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DETERMINATION OF CHLORINATED SOLVENTS 
IN HIGH VOC WASTEWATERS 

John E. Young, Principal Scientist 
Westinghouse 

Savannah River Technology Center 
Aiken, SC 29808 

ABSTRACT 

Gas chromatography - Mass Spectrometry using mass spectrometer source programming and a 
selected ion monitoring method has been applied to the analysis of trace levels of trichloroethene 
and tetrachloroethene in process wastewaters that contain up to 20 wt% volatile organic 
compounds. The method provides selectivity for the target compounds and freedom from 
interference from the other volatile compounds in the sample. 

Initial attempts at meeting customer required detection limits were unsuccessful using full-scan 
GC-MS, and electrolytic conductivity 

KEY WORDS - volatile organic compounds, trichloroethene, tetrachloroethene, denatured 
alcohol, gas chromatography, mass spectrometry 

INTRODUCTION 

Denatured ethyl alcohol (as a 25 vol% aqueous solution) has been examined as a process 
chemical to decontaminate equipment and waste sites that contain traces of chlorinated solvents. 
Excellent solubilizing properties (Mellan, 1959) and relatively low toxicity (Divencenzo, et.al. 1976) 
make ethanol an ideal candidate as an environmentally friendly cleaning agent. 

Standard analytical methods applied to the measurement of trace organic solvents in water are 
impaired by the addition of ethanol and its denaturants. Mass spectrometric methods are limited 
by instrument damage induced by excessive source pressure and high ion counts on the electron 
multiplier. Electrolytic conductivity methods are limited by carbonization of the nickel reaction 
tube, and photoionization detection suffers from the positive response to esters and ketones that 
are added as denaturants. 

METHODOLOGY 

50 pl of sample is diluted to 10 ml in high purity water, and spiked with internal standards and 
recovery surrogates. The sample is sparged with heliuqat a rate of 20 mVminute at ambient 
temperature. The helium is passed through a VOCARB 3000 adsorbent trap designed for the 
capture of volatile organic compounds. The solvents are adsorbed onto the trap from the helium 
stream, and subsequently thermally desorbed into the inlet of a gas chromatograph. 

The desorbed sample is transferred to a 60m x 0.75mm glass VOCOL capillary column where 
the solvents, internal standards, surrogates, and interferents are separated. After passing 
through the column, the gas stream passes through a glass molecular jet separator for 
enrichment of the analytes (and interferents) from the helium stream prior to introduction into the 
mass spectrometer. 
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INSTRUMENT CONFIGURATION 

The specific instrumentation used in this study was an HP 5890 Series II Gas Chromatograph, 
coupled to an HP 5971 Mass Spectrometer through an SIS Mollecular Jet Separator. The inlet 
device to the gas chromatograph is an 01 Analytical model ,4460 Purge and Trap Dynamic 
Headspace Concentrator coupled to an MPM-16 autosampler. 

Chromatographic conditions are set 3fo a nominal optimum 20 cim/sec (5.3 cm3/min) helium flow 
rate through the column, with 10 cm /min make-up helium added prior to introduction into the jet 
separator. GC oven temperature program is set for 60°C for 4 minutes, then ramping to 155°C at 
1 O'Clminute. 

Mass spectrometric conditions are set up for monitoring selected mass spectral ions during the 
elution of the target and surrogate compounds. In this configuaration, only those mass spectral 
ions of interest are scanned, while ignoring the other ions. Reducing the number of ions scanned 
allows for longer integration times on each measured ion. By extending ion integration cycles, 
signallnoise ratios are greatly improved, thus improving method detection limits. 

During the elution of the high concentration interferent compounds, the source tp the mass 
spectrometer is programmed to be turned off. This programming results in two primary benefits, 
1) to prevent damage to the ionization filament induced by high source pressures, and 2) to 
prevent saturation and damage to the electron multiplier detector lunit. 

Electron multiplier voltage programming is implemented to allow measurement of the denatured 
alcohol component concentration during the TCUPCE analysis. Immediately before and during 
the elution of ethanol, the multiplier gain voltage is reduced 100 volts, to ensure that the highest 
concentration of ethanol in the sample will not saturate the detector. Ethanol was selected as the 
target marker for the mixture because of its very low purgeabilit;y from water when compared to 
the denaturants ethyl acetate and methyl isobutyl ketone. 

