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INTRODUCTION: 
This report describes the demonstration and evaluation of the transportable gas 
chromatographhon trap detector (GWD) from August 51 1991 to August 8,1991 ar 
Operable Unit #2 at the Rocky Rats Plant (WP). Operable Unit #2 (OU-2) is a pilot 
system developed by Ride1 Environmental Services to purify surface water from the 
South Walnut Creek Basin at RFP. Water is pumped from the creek to 8 holding tank. 
From the holding tank, water is pumped through a bag filter to remove particulate matter, 
then through two consecutive beds of granulated activated charcoal (GAC). The purified 
water is returned to the creek. OU-2 has been in operation since May, 1991. 

The transportable GC/ITD has been developed by the Analytical Chcmisq Group, CLS- 
1, at Los Alamos National Laboratory (LANL) for the fidd analysis of volatjlc organic 
compounds in soil and water, The gas chromatograph (GC) is a slightly modified unit 
from SRI Instruments, Mass spectral analysis of compounds eluting from the GC is 
accomplished with a Finnigan Ion Trap Detector @'ID). A turn-key operating system has 
been incorporated into the instrument so that thc insmment can be opersted by personnel 
with minimal technical background. 

Evaluation of the GC/ITD at RFP was a significant achievement. We strongly felt that a 
field evaluation of this instrument at Los Alamos would only be a small step away from 
ow laboratory work. Although field testing at either site would certainly have provided 
"mal" samples for malysis, evaluation of the transportable GWTD at Rocky Flats 
allowed us to address several key issues related to field use: (1) the logistics of 
transporting the instrument nearly 400 miles to another facility; (2) instrument set-up and 
testing at an u n f d i a r  site; and (3) the oppomnity to interact with personnel who were 
unacquainted with the GC/ITD technology, To put the first two issues into perspective, 
we h a w  five ion trap instruments in our laboratory; a misplaced widget or an instrument 
malfunction during field evaluation could be quickIy remedied at LANL with available 
resources. A similarly trivial problem at Rocky Flats could have forestalled field 
waluadon altogether. The third issue is vitril. If we ut! to provide this technology to 
other DOE facilities, we must ain experience in teaching people how to use the 

GCIIII'D, 

Finally, we wish to acknowledge the people who contributed to the succcss of this 
evaluation: Calvin Martell (LATO), Darwin Baxter and Dennis Pontius (RFP), and David 
McClcLlan (Riedel). We would also like to thank Mike Obcl and BilI Post (Riedel) for 
their help and hospitality. 

instrument and we must have tt% eir input back to improve the user-interface of the 
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INSTRUMENT OPERATION; 
A typical analysis with the transportable GC/ITD requires less than 30 minutes. This is 
accomplished by staggering the analyses, Le., as one analysis nears completion, the next 
is started. Water analysis with this instrument follows conventional purge and trap gas 
chromatography/mass spectrometry methodologies. Five ml of water are aliquoted mto a 
glass sample tube. The tube is then attached to the purge and trap sampling unit and 
heated to 80° C while the water is purged with helium. Volatile or anic compounds in 
the water are swept into an adsorbent trap (Tenax) by the helium. Wt the completion of 
the 6 min purge cycle, the Tenax trap is rapidly heated and backflushed with helium to 
deliver the desorbed organic compounds to the gas chromatograph. Elution of the 
mixture of VOCs through the gas chromatograph separates the individual compounds, 
which in turn enter the ion trap detector for mass spectral analysis. The ion trap acquires 
mass spectra at the rate of 1 per second. The term "scan" rcfws to one these mass spectra 
(c,g.? scan #l is the first mass spectrum acquired in the analysis). Each mass spectrum 
consists of intensity versus mass data for the ionized compound and its charged 
fragments, To a first approximation, each organic compound has a unique mass 
spectrum (this is not always the case as will be discussed below). Compounds are 
identified by computerized matching of sample mass spectra with spectra contained in 
the ion trap mass spectral library. The ion trap data system then sums intensity values 
(ion currents) of every peak (above some user defined intensity threshold) in each mass 
spectrum acquired by the ion trap, This summed, or reconstructed, ion current is plotted 
as a function of elapsed time from the beginning of the analysis. This plot is called a 
reconstructed ion chromatogram and shows the total amount of each compound as it 
elutes from the gas chromatography column. Although there are exceptions, each 
compound elutes from the pas chromatograph at a unique time. This ' retention time" 
may also be used to identify compounds by comparing the retention time (tr) of the 
unknown to the retention times for known (calibration) compounds. To quantify the 
concentration of each individual VOC in the sample, the area of the peak for that 
compound in the reconstructed ion chromatopram (RIC) is compared to the area of the 
RIC peak for a known mount  of that cornpound. 

