
March 19, 2015

1 of 42



 

 

 

 
 

 

 

 

 

Characterization of Total Organic Carbon in 

Groundwater from Well 299-E27-10 
 

 
Analytical Report 

Southwest Research Institute 

Project 20933.01.006 

Task Order #141222-2 

SRR #54424 

 
 

 

Prepared by 
Radonna Spies 

Group Leader 
Analytical and Environmental Chemistry Department 

Chemistry and Chemical Engineering Division 

 

Prepared for 
CH2M Hill Plateau Remediation Company (CHPRC) 

RFP 273912 

March 19, 2015

2 of 42



Southwest Research Institute  March18, 2015 

Page 1 of 8 

 

 

INTRODUCTION 
 

Eight containers of one water sample was were received at SwRI on 12/20/2014.  The chain of 

custody (COC) indicated the collection end date (CED) as 12/19/14. COC copy is located in 

Appendix A.  The sample was logged into the SwRI laboratory information system (LIMS) 

under SSR #54424 and assigned to Task Order #141222-2.   The sample was received under 

CHPRC RFP 273912 Characterization of Total Organic Carbon in Groundwater from Well 299-

E27-10. 

  

 

Table 1.  CPP-749 TO# 141124-8 Corrosion Coupon Login Information 

SwRI Sample ID Customer ID  CED 

566821 CB303K8 12/19/14 

 

 

 

EXPERIMENTAL AND RESULTS  

 

TOC  

 

Initially, duplicate aliquots of the sample were analyzed for total organic carbon to confirm it the 

sample contained TOC results comparable to historical data.   A second set of aliquots of the 

sample were filtered using an Advantec Grade GC50 glass fiber filter; the GC50 is a binderless, 

fine-porosity (<0.45 micron particle retention) filter. Filtration was used to determine whether 

the organic carbon is dissolved, a solid particulate, or a mixture of both.  The TOC determination 

was conducted following EPA SW846 Method 9060 using a Tekmar-Dohrmann Phoenix 8000 

Analyzer.  The Phoenix 8000 automatically removes inorganic carbon prior to the TOC 

determination.  In the first chamber of the instrument the sample is acidified with phosphoric 

acid and sparged to remove the inorganic carbon.   The acidified and sparged sample is then 

pumped into the UV reactor where the TOC is oxidized with persulfate.  The CO2 produced is 

measured using a non-dispersive infrared detector (NDIR). A third set of aliquot of sample was 

pre-acidified and sparged with nitrogen prior to the Phoenix TOC analysis to ensure the 

inorganic carbon was being fully eliminated during the analysis. 

 

Each TOC result is the average of replicate injections.  Samples were analyzed in duplicate and a 

matrix spike performed.  A procedure blank was taken through each sample preparation to 

document possible contamination. The Sample Analysis Data Sheets are located in Appendix B.  

Table 2 summarizes the sample and duplicate analysis results for each process, along with the 

average for comparison.   The results indicate the organic carbon is dissolved and non-purgable 

(NPOC). 
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Table 2  TOC Results for Unfiltered, Filtered and Pre-Acidified and Sparged Samples   

TOC Concentration, mg/L 

Sample  Unfiltered Result  Filtered Result  

Unfiltered           

Pre Acidified and 

Sparged Result  

B303K8 0.592 0.586 0.580 

B303K8 Dup 0.584 0.588 0.573 

Average 0.588 0.587 0.577 
 

 

The TOC results in Table 2 comparable to the historic TOC values provided to SwRI by 

CHPRC; therefore, SwRI proceeded with the characterization of the TOC.  Two 400ml aliquots 

of sample and one 400 mL aliquot of deionized water (procedure blank) were concentrated to a 

final volume of 20 mL using a Labconco Rapidvap N2 Evaporation System.  The RapidVap use 

nitrogen blow down, vortex motion and heat to speed evaporation.  The stream of nitrogen is 

directed downward onto the surface of the sample and reduces the partial pressure over the liquid 

to speed evaporation.  The system is enclosed to reduce the possibility of contamination from the 

environment.  Large amounts of solid were present in the concentrated sample due to dissolved 

salts precipitating out.  The sample was filtered to remove the solids before continuing with 

subsequent total organic carbon analyses.  The concentrates were analyzed for total organic 

carbon to confirm that organic carbon was not lost during the evaporation process. Table 3 

contains the organic carbon results in found in the concentrates.  The results were also corrected 

for the concentration factor (x20) to compare to the initial organic results found in Table 2.   The 

procedure blank was less than the reporting limit, and Sample Analysis Data Sheets are also 

located in Appendix B.    The results agreed well with the initial TOC results; therefore, the 

concentrate samples were submitted for Mass Spectrometry analysis. 

 

Table 3.  TOC Results for Concentrated sample with Comparison to Initial Results 

TOC Concentration, mg/L 

Sample  
Concentrated 

Result 

Result Corrected 

for the (x20) 

Concentration 

Factor 

% RPD  

(compared to 

filtered avg result) 

B303K8 11.9 0.589 0.260 % 

B303K8 Dup 13.6 0.680 14.7 % 
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MASS SPECTROMETRY 

 

Gas chromatography–mass spectrometry (GC-MS) 

  

GC-MS analysis was conducted using an Agilent 6890 GC interfaced to a 5973 quadrupole mass 

spectrometer. The GC column was a DB-5MS (30 m x 0.25 mm x 0.25 um) analytical column. 

