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ABSTRACT

Methodology and results of the analysis of 102 Denver groundwater, samples
for various target compounds are presented.
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ANALYSIS OF DENVER WATER SAMPLES

Introduction

The objective of the Denver Soil and Groundwater Project is to prevent
further environmental contamination, control/contain existing contamination, and
undertake mitigative effort as deemed necessary. As part of the Problem Definition
Phase of this project a large number of Denver water samples were collected and
analyzed at BSRC. The purpose of this survey was the confirmation and
semi-quantification of specific target compounds known or suspected to be present in
the water samples. GC/MS was the method of choice for this work; the overall
methodology being similar to that employed for priority pollutant analysis of water.
The list of desired target compounds is shown in Table 1. Also desired was
identification and semi-quantification of any other significant components.

In addition, pH, conductance, chloride ion, sulfate ion and ionic copper
were determined.

Sampling and Storage

The sampling protocol for the Denver Plant Groundwater Survey Program is as
follows.

Preparation of the Wells Before Sampling Water

"Wells are to be drilled at designated spots on the properties, lined with
polyvinyl chloride pipe, and capped. Each well is to be numbered by stencil "Denver
Plant Groundwater Well No. " (1 through n). Each well is -to have an altitude
benchmark referenced to the U.S.G.S. benchmark. Prior to each sampling of the well
water, the height of the water will be determined, measured from the top of the well,
and referenced to the benchmark. By use of a submersible pump (pumps which require
priming or vacuum are unsuitable) and a length of Teflon tubing, about 10 volumes of
water (as compared to the amount in the well casing) will be pumped out of the well.
If recovery times are short and the pumping operation can be accomplished in a
reas6nable time frame, pumping will be done before each sampling. After each pumping
operation, Denver drinking water will be used to rinse the pump. The Teflon tube
should require no rinsing but may require drying by use of a piece of gauze or
similar clean material.

Sampling the Water

In advance of the sampling operation, new quart bottles will be rinsed with
methylene chloride and dried at 1000 C. Smaller bottles or vials, 40-ml, will be
supplied by Westhollow Research Center (WRC)(G. W. Stanko). All bottle caps will
contain Teflon liners also to be supplied by WRC. Each bottle will be carefully
stored and handled so as to avoid contamination.

The actual water sample will be obtained by bailing as follows:
Immediately after pumping, the sample bottle will be placed into a weighted,
stainless cage. By use of a stainless steel chain, the bottle will be quickly
lowered to the bottom of the well and allowed to fill with water. The full bottle
will be brought to the surface, capped, labeled with tape labels, and placed in an
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ice bath. The 40-ml size bottle will be sampled in a similar manner, with care being
taken to insure liquid full bottles (no air space) upon insertion of the Teflon
septum. Four of the 40-ml bottles will be placed in a wide-mouth quart jar and
cushioned with wads of paper. After capping, the quart jar will be placed in an ice
bath. Two quart and three 40-ml samples of water shall be obtained from each well at
each sampling. The full bottles will be returned to the laboratory and placed in a
clean refrigerator at a temperature of 0 to 50C (32 to 41 0 F); freezing must be
avoided. The refrigerator will be used for no other purpose during this groundwater
survey program. After the completion of the sampling for the period, or when about
20 wells have been sampled, the samples will be sent to Modesto (BSRC) by
refrigerated truck or by air freight in a manner which will keep the bottles between
0 and 5 0 C. Upon receipt of the samples at BSRC, they will be placed in a
refrigerator (0 to 50 C) pending analysis.a)

Sampling of the wells at Denver will be coordinated with the work load at
BSRC to insure volatile analyses within two weeks of sampling. Extraction should be
accomplished within one to two weeks of sampling. Extracts may be sealed in airtight
vials and stored in a freezer to await analysis.

Records

A log book will be maintained for recording all sampling data. Among the
entries will be the names of persons doing the sampling, weather data, height of the
water in the well, any variance in the sampling procedure, and unusual events. The
log book will be signed by the responsible person after each series of sampling.

A map showing the location of each well is available on request from the

Denver Plant.

Instrumentation and Methodology for Volatile Organics Analysis (VOA)

The general scheme for VOA analysis is shown in flowchart form in Figure 1.
Specific analytical conditions are given in Table 2.