EVALUATION STRATEGY: 
The evduation and demonstration of the transportable GCJlTD consisted of fduf parts: 
(1) analysis of water samples at OU-2, (2) technology demonstration at RFP, (3) andysh 
of duplicate samples with the GC/ITD at LANL, and (4) analysis of duplicate samples 
with independent instrumentation and personnel at LANL. 

ROCKY FLATS: 
M a y  Cisper and Phil Hemberger brought the transportable GC/ITD and all ancillary 
equipment and cheinical standards to the Rocky Flats Plant in 8 Ford Explorer. Vehicle 
unloading began at 1030 hours on August 5, The GC/ITD was set up in the OU-2 trailer 
and was operating by 1130 hours that day. The ion trap detector was then tuned for rnass 
accuracy. Analysis of a sample blank that afternoon indicated no significant background 
interferences other than a minute amount of toluene that is normally present. The gas 
chromatograph and ion trap were baked overnight at ca  200° C. 

We selected 13 different volatile organic compounds (VOCs) to use for instrument 
calibration at Rocky Flats. These compounds and their respective retention times are 
listed in Table 1. Fluombenzene and chlorobenzene were used as internal standard and 
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surrogate compound, respectively. A list of a l l  compounds used in this evaluation is 
given in Table 2. These compounds are assigned n u m k s  that can be used to identify 
peaks in the following reconstructed ion chromatograms. A reconstructed ion 
chromatogram for B calibration mixture containing the compounds listed in Table 1 at the 
100 patt-pre-billion (ppb) level is shown in Figure 1. Although each compound (except 
fluombenzene and chlorobenzene) is present in the same concentration for each 
calibration mixture, it is obvious that the peak areas differ for the compounds. These 
peak m a s  differ for many reasons, but the primary reasons are (1) different ionization 
efficiencies and (2) different storage and detection efficiencies in the ion trap. To 
account for these differences, one can determine sensitivity factors for each compound 
relative to a selected compound; establish a calibration curve for that compound; and, 
using the sensitivity factors to normalize the peak areas of the other compounds to the 
selected compound, determine unknown concentration by comparison of its normalized 
peak area to that of the standard. A more rigorous method is to estabkh a calibration 
curve for each individual compound, The peak area data at each concentration (from 1 
ppb to 100 pbb) for every standard compound are used to derive a working calibration 
curve for that compound. This quantitation method has been OUT standard laboratory 
method. 

Analyses at OU-2 adhered to our laboratory method. A series of calibration standards 
(containing the 13 VOCs from 1 ppb to 100 ppb) was prepared in the morning of August 
6. These standards were kept in an ice box during calibration to prevent the loss of 
volatile compounds, Freshly prepared standards were always used in following days for 
instrument calibration. Every standard was spiked with 40 ppb of fluombenzene and 
chlorobenzene, Analysis of these stmdnrds with the GCIITI, provided calibration curves 
of instrument response versus concentration for tach compound in the standard mixtures. 
Working calibration curves were generated through the ITD software. Examples of 
calibration curves obtained in this fashion arc shown in Figure 2. Correlation of 
instrument response for unhown compounds in the OU-2 samples against these working 
calibration CUTVCS would provide quantitative data for the concentration of each impurity 
in the samples. 

Table 3 lists a l l  the standards, blanks, and samples that were analyzed 6ver a two-and-a- 
half day period from August 6 to August 8,1991. Blkinks were malyzed often to ensure 
there was no sample carryover. Each sample standard was spiked with 40 ppb of  
fluombenzene and chlorobenzene. 

Water samples were collected at three sampling points a~ OU-2 by Riedel personnel on 
August 6. These samples are designated as: AS 1 -- influent (water sampled between the 
bag filter and the first GAC unit); AS2 -- intermediate (water sampled between the two 
GAC units); and AS3 -- effluent (purified water sampled after the second GAC unit). 

A reconstructed ion chromatogram from the analysis of AS 1 is shown in Figure 3, The 
large peak from the OU-2 influent samples (AS 1) at $ = 604 s provoked OUT immediate 
interest. A mass spectral library search identified the: peak as trans- 1,2-&chloroethylene, 
eliminating the possibility that the peak at t, = 604 s was methyl ethyl ketone, which has 
a similar retention time ($ = 600 5). However, trans-l,Zdichloroethyl~e elutes at t, = 
455 s. We surmised that this anomalous peak was caused by another isomer o f  
dichloroethylene that was not in the suite of calibration compounds. 