The injector temp was 250 °C in pulsed splitless injection mode. The oven program temperature 

was 60 °C: 1 min: 10 °C/min: 300 °C: 10 min, and the quadrupole MS detector scan was 30 amu 

– 625 amu. 

 

The concentrated samples were extracted with dichloromethane (DCM);  1 mL of sample + 1 mL 

of DCM  were  vortexed for 1 minute, centrifuged at 6000 RPM for 5 min and the DCM fraction 

analyzed by GC-MS after addition of sodium sulfate. There were no peaks observed in the 

sample or blanks.  The chromatograms are presented in Figures 1-3 in Appendix C. A direct 

injection of the aqueous samples (0.5 uL) was also performed. Again, no peaks other than 

column bleed, were observed. The chromatograms are presented in Figures 4-6 of Appendix C. 

 

Liquid Chromatography-Mass Spectrometry (LC-MS) 

 

Direct infusion mass spectrometry acquisition was performed first without any chromatographic 

separation. In direct infusion, the sample is injected directly into the mass spectrometer.  Due to 

the concentrated dissolved salt content of the water samples, the results obtained from the direct 

infusion experiment was difficult to interpret; therefore, an ultra high pressure liquid 

chromatography (UHPLC) column was added for the following experiments to provide 

chromatographic separation of the different species in the samples.  

      

LC-MS analysis was conducted using Agilent 1290 UHPLC binary pump system with Agilent 

6460 triple quadrupole mass spectrometer. The analytical column used was a Restek 

Pinnacle DB Aqueous C18 column (2.1 x 100 mm; 1.9 µm particle size). The temperature of the 

column was maintained at 55 
o
C. Mobile phases consisted of (A) water with 10 mM ammonium 

formate with 0.1% formic acid and (B) acetonitrile:methanol (8:2) with 0.1% formic acid. 

Gradient conditions were as follows: 

 

Time (min) % A % B Flowrate (mL/min) 

0.0 94.0 6.0 0.30 

10.0 0.0 100.0 0.35 

14.0 0.0 100.0 0.50 

15.0 94.0 6.0 0.30 
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The Agilent 6460 triple quadrupole mass spectrometer was fitted with the Agilent Jet Stream 

interface. The eluant existing the UHPLC was vaporized using heated nitrogen gas to form an 

aerosol. A high voltage (2-4 kV in positive or negative polarity) was then applied to the aerosol 

to produce charged ions prior to entering the mass spectrometer. This ionization process is 

referred to as electrospray ionization (ESI). In positive polarity (ESI+), molecular ion adducts 

such as [M+H]
+
, [M+Na]

+
 or [M+NH4]

+
 are formed. The first LC/MS experiment was conducted 

in positive polarity and the mass spectrometer detector was set to scan from 100-1500 amu. Ion 

262 was detected in the concentrated samples of B303K8 and B303K8 duplicate. This ion was 

not detected in the procedure blank or the deionized water blank. The molecular weight of this 

compound was most likely 261 since m/z 262 was probably the (M+H)
+
. With the odd number 

molecular weight, the compound presumably contained odd number of nitrogen in its structure. 

(See Figure 1) 

  

A product ion scan experiment was performed to generate the product ions of m/z 262. The first 

mass analyzer was used to select m/z 262 as the precursor ion. The precursor ion was passed into 

the collision cell and an inert gas (nitrogen) was used to induce fragmentation. The second mass 

analyzer acquired the mass spectra of the ions exiting the collision cell. Two different conditions 

were performed to induce fragmentation. In the first experiment, the collision induced 

dissociation (CID) was set at 15. In the second experiment, the CID was increased to 25 to 

induce more fragmentation. The major product ions formed included 69, 86, 149, 174, 202 and 

217. These major fragment ions were also positively charged. For example, product ion 217 

represented (M+H-45)
+
.(See Figure 2) 

 

In addition to positive polarity experiments, ionization in negative polarity full scan mode was 

conducted. Chromatographic conditions were identical to the positive polarity full scan mode 

described in paragraph 2. The scan range in negative polarity was also from 100-1500 amu. A 

broad chromatographic peak was observed in both the sample and the sample duplicate 

concentrate from about 2-4 minutes. Based on the mass spectra results, dissolved organic matter 

such as fulvic acids and/or humic acids were most likely present in the samples (see Figure 3). 

The broad chromatographic peak was only observed in negative polarity mode suggesting that 

the compounds contained carboxylic acids functional groups. In addition, the complexity of the 

mass spectra is similar to the spectra reported by Posiva in Finland.  

(http://www.posiva.fi/files/352/WR2007-23web.pdf)  

March 19, 2015

6 of 42



Southwest Research Institute

 

 

 

Figure 1: Extracted ion chromatogram (EIC) of m/z 262 in water blank, procedure blank, 

B303K8 concentrate and B303K8 
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Figure 1: Extracted ion chromatogram (EIC) of m/z 262 in water blank, procedure blank, 
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Figure 2: Product ion scan spectra of m/z 262 precursor ion. The collision induced 

dissociation was set at 25 on the top spectra which showed more fragmentation than the 

one in red which was set at 15. 
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Figure 3 (left): Total ion chromatograms (TIC) of the procedure blank, B303K8 

concentrate and B303K8 duplicate concentrate in negative electrospray ionization mode.  

 

Figure 3 (right): Negative mode electrospray mass spectra of the broad peak centered 

around 3.14 minutes. The mass spectra were indicative of fulvic and/or humic acids.  
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CONCLUSION 
 

Based on the analysis, the TOC exists as dissolved non-purgable (non-volatile) organic carbon 

(NPOC). It appears that fulvic acids and/or humic acids are likely present in the sample based on 

the LC-MS analysis. The broad chromatographic peak was only observed in negative polarity 

mode suggesting that the compounds contained carboxylic acids functional groups. In addition, 

the complexity of the mass spectra is similar to the spectra reported by Posiva in Finland.   

Additionally, the LC-MS detected a compound with possible m/z 261.  With the odd number 

molecular weight, the compound presumably contains an odd number of nitrogen in its structure.  

Unfortunately, there are no spectral libraries for LC/MS identification, and existing GC-MS 

libraries are not applicable to LC-MS analysis.  An attempt to gain some insight on the 

compound was made by evaluating some of the mass losses. For example, the first mass loss of 

45 (262-217) could be attributed to C2H5O, CHO2, CH3NO, CH5N2 or C2H7N.  The mass loss of 

28 (202-174) could attributed to CO, C2H4 or CH2N.  Another mass loss of 17 (86-69) could be 

attributed to OH or NH3. Therefore, nothing definitive could be concluded.   

 

Further analysis would be required to identify and quantitate the suspected nitrogen containing 

compound and confirm the presence of fulvic acids and/or humic acids. For the nitrogen 

containing compound, SwRI recommends performing additional LC/MS experiment but using 

quadrupole-time of flight (q-TOF) mass spectrometer to determine the exact mass and molecular 

formula of the suspected compound. Once the molecular formula is determined, the fragments 

from the product ion scan would be useful in determining the identity of the compound. Also any 

history regarding the ground water site may be useful in determining the identity of the 

compound. 

 

As for presence of fulvic acids and/or humic acids, SwRI recommends getting reference 

materials from the International Humic Substance Society in Minnesota 

(https://ihss.humicsubstances.org/orders.html) to compare against the spectra of the ground water 

sample. If additional water sample (1-5 L) can be obtained, the water sample can be passed 

through resins such as XAD-8 to concentrate the NPOC. Further analysis such as HPLC with UV 

and fluorescence detectors and/or LC/MS analysis using a size exclusion chromatography 

column will confirm the presence of fulvic acids and/or humic acids.        
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Figure 1.  GC-MS Chromatograph of DCM solvent blank
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Figure 2.  GC-MS Chromatograph of B303K8 (SwRI ID 566821) Concentrate - DCM extract 
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Figure 3.  GC-MS Chromatograph of B303K8 Duplicate (SwRI ID 566821) Concentrate - DCM extract
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Figure 4.  GC-MS Chromatograph of Procedure Blank (PB)

RSpies
Typewritten Text

RSpies
Typewritten Text



File       :C:\MSDCHEM\1\DATA\2015\Y012015\Y0120507.D
Operator   : MZ
Acquired   : 20 Jan 2015   4:45 pm using AcqMethod CH2M_DI.M
Instrument :   Yoda
Sample Name: B303K8; 566821                                  
Misc Info  : 20933.01.006                                    
Vial Number: 2

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

35000

40000

45000

50000

55000

60000

65000

70000

75000

80000

85000

90000

95000

100000

105000

110000

115000

120000

125000

130000

135000

140000

145000

150000

155000

160000

165000

170000

175000

180000

Time-->

Abundance TIC: Y0120507.D

010026
March 19, 2015

36 of 42

RSpies
Typewritten Text
Figure 5. GC-MS Chromatogrph of B303K8 (SwRI ID 566821) Concentrate - Direct Inject  

RSpies
Typewritten Text

RSpies
Typewritten Text



File       :C:\MSDCHEM\1\DATA\2015\Y012015\Y0120507.D
Operator   : MZ
Acquired   : 20 Jan 2015   4:45 pm using AcqMethod CH2M_DI.M
Instrument :   Yoda
Sample Name: B303K8; 566821                                  
Misc Info  : 20933.01.006                                    
Vial Number: 2

6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

35000

40000

45000

50000

55000

60000

65000

70000

75000

80000

85000

90000

95000

100000

105000

110000

115000

120000

125000

130000

135000

140000

145000

150000

155000

160000

165000

170000

175000

180000

Time-->

Abundance TIC: Y0120507.D

010027
March 19, 2015

37 of 42

RSpies
Typewritten Text
Figure 6. GC-MS Chromatograph of B303K8 (SwRI ID 566821) Concentrate - Direct Inject  
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