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1.0 INTRODUCTION 
As part of the U.S. Navy Comprehensive Long-Term Environmental Action Navy (CLEAN) 

Program, a Remedial InvestigationlFeasibility Study (RI/FS) will be completed by EnSafdAllen 
& Hoshall (E/A&H) at the Industrial Waste Treatment Plant (I”P) located at the Naval Air 
Station (NAS) in Pensacola, Florida. A work plan entitled Remedial Invesrigation/Feasibilify 
Study Work Plan - Group 0, Naval Air Station, Pensacola, Florida was completed by Ecology 

& Environment, Inc. and was submitted to the Southern Division Naval Facilities Engineering 

Command (SOUT€lDIV) in February 1992. The investigative work will be completed to fulfill 
the requirements of the work plan and will be completed in accordance with the procedures in 

the EPA document Standard Operating Procedures and Quality Assurance Manual, February 

1, 1991 (SOP/QAM). A copy of the SOPQAM will be kept onsite during a l l  field operations. 

The investigation consists of three broad tasks: physical surveys, field sampling, and analysis. 

The physical surveys are screening tools and will consist of a preliminaj air survey, radiation 

survey, habitavbiota survey, and a soil gas survey. The physical surveys will be conducted at 

NEESA Level B @PA Level 2) protocol. The field sampling is used to delineate the extent of 

contamination in the selected media. The media to be sampled include surface water, sediment, 

soils, and groundwater. The analytical tasks will be performed by a NEESA certified 

laboratory. Laboratory analysis of samples collected will be perfomed using approved methods. 

Field sampling, analytical methods, and reports will be conducted at NEESA Level D (EPA 

Level 4) protocol. 

A report will be submitted to SOUTHDIV upon completion of the investigative work and 

laboratory analysis summarizing the activities, results and conclusions of the investigation. The 
report will provide the basis for an FS to be completed at the site. 

1-1 



Final Sampling and Analysis P h  
NAS - Pensamla Operable Unit 10 

Revision No. I 
October 12, 1992 

~ 

This sampling and analysis plan will provide guidance on sampling and analytical techniques to 

be used at the site. In addition, this plan will outline proper documentation procedures for all 

phases of the investigation. 
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2.0 BACKGROUND INFORMATION 

2.1 Site Description 

The IWTP located at NAS in Pensacola, Escambia County, Florida is comprised of three sites. 

These sites are the Industrial Sludge Drying Beds (Site 32), Wastewater Treatment Plant 

(WWTP) Ponds (Site 33) and the miscellaneous IWTP SWMUs (Site 35). These three sites at 
the IWTP comprise Operable Unit 10. Operable Unit 10 is located on Magazine Point Peninsula 

and occupies approximately 26 acres. "he location of Operable Unit 10 is shown on FiguIt 2-1. 

Three additional sites are located adjacent to Operable Unit 10 and are shown in Figure 2-2. 
Site 13 (Magazine Point Rubble Disposal Area) is located to the east of Operable Unit 10, the 

northern end of Site 30 (Buildings 649 and 755) occupies the southwestern border, and Site 11 

(north of the Chevalier Disposal Area) occupies the western border. Located at or adjacent to 

Operable Unit 10 are 23 shallow monitoring wells, five intermediate monitoring wells, four deep 

monitoring wells, and seven groundwater recovery wells. The terms shallow, intermediae, and 

deep refer to the zone of placement within the surficial sand and gravel aquifer These terms 
cornspond to three zones of Wering permeability; a surficial zone (- 20'), a low permeability 
zone (-a'), and a producing zone (-65'). 

3' i*; 

Magazine Point Peninsula is surrounded by Bayou Grande to the north and west and Pensacola 

Bay to the east. The coastal waters are classified as Class III waters. According to the Florida 
Depaxtment of Environmental Regulation om), Class III waters are used for recreational 
purposes and the maintenance of a well-balanced fish and wildlife population. 