To verify that the anomalous peak at 6 = 604 s was not trarts~l,2-dichloroethylene, a 
fresh AS1 sample was spiked with a known amount of trans-l,2-dichloroerhylene prior to 
analysis, The trans-l,Zdichloroethylene added as the spike eluted at t, = 456 s and the 
unidentified peak stiU eluted at = 601 s (Figure 4). The next step was to compare the 



retention time for the unknown peak to those of known dichloroethylene isomers. 
Retention times for the three dichloroethylene isomers (1,l-dichloroethylenc, trans- 1,2- 
dichloroethylene, and cis- 1,2-dichlorocthylene) were measured by analysis of Supelco 
TCL Mix #5 standard (Su elco catalog number 4-8455). The total ion chromatogxm for 

TCL Mix #5 contains 10 different VOCs, we were able eo observe only 6 of,those 
compounds, The 4 remaining compounds (bromomethane, chloromethane, chloroethmc, 
and vinyl chloride) have boiling points ranging from -24OC to 4OC and require sub- 
ambient tempcraturc operation for chromatogra hic analysis. Because of the added 

DOE operations, we decided to sacrifice the ability to analyze these compounds and start 
the gas chromatography cycle at 35OC. Retention times are summarized in Table 4. 
Previous work at Los Alamos had established that 1,l-dichloroethyiene eluted before 
truns-l,2-dichloroethylene ($ = 464 s), The peak eluting near = 600 s could then be 
assigned to cis-l,2-dichlomethylene; subsequent work at Los A amos conflrmcd this 
assignment. Figure 6 clearly demonsDates the similarity among the mass spectra for the 
three isomers of  dichloroethylene. This is a textbook example of an instance where a 
compound must be identified on the basis of its retention time rather than its mass 
specbum 

a 100 ppb standard made t om TCL Mix #5 is shown in Figure 5, Although the Supelco 

complexity of sub-ambient operation and the re P auve scarcity of these compounds in 
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We planned to use the calibration data obtained at RFP on August 6 to quantify the 
concentration of the VOCs in the Rocky Flats samples; howewr, a significant run to run 
variation in peak areas for the internal standard (fluorobenzene) was abserved, Since the 
fluorobenzene response is necessary to compare sample data against calibration data, we 
were not able to calculate the VOC concentrations in the water samples as intended. 
Fluombenzene was chosen as an internal standard because it does not interfere With 
either the chromatography or mass specrromctry of other volatile compounds. However, 
fluorobenzene is very insoluble in water and is usually dissolved in methanol prior to its 
addition to aqueous samples. Our earlier work at Los Alamos revealed the propensity of 
methanol to participate in ion-molecule reactions with VOCs in the ion trap, These ion- 
molecule reactions often diminish the reliability of compound identification and 
quantitation with the ion trap and, accordingly, the presence o f  methanol in the internal 
standard spike and calibration standards was reduced as much as possible. It is possible 
that the peak area variability of fluorolxnzene is due to insufficient solubilization irl 
water and/or matrix effects. 

Four other VOCs were found in the influent samples. On the basis of both retention 
times and positive mass s ectral library matches, these compounds were identified a9 

The response of the G m D  to these compounds is evident in Figure 3. An analysis of 
high purity water with the GC/ITD (Figure 7) shows no indication of these compounds 
and eliminates the possibility that these compounds axe present as background 
contaminants in the UC/ITD. 

chloroform, carbon tetrac E loride, trichloroethylene, and tetrachloroethylene (Table 5). 

LOS ALAMOS: 
Our original plans were to repeat the calibration work (and include cis-1,2- 
dichloroethylcnc), to investigate the fluorobenzene response problem, and to re-andyze 
and quantify the contaminant VOCs in the Rocky Flats water samples, However, the 
field evaluation showed the need to improve access to the instrument and to diminate 
unnecessary components. Appropriate mechanical and electrical and design 
modifications were made to the GC/ITD on our return to LANL, These modifications 



and Tiger team preparations delayed the investigation of the OU-2 samples and 
evaluation of the data obtained at Rocky Flats, 

The field work at Rocky Flats clearly demonstrated the need for an alternative 
quantitation method; the method of  standard addition was used for the samples analyzed 
with the Gc/rrr, at LANL. In this analytical method, the sample is analyzed-as received 
and analyzed after being spiked with a known amount of analyte, The amount of analyte 
in the onginal sample is calculated by comparison of peak heights (or areas) in the spiked 
and unspiked sample. This method obviates the analysis of separate calibration standards 
and bypasses anomalies from matrix differences, 