VOA Subsampling Procedure

The VOA vial was removed from the refrigerator and allowed to come up to
room temperature. The vial was opened and the tip of a 1-ml syringe (no needle
attached) was inserted well below the surface and a 1.0-ml sample was drawn very
slowly into the syringe. The internal standard was then added by syringe directly
into the subsample. A needle was then immediately attached and the sample was
injected into the sparging vessel through the septum valve.

VOA Standards

VOA reference standard solutions were freshly prepared at least once each
week. The reference standard contained 20 ig/ml each of the internal standard and
the target compounds in methanol solution. At least one reference standard run was
made each day that samples were run. The reference standard run sample was prepared
by syringe addition of 5 ul of reference standard solution to 1.0-ml of distilled
water previously boiled to remove volatiles. The purpose of this reference standard
run was to (1) ensure the reliability of of the analysis, and (2) to update response

a) The procedure for analysis is described separately.
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factors upon which the quantification was based. A typical VOA reference standard
run is shown in Figure 2.

VOA internal standard solutions were freshly prepared at least once each
week. This solution contained 20 pg/ml of only the internal standard,
bromochloromethane, in methanol. A 5 •il aliquot of the internal standard solution
(100 ng bromochloromethane) was added by syringe to each sample and blank immediately
prior to introduction to the sparging vessel. Blank runs, containing only internal
standard added to distilled, previously boiled water, were made at least once each
day.

VOA reference standard and internal standard solutions were kept
refrigerated when not in use.

A typical gas chromatogram/mass spectrum (GC/MS) of the VOA is shown in
Figure 2.

Extraction Procedure

Filtration - Prior to extraction samples were filtered through a 0.45 m
Millipore membrane filter, catalogue number HAWP-047-O0, covered with a
Millipore glass fiber prefilter, catalogue number AP25-047-O0. A
Millipore filter holder with glass frit was used.

pH Adjustment

Prior to pH adjustment and extraction approximately 100 -ml of each sample
was retained and submitted for pH, conductance, chloride ion, sulfate ion and ionic
copper determinations.

The volume of the remaining filtrate was noted and the filtrate transferred
to a 2-1 separatory funnel. Well samples 1A-46A were subjected to extraction without
pH adjustment.

The pH of all other samples were adjusted to pH 11 with sodium hydroxide
pellets. After extraction the aqueous phase was then adjusted to pH 2 with 6N HCI
and reextracted.

Extraction

The aqueous solutions were extracted with 120-ml CH2 C12 and the CH9CI 2
phase collected. The aqueous solutions were then extracted twice more with 8 -ml
portions of fresh CH2 C1 2 and the three extracts combined.

Concentration

The combined CH2 CI2 extracts were concentrated as rapidly as possible in a
Kuderna-Danish Evaporator equipped with a 3-ball Snyder column to a volume of
approximately 10-ml. The extracts were then further concentrated to approximately
0. 8-ml by blowdown with dry nitrogen. An aliquot of a standard solution of
dl 0 -anthracene internal standard (containing 100 1g) was then added to the extract
concentrates and the volume adjusted to 1.0-ml. The extracts derived from the basic
solutions are the base-neutral (BN) extracts and those derived from the acidic
solutions are the acid extractables (AE). Those extracts derived from solutions
without pH adjustment are listed in the result table under the BN heading.
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Instrumentation and Methodology for GC/MS Analysis for Extractable Organics

The general scheme for extractable organics analysis is shown in flowchart
form in Figure 3. Specific analytical conditions are given in Table 3.

BN Standards

BN reference standard solutions were freshly prepared at least every 3-4
weeks. The reference standard contained 100 ug/ml each of the internal standard and
the target compounds in methylene chloride solution. At least one reference standard
run was made each day that samples were run. The purpose of this reference standard
run was (1) to ensure the reliability of the analysis, and (2) to update response
factors upon which the quantification was based. A typical reference standard run is
shown in Figure 4.

BN internal standard solutions were freshly prepared at least every 3-4
weeks. This solution contained 1 mg/ml of only the internal standard,
di0-anthracene, in methylene chloride. A 100 ul aliquot of the internal standard
solution (100 pg dI0_anthracene) was added by syringe to each sample extract after
nitrogen blowdown.

BN reference standard and internal standard solutions were kept

refrigerated when not in use.

A typical GC/MS of a BN extract is shown in Figure 4.