2-1 
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2.2 Previous Investigations 

2.2.1 Chronology of Site Activities 

1971 The IWTP Sludge Drying Beds, WWTP Ponds, and miscellaneous IWTP 
SWMUs were constructed for tertiary treatment of industrial waste and 

secondary treatment of domestic wastes. 

1973 IWTP was receiving and treating wastes generated by the industrial activities 

at NAS Pensacola. 

1979 During maintenance of a clogged industrial waste line, an industrial waste 

spill of approximately 80,000 gallons occurred because of pump failure at the 

final industrial waste lift station. The spill was released into a ditch (Site 30) 

near the lift station that eventually discharged into Bayou Grande. The spill 

occurred approximately 2,000 feet southwest of the subject site. Although it 

is believed the spill did not impact Operable Unit 10, it was indicative of the 

waste received at Operable Unit 10. The release caused a minor fish kill in 

Bayou Grande (NEESA 19831, but was deemed a minor incident by the 

FDER. No further investigation was initiated. 

1981 The IWTP was designated a Hazardous Waste Surface Impoundment (HWSI) 

and received an average of 880,000 gallons of wastes per day. The waste 
water contained high concentrations of organic solvents, phenols, chromium 

electroplating wastes (including cyanide and other heavy metals), and wastes 
from an onsite chemical conversion coating process for aluminum. The surge 

pond located at the IWTP was estimated to be leaking 5,800 gallons per day 

by Missimer and Associates, Inc. Four shallow monitoring wells were 

installed by Missiier and Associates, Inc. to meet the requirements of the 

Resource Conservation and Recovery Act (RCRA). A background well (UG 

2-4 
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1) was installed approximately 1,800 feet north of the surge pond, and three 

additional monitoring wells (DGl, DG2, and DG3) were installed in the 

vicinity and immediately northwest of the surge pond. Although monitoring 

well U G l  is hydraulically downgradient of the IWTP, the Navy, EPA and 

FDER agreed upon it as a background well. Analytical results from 

monitoring well U G l  indicate it has not been impacted by the IWTP. 

Compliance requirements were not met with the previously installed 

monitoring wells. Three additional monitoring wells were installed by 

Missimer and Associates, Inc. at the toe of the dike surrounding the surge 

pond. The newly installed monitoring wells (DG4 through DG6) and two 

previously existing monitoring wells (UGl and DGl)  were designated as 
RCRA detection monitoring wells. 

.* 
A sulfuric acid spill of approximately 2,200 gallons occurred at the sulfuric 

acid storage tank located in the chemical storage area near the northeast 

corner of the surge pond. Sand was used as an absorbent for the spill and 

lime was used as a neutralizing agent. The contaminated sand was then 

placed in the sludge drying beds. Water was used to rinse the land surface 

of the spill area, and the water was allowed to infiltrate (Geraghty & Miller 

1988~). 

1984 The IWTP sludge drying beds were removed from service. 

1984 A water quality assessment program was initiated at the IWTP by Geraghty 

& Miller to investigate contamination in the upper portion of the shallow 

aquifer. Seven additional shallow groundwater monitoring wells (GM-8 
througb GM-14) were installed at the facility by Geraghty & Miller. The 

2-5 
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monitoring wells were installed near the former sludge drying beds and the 

WWTP ponds. Groundwater samples were collected and submitted for 
laboratory analysis during three sampling events from the existing RCRA 
detection monitoring wells and the newly installed monitoring wells. 

1985 The FDER issued a temporary RCRA operation permit (permit no. HTl7- 

68087) to the U.S. Navy Public Works Department for the surge pond. A 
permanent permit was issued in September 1987 (permit no. HO17-12-7026). 

A Phase II groundwater investigation was initiated by Geraghty & Miller to 

delineate the horizontal and vertical extent of groundwater contamination. 

Fourteen additional monitoring wells (GM-62, GM-67, GM-70 through GM- 

73, and GM-76 through GM-83) were installed at the facility. