
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3E: STRONTIUM ISOTOPE ANALYSIS 




 
 

 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

Analysis of Sr in Water 

Massachusetts Institute of Technology
 
Dept. of Earth, Atmospheric and Planetary Sciences Laboratory


Contact: Dr. Francis Ö. Dudás at 617-253-7993, email: fdudas@mit.edu 


For Sr isotopic composition determinations, 15 – 50 mL of water are sufficient.  If Sr content is to be 
determined, spike (84Sr) is added.  The water is evaporated with 1 mL conc. HNO3; the dry residue is 
taken up in 1 mL conc. HNO3 and dried again.  The sample is refluxed on a hot plate overnight with 2 mL 
conc. HNO3, then centrifuged. In exceptional cases, excess remaining organic matter is removed by 
reaction with 100 µL aliquots of H2O2. The supernatant is transferred to a clean beaker and again dried.  
This sample can then be taken up in HNO3 for further processing. 

Sr Separation 

Sr is separated from other cations using 50 µL columns filled with Eichrome Sr-Spec resin.  The sample 
is dissolved in 500 µL 3.5 N HNO3, centrifuged, and loaded onto the column.  Next, the column is rinsed 
with 1200 µL 3.5 N HNO3. Sr is then eluted with 800 µL H2O. A drop of 0.1 M H3PO4 is added and the 
sample dried down.  For carbonate-rich samples, this procedure is repeated twice to improve separation of 
Sr from Ca, which interferes with mass spectrometry.  The total procedural blank is ≤ 100 pg Sr with 
typical sample sizes of >150 ng Sr.  

Mass Spectrometry 

All analyses are completed on a GV IsoProbeT multicollector mass spectrometer.  Sr is loaded on Re 
filaments in a solution of TaCl5 and H3PO4, and is analyzed by dynamic multicollection.  No fewer than 
70 ratios are measured with the target intensity of 88Sr = 3 V, providing a standard error for the mean of 
exponentially corrected 87Sr/86Sr of ≤0.001%. Data are corrected for 87Rb interference based on measured 
85Rb abundance, fractionation corrected to 86Sr/88Sr = 0.1194, and reported with respect to a value of 
0.710250 for NBS-987.  The running mean of analyses of NBS-987 is 0.710240 ± 0.000015, and no bias 
correction is made to the analytical data. 



 
 
 
 
 
 
 
 
 
 
 
 
 

   
 

3F: INORGANIC CHLORIDE ISOTOPE ANALYSIS
 



 
  

 
 

  
 

  
 

 
 

 
 

  
 

  
  

 
 

 

 

 

______________________________________________________________________________ 

A. AgCl precipitation for δ37Cl measurement (modified from Eggenkamp, 1994) 

Materials 
1.	 1M KNO3 
2.	 Na2HPO4-Citric acid buffer solution (0.71g Na2HPO4•2H2O, 20.6g Citric acid to 1L DI­

H2O) 
3.	 0.4 M AgNO3 
4.	 Dilute HNO3 (1mL conc. HNO3 to 500 mL DI-H2O; or 5mL 1M HNO3 to 500 mL DI­

H2O). 
5.	 50 mL centrifuge tubes 

Day 1: Sample selection and pretreatment (for water samples) 
•	 Seawater collected from Conception Bay, Newfoundland (CBN) is the in-house Cl 

isotope reference material.  At least two 0.1 mL to 0.2 mL CBN samples should be 
included in each batch. 

1. 	 Weigh out sample aliquot in a beaker 
•	 Volume of sample to use depends on the chloride concentration of the sample.  3000/ppm 

Cl- (sample) gives the number of mL of sample to precipitate 12 mg AgCl 
(≈3mgCl≈85umol≈CH3Cl). For sample volumes less than 10 mL, no pretreatment is 
necessary, but for dilute samples requiring more than 10mL, samples need to be reduced 
by evaporation to 10mL.  Optimal sample size is 3-10mg Cl-. 