Samples IA-4A, 9A, 13A, 16A, 17A, 23A-25A, 32A-34A, and 39A-41A were run on
the OV-101 packed column (conditions Q in Table 3). Samples 5A-8A, 1OA-12A, 14A,
15A, 18A-22A, 26A-31A, 35A-38A, 42A-46A, 16B, 24B, 40B, were run on the glass
capillary column (conditions in Table 3). All other samples were run on the fused
silica capillary column (conditions © in Table 3).

Data Processing of GC/MS Runs

The general scheme for data processing is shown in flowchart form in Figure
5. Details of the data processing procedures and programs are to be documented in a
separate report.

pH Measurement

The pH of the water samples was determined by using a Corning 110 Digital
pH Meter with a Metrohm EA 121 combination glass electrode.

Conductance Measurement

Conductance was determined using a Western Instruments Model 210
Conductivity Meter with a Model 219-200 flow through cell. The calibration solution
was 0.01 M KCl.

Chloride Ion Determination

Chloride ion was determined by silver nitrate titration using a Metrohm E
436 Potentiograph with a Metrohm EA 246 silver electrode.
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Sulfate Ion Determination

Sulfate ion was determined turbidimetrically as BaSO4 using a Hach Model
2100 Turbidimeter.

Ionic Copper Determination

Ionic copper was determined using a calorimetric method - EMS 2C14/59.

Results

The analytical results are presented in Table 4. Concentration values (in
ug/l or ppb) are given for target compounds exceeding the nominal minimum detectable
concentration of 10 ppb. Concentration values for other detected peaks, including
tri- and tetrachlorethylene, DMK (acetone), CH2 CI 2 and THF, are given if the peak
could be tentatively identified and the concentration exceeded 200 ppb.
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FIGURE 1

VOA SCHEME
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FIGURE 3
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FIGURE 5

DATA PROCESSING SCHEME

FINDING OF INTERNAL STANDARD

QUANTIFICATION OF INTERNAL STANDARD

jREVERSE LIBRARY SEARCH FOR SPECIFIC SET OF COMPOUNDS'
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FINDING OF ALL SIGNIFICANT PEAKS 'IN CHROMATOGRAM

FORWARD LIBRARY SEARCH FOR TENTATIVE IDENTIFICATION
OF ANY PEAKS NOT ACCOUNTED FOR IN REVERSE SEARCH

QUANTIFICATION OF FORWARD SEARCH RESULTS
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TABLE 2 - Conditions for Volatile Organics Analysis

Instrument: Finnigan 3200 GC/MS equipped with a Chemical Data Systems
Model 310 Concentrator

Trapping Column: 2' x 1/8" OD stainless steel packed with Tenax 60/80 mesh

Sparge Gas: Helium

Sparge Rate: 30 ml/minute

Sparge Cycle: 12 minutes with sparging vessel at 50oC onto trapping
column at room temperature

Desorb Cycle: 4 minutes at 1800 C onto GC column at room temperature

Trap Bakeout Cycle: 4 minutes at 280 0 C

Sample Size: I ml or 5 ml

GC Column: 10' x 2mm ID glass column packed with 1% SP-1000 on
Carbopack B, 60/80 mesh

Temperature Program: 500C for 4 minutes, then programmed to 2000C
at 10 o/minute, then held at 2000 C for 13.5 minutes

Injector Temperature: 2000C

Carrier: Helium at 30 ml/minute

Separator: Glass jet

Separator Temperature: 200 0C

Transfer Line Temperature: 200 0C

MS Mode: Electron Impact (EI)

Electron Energy: 70 eV

Electron Multiplier Voltage: Approximately 1700 V

Emission Current: 1.0 ma

Preamplifier Sensitivity: 10-7 a/v

Scan Range: 40-540 amu

Scan Time: 3 seconds

Scans per Run: 650

Internal Standard: 100 ng bromochloromethane
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TABLE 3 - Conditions for Extractable Organics Analysis

Instrument: Finnigan 4000 GC/MS

GC Columns: ( 6- x 2mm ID glass column packed with 3% OV-101 on
Gas Chrom Q, 80/100 mesh
S30m x 0.25.. ID glass WCOT capillary column coated with SE-54

30m x 0.25-. ID fused silica WCOT capillary column
coated with SE-54

Temperature Program: ( 50 0 C for 4 minutes, then programmed to 2600 C
at 10 0/minute