INSTRUMENT CALIBRATION 

After establishing the specific instrumental configuration to be used in this study, the instrument 
system was calibrated through the target range of TCWPCE coincentrations (0.1 to 10 mg/L) in 
the presence and in the absence of a maximum sample loading of ethanol. The ethanol content 
(0.2 to 25 ~01%) was determined to have an insignificant influence on the response factors at the 
minimum dilution (200x) allowed for the processing of samples. 

QUALITY CONTROL STRATEGY 

In attempt to determine the actual accuracy and precision of the method in this variable matrix, 
internal standard and recovery surrogates were selected to reflect the actual run conditions. 
Interfering compounds (ethanol, ethyl acetate, and 4-methyl-2-pentanone) present in the sample 
provided additional limitations to surrogate selection to avoid co-elution. TWO internal standards 
were selected for the measurement, 1 ,4-difluorobenzene and chlorobenzene-d5. A single 
surrogate 1,2-dichloroethane-d4 was selected for quantitation in two diff ererrt modes. To assess 
trichloroethene, a low mass ion (m/e=65) recovery vs. 1,6difluiorobenzene was selected. To 
reflect tetrachloroethene, a high mass ion (m/e=l02) recovery vs. chlorobenzene-d5 was used. 
Actual process sample analysis predicted the recovery of the de!terminations to be (94 2 12) % 
{Figure 3) and (91 & 14) 240 {Figure 4) for trichloroethene and tetrachloroethene, respectively. 
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CONCLUSION 

GUMS has been demonstrated to be a suitable method for the determination of trichloroethene 
and tetrachloroethene in high VOC wastewaters. Data obtained in the development of the 
method, and actual process wastewater sample will be presented along with a descriptive 
comparison of the advantages realized by this new method. Guidelines for custom development 
for a method of this type will be reviewed in detail. 
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APPENDIX 

GC/MS - Gas Chromatography / Mass Spectrometry 
VOC - Volatile Organic Chemicals (or Contaminants) 
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ARTWORK 

Figure 1 - Total ion chromatogram of high concentration (20% VOC) sample using full scan 
GC/MS at minimum dilution (2500~) 
Figure 2 - Total ion chromatogram of high concentration (20% VOC) sample using Selected Ion 
Monitoring GC/MS beyond minimum dilution (50x) 
Figure 3 - Surrogate recovery quality control to emulate recovery and precision of Trichloroethene 
Figure 4 - Surrogate recovery quality control to emulate recovery and precision of 
Tetrachloroethene 
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High VOC = SIM method Surrogate Recovery 
1,2-Dichloroethane-D4 (m/e=65) vs. 1,4=Difluorobenzene . 
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Project Overview 

Measure trace trichloroethene and 
tetrachloroethene in the presence of large 
excesses of other purgeable organics 
Supporting R&D program for DNAPL 

a 

acceptable (time and regulatory protocol) 



Method Summary 
Reference method Prqject specific method 

CLP based method Custom method 
Full Scan 
43-260AMU 

Selected ion monitoring 
for target compounds 

Extended GC Program Rapid GC Program 
Run Time = 45 rnin 
Dilute to overcome 
interference 

Run Time = 13 min 



- , . . . . , . . . . , . . . . , . . - I  
0 0 0 0 

0 0 0 
0 0 0 0 

0 0 0 
0 0 0 

W 

0 < ' o  
E 

W 
0 0  s o  c o o  
- 0 0  c o  
3 0  m (0 F 

O o  x r  z 9 



Method Change Summary 

Base instrument configuration, flows, 
column, inlet and interface remain 
unchanged 
Starting temperature and ramp rate 
increased to shorten ChromatoizraDhic run 

U I 

Acquisition parameters (Mass spec) 
changed from Scan to SIM 



Mass Spectrometer Program 
Ion source and electron multiplier are de-activated by programming 
to prevent detector saturation and excess pressure on the ion source 

during elution of . high concentration . interferent components 
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.QC Strategy 

Routine QC on batches, blanks, matrix 
spikes, matrix spike duplicates 
Additional diagnostics using recovery 
surrogates to monitor for VOC interference 
- influence on purge rate changes between high 

boilers and low boilers 
- influence on trap loading to saturation and/or 

displacement 



High VOC - SIM method Surrogate Recovery 
1,2-Dichloroethane-D4 (m/e=I 02) vs. Dichlorobenzene-D5 
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High VOC = SIM method Surrogate Recovery 
- 

1 ,P-Dichloroethane-D4 (m/e=65) vs. 1,4-Difluorobenzene . 
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