Quantitative results for cis- 1,2-dichlomethylcne, the major contaminant in the influent 
samples, is reponed in Table 6, Statistical analysis of the influent data is presented in 
Table 7, Dixon's Q test for outliers at the 96% confidence level on the three influent data 
subsets indicated that no values could be rejected. It should also be noted here that the 
charcoal filtration beds at OU-2 appear to be successfully removing volatile organics 
from the influent stream. The reconstructed ion chrornatogms from samples AS1, AS2, 
and AS3 are shown in Figure 8. These data clearly show the reduction of the VOCs in 
the water during the purification process. These data can also be presented as a graph 
displaying peak area versus sampling position (Figure 9). For these graphs, the amount 
of contaminant in the influent water (AS1) was is displayed as 100%; the amount of each 
contaminant in the smples in the two subsequent sampling positions (AS2 and AS3) is 
displayed relative to 100%. The efficiency of the GAC units in removal of VOCs is 
higher for the larger compounds (tetrachloro-, dchloro-, and dichloroethylene). 

The the concentrations of the four other VOCs (tetrachoroethylene, trichloroethylene, 
carbon tetrachloride, and c h l ~ t ~ f ~ r r n )  in the Rocky Flats influent samples were quantified 
using the standard addition method (Table 8). That is, the analyte response (normalized 
to the internal standard) in the unspiked sam le was compared to normalized analyte 
response when 10 ppb of each of the four V8Cs was added. No statistical data were 
generated for these results, However, at these very low concentrations, it would be save 
to assume that the relative uncertainties are greater than those given in,Table 7 for the 
determination of cis- 1,2-dichlomethylene at the 40 ppb level, 

As planned, we shared the QU-2 water samples with another analytical laboratory in OW 
group to obtain an independent in-house analysis. Delays hwe have been encountered 
due to unanticipated equipment transfer and set-up and Tiger team preparations. These 
independent analyses are now underway. 

SUMMARY: 
We believe that the field evaluation of the transportable GCDm was vcry successful. 
The analysis of "real" samples pointtd out the need for less arnbi uous calibration 
methods. The method of standard addition has been applied to Rb samples brought 
back to LANL and preliminary results are very encouraging, Instrument reliability was 
excellent and no blems were encountered either during transportativn or during 
operation at OU-r'e discovered that same instrument operahons, which are tolerable 
in our laboratory, were a nuisance during field use. The instrument has been 
appropriately modified to address those problems. We discovered that a combination of 
both on-line and off -line data analysis will provide the best compromise between real- 
h e  data reporting and accuracy of results. Finally, we had a wonderful opportunity to 
show other people how to operate the transportable GC/I?D. Seven different people 



.. . . .. 

hands-on operated the GC/ITD. Two of these people were equipment oprators from 
Riedel who had little or no experience with analytical instrumentation. 

Immediate plans for the future for the transportable GG/ITD include a rigorous 
examination of the standard addition method for the analysis of volatile organic 
compounds and further field method development. We will also examine mqre soluble 
compounds as candidates for internal standards. W e  have implemented the technique of 
axial modulation in the ion trap, which should enhance sensitivity, and we a ~ e  now 
evaluating this modification. A return visit to the Rocky Flats for more extensive 
evaluation is planned for early November, 1991, 
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TABLE 1. Calibration compounds and their retention times. 
Re- ' n time (se- i 

Acetone 346 

Methyl ethyl ketone 600 
Chloroform 635 
l , l , l - T r i c h l o ~ ~ t h a ~ ~ e  664 
Carbon tetrachloride 690 
Benzene 708 
1,2-Dichlomethane 708 
Fluombenzene 739 
Trichloroethylene 782 
Methyl isobutyl ketone 887 
Toluene 915 
Tetrachloroethylene 977 
Chlorobenzene 1059 
p-Xylene 1084 

1) Average over 5 runs. The percent relative standard deviation for any average is less 
than 0.6%. 

trans- 1,2-Dichloroehylene 455 

TABLE 2, Compound listing with identification numbers. 
No, c- i 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Acetone 
trans-l,2-Dichloroethylene 
Methyl ethyl ketone 
Chloiofo& 
1,l ,l-Trichloroethane 
CGbon tetrachloride 
Benzene 
1 ,ZDichloroethme 
Fluombenzene 
Trichloroethylene 
Methyl isobutyl ketone 
Toluene 
Tetrachloroethylene 
Chlorobenzene 
p-X y lene 
cis- 1 ,It-Dichloroethylene 
I ,  1-Dichloroethylene 
Methylene Chloride 
Bromodichloromethane 
Dibrornochloromethme 
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TABLE 3. Listing of standards, samples, and blanks, 8/5/91-8/8/91. 