2. Add: 
•	 4 mL of the KNO3 solution to adjust ionic strength and 
•	 2 mL of the citric acid buffer solution to adjust pH 

3. 	 Gently heat sample on a hotplate to 80°C. 
4. 	 Remove sample from hotplate.  Add 3 mL ~0.4 M AgNO3 and cover with a watch glass.  DO 

NOT STIR. Allow samples to ripen overnight or for several hours in the dark.   
•	 AgNO3 and AgCl must be protected from the light! 

Day 2: Precipitate recovery, centrifuge method 
1. 	 Transfer the sample plus liquid into a labeled 50 mL centrifuge tube, washing the beaker at 

least three times into the tube with small amounts of dilute HNO3 
2. 	 Centrifuge at 4000 rpm for at least 4 minutes.  Repeat if precipitate is not packed to the 

bottom.  Carefully remove supernatant with a plastic disposable pipette.  BE CAREFUL 
NOT TO DISTURB THE PRECIPITATE.  

3. 	 Add 40 mL dilute HNO3, cap the tube, shake to wash, and centrifuge as above. 
4. 	 Repeat with a 20 mL wash, a 15 mL wash, and a 10 mL wash.   
5. 	 Place tube in the oven or the tube dryer to dry. 
•	 AgCl must be protected from the light—store tubes in the dark until the methyl iodide 

reaction step. 

Eggenkamp, H., 1994.  The geochemistry of the chlorine isotopes. Ph.D. Thesis, University of 
Utrecht, 150 pp. 



 
    
 
  

 
 

B. Conversion of AgCl to CH3Cl and isotope ratio mass spectrometry of CH3Cl 
(after Shouakar-Stash et al., 2005) 

The dried AgCl precipitate is weighed (0.2 to 1.0  mg) and placed in a 20-mL amber 
crimp-seal vial.  Excess CH3I (100 microliters) is added to the vial under a He atmosphere in a 
glove box, the vial is crimp-sealed under He, and then placed in an oven at 80oC for 48 hours to 
convert AgCl to CH3Cl. Following this reaction, vials are loaded onto a CombiPal autosampler.  
Gas is transferred from the crimp-seal vials to a gas chromatograph in a He carrier stream.  
Continuous-flow isotope ratio mass spectrometry is used to measure Cl isotope ratios of CH3Cl 
following its separation from residual CH3I by gas chromatography.  All samples are analyzed in 
duplicate or triplicate. Precision of the method is better than ±0.1 ‰ for δ37Cl. 

Shouakar-Stash, O., Drimmie, R.J., and Frape, S.K., 2005. Rapid Comm. Mass Spec. 19, 121. 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3G: CFC ANALYSIS  
















 
 
 
 
 
 
 
 
 
 
 
 
 

 3H: SF6 ANALYSIS 

















 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

ATTACHMENT 4 


SAMPLING PROCEDURES 




 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4A: PERCHLORATE ISOTOPE SAMPLING 




 
 

 
 

 

 

 

   
 

Summary of Method for Isotopic Analysis of Perchlorate in Groundwater 

Environmental Isotope Geochemistry Laboratory
 
University of Illinois at Chicago (UIC) 


Contact: Leslie Patterson at (312) 413-0098, e-mail lpatte2@uic.edu
 

Field Extraction 

Extraction of perchlorate from groundwater samples is accomplished by sorption onto a highly 
perchlorate-selective bifunctional anion exchange resin.  The laboratory provides a sampling apparatus, 
consisting of a prefilter and a glass column packed with a mixture of bifunctional resin and glass beads, 
for each sample to be collected.  The amount of resin in the sampling apparatus is based on the expected 
perchlorate concentration in the groundwater, and optimized to recover ~20 milligrams of perchlorate.  In 
the field, groundwater is passed through the sampling apparatus at a maximum flow rate of 0.5 liters per 
minute (the optimal flow rate is 10 bed volumes per minute).  For a sample concentration of 20 ppb 
perchlorate, the total volume of water required is 1,000 liters (264 gallons), requiring at least 34 hours of 
flow. The sampling apparatus is then disconnected, drained, plugged and returned to the UIC 
Environmental Isotope Geochemistry Laboratory. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4B: TRITIUM-HELIUM SAMPLING 






















 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4C: CFC SAMPLING
 

















 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4D: SF6 SAMPLING 










