in this table.
GWB-groundwater (borehole); GWD-groundwater (dug, shallow well); GWS-spring; SLA-lake ; SRE-reservoir; SRI-river; SPR-precipitation.
(c)
For chemical analysis, major ions are assumed. Please indicate if other parameters are required. 		
Recommended amount of sample for analysis:
zz Oxygen-18 and hydrogen-2: 50 mL.		
zz Tritium: 500–1000 mL.
zz For carbon-14 + carbon-13; follow the instructions for precipitating SrCO3 in the field, if to be analysed using conventional methods. For analyses by AMS,
collect 200 mL for carbon-14 and 250–1000 mL for carbon-13.		
zz Chemistry: Send two bottles (one with125 mL for cations, acidified with 3 drops of conc. HNO3, and one with 125 mL left untreated for other analyses). If
samples contain sediment, appropriate filters should be used.		
(a)

(b)

ADDITIONAL INFORMATION COLLECTED IN THE FIELD
COUNTRY AND PROJECT CODE:

______________________________________________________ DATE: ___/___/______

INSTITUTE: _______________________________________________________________ Responsible Officer:____________________

No.

Sample code Sample site Aquifer Sample
(local name)
name
name depth (a)

Coordinates (specify units) (b)
Altitude
Latitude
Longitude
Cond.
(m)
(N/S DDMMSS.DD) (W/E DDDMMSS.DD)
μS/cm

Field data
Temp.
pH
°C

Alk
mg/L

Remarks

1
2
3
4
5
6
7
8
9
10
11
12
(a)

(b)

For samples collected from aquifers, lakes and reservoirs, the sampling depth field (specific depth, range of depths or screen ranges) should always be
completed.
Coordinates can be taken with a GPS, or from a 1:50 000 topographic map, and are preferably stated in decimal degrees, or in deg-min-sec (WGS-84 datum).
If relevant, please provide a short description of aquifer lithologies in the study area.