S70 0 C for 4 minutes, then programmed to 2800C
at 8 0 /minute

S70 0 C for 4 minutes, then programmed to 3001C
at 8 0 /minute

Injector Temperature: 280 0 C

Carrier Gas: Helium

Flow Rate: 20 ml/minute (e )

Injector: Modified German-Horning (@ and ©)

Injector Flow: 20 ml/minute ((® and Q

Injector Pressure: 14 psi (D and &

Split Ratio: Approximately 10:1 (0 and 0)
Separator: Glass jet (I)

Separator Oven Temperature: 280 0 C

Transfer Line Temperature: 280 0 C

MS Mode: Electron Impact (EI)

Electron Energy: 70 e/V

Electron Multiplier Voltage: Approximately 1700 V (without conversion
dynode) or approximately 1000 V (with
conversion dynode at 3000 V)

Emission Current: 0.2 ma

Preamplifier Sensitivity: 10-7 a/v

Scan Range: 40-640 amu

( Scan Time: ® 3 seconds; Q 2 seconds; . 1.5 seconds

Scan per Run: ® 500; ® 900; 0 1400

16



Volume Injected: 2 or 3 UI

Internal Standard: 100 pg/ml dlO-anthracene in final extract

17
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Footnotes to Table 4

1) At least one ion in spectrum saturated; actual concentration probably greater.
2) Dimethyldisulfide 36001)
3) 1,2-bis(methylthio)ethane 560
4) Dichloroethene 280
5) Cyclopentene 1900
6) Cyclopentadiene 400
7) Methyl cyclohexane 500
8) Dimethyldisulfide 42001)
9) 1,2-bis(methylthio)ethane 590
10) Methyl cyclohexane 250
11) Ethyl benzene 4500
12) Hexachloroethane 1800
13) Dichloropropene 210
14) Bromochloropropene 310
15) Ethyl benzene 630
16) Bromodichloro methane 520
17) 2-propanol 360
18) Dichloroethene 300
19) Methyl cyclohexane 300
20) Ethyl benzene 340
21) Methoxy benzene 440
22) Dimethyl disulfido 12001)
23) Cyclopentene 360
24) Cyclohexane 260
25) Hexane 400
26) Methyl cyclohexane 450
27) Ethyl benzene 490
28) Methyl cyclopentane 430
29) Dichloropropane 3800
30) Hexane 260
31) Methyl cyclohexane 420
32) Trichloropropane 370
33) Ethyl benzene 1900
34) Thiophene 200
35) 2-butanone 250
36) 2-butanone 440
37) Bromodichloromethane 1300
38) Bromochloropropene 1200
39) Bromochloropropane 320
40) Trichloroethanol 670
41) Methyl cyclohexane 200
42) Cyclopentene 380
43) Methyl cyclohexane 220
44) Cyclopentene 270
45) Methyl cyclohexane 490
46) Hexane 240
47) Methyl cyclohexane 390
48) Thiophene 320

f( 49) Dichloropropane 380
50) Ethyl benzene 200
51) Ethyl benzene 440

All concentrations are in Ug/l (ppb) 25



52) Dipropyl ether 250
53) Thiophene 240
54) Ethyl benzene 210
55) dipropyl ether 360
56) Methyl cyclopentane 590
57) Methyl cyclohexane 540
58) Ethyl benzene 730
59) Bromodichloromethane 87001)
60) Dibromochloromethane 450
61) Ethyl benzene 400
62)

CH3 •- NH2 MW 205 320

CI

63) Dibenzyl ether 350
64) From packed column BN run
65) From capillary column BA run
66) Ethyl benzene 240
67) Ethyl benzene 1000
68) Dichloroethylene 970
69) Methyl cyclohexane 580
70) Carbon disulfide 360
71) Cyclopentene 230
72) Cyclohexane 210
73) Thiophene 550
74) Methyl cyclohexane 610
75) Ethyl benzene 310
76) Diphenyl ether 380
77) VOA sample taken from quart jar
78)

CH3•-•- NH2  MW 205 250

CI

79) Cyclopentene 360
80) Cyclohexane 260
81) Hexane 400
82) Methyl cyclohexane 450
83) Ethyl benzene 490
84) Dipropyl ether 320
85) Sample lost
86) RIR-24-642-79
87) RIR-24-643-79
88) Average of two determinations
89) Trichlorophenol 910

All concentrations are in ug/l (ppb)
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