RFBLNK2 Pure water 
W1#1 1 ppb VOC standard 
W3#1 3 pb VOC standard 

W3W1 30 ppb VOC standard 
RF100#1 100 ppb VOC standard 
RFBLNK3 Pure water 
WSMPL1 Effluent (AS3) 
RFSMPL2 Intmcdiate (AS2) 
RFSMPL3 Influent (AS 1) 
RFBLM(4 Pure water 
RFBLNKS Pure water 
RFSMPL4 Effluent (AS3) 
RFSMPLS Intermediate (AS2) 
RFSMpL6 Influent (AS 1) 
RFSMPL7 
RFBLNK6 purt water 
WSMPL8 Effluent (AS3) 
RFSMPL9 Intermediate (AS2) 
RFSMPL10 Influent (AS 1) 
RpBLNK7 Pure water 
RF30#2 30 ppb VOC standard 
RFBLNKS Pure water 
m M # 5  
WSMPL11 Creek water 
RFBLNK9 Pure water 

RFlOifl 1B,,b voc standard 

AS 1 with trans- I ,Z-dichlorocthylcnc spike 

100 ppb Supelco TCL Mix #5 



TABLE 4. Retention times for 3 dichloroethylene isomers. 
r Retention time (sed 

1,l-dichloroethylene 
trans- 1,2-dic hloroeth ylene 
cis- 1,2-dichloroethylene 

339 
464 
61 1 

TABLE 5. Retention times for minor sample contaminants. 

d Retention time C s d  

Chloroform 
Carbon tetrachloride 
Trichloroethylene 
Tetrachloroethylene 

638 
692 
784 
978 
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TABLE 6. Calculated cis- 1 ,Z-dichloroethylene concentrations in parts-per- 
billion. 

Date Int-c 

1) 8/6/91 49 13 3 
1 42 10 

32 12 1 
8/7/91 
8n/9 1 
8/7/91 40 

2) 8/30/91 67 

27 
33 

3) 9/3/91 
9/3/9 1 

The concentration data were determined as follows: 

1) Analyte response in the sample (normalized to the internal standard) was compared to 
the normalized instrument response to cis-l,2-dichloroethylene in the 100 ppb standard. 

2) Standard addition method. Normalized analyte response in the sample was compared 
to normalized analyte response when 25 ppb cis-l,2-dichloroethylene was added directly 
to the sample. 

3) Standard addition method. Normalized analyte response in the sample was compared 
to normalized analyte response when SO ppb cis-l,2-dichlorocthylcne was added dmctly 
to the sample. 

_. . I’ 



TABLE 7. Average cis- 1,Z-dichloroethylene concentrations. 

Alldata oints 

8/30 and 9/3/91 
8/6-8/7 lB 1 

42 
41 
43 

32 
17 
50 

TABLE 8. Other impurities (quantified in influent only). 
adon (mb] 

Chloraf om 

Carbon tetrachloride 

Trichloroethylene 

Tetrachloroethylene 

3 (Note 1) 
2 (Note 2) 

11 (Note 1) 
7 (Note 2) 

12 (Note 1) 
6 (Note 2) 

. 

I’ 

Notes: 1. First determination, 
2. Repeat determination. 
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Figure 6. Experimentally obtained mass spectra of l,l-dichloroethylene, tmns- 1,2-&chloroethylene, and c 
1,2-dichloroethylene from the analysis o f  Supeko Standard TCL Mix #5. These are plotted ES normalized 
fregment ion intensity versus mass-to-charge ratio. 



+ 
irr 
U 

I- 

_______.___..___. . , _ _ _ _ _ _ _ _ _ _ _ _ _  



i 
I 

_....---- 

I 
1 

- 
- 

1 

14 Sample: AS 1. 
100% = 169,000. , 4 

6 

I 

14 
9 

16 

1200 
28 :il 

Sample: AS2. 
100% = 138,000. 

F 
t 

c 

~ 

-, 

Figure 8, Reconsauctcd ion chromatogram of samples AS1 {top figure), AS2 (middle figure), and AS3 
(bottom figure). These samples were taken from the influent to the GAC units, between the two GAC ui 
and the effluent from the final GAC unit, respectively. The effectiveness of OU-2 ia removing these VC 
apparent in this figure. 
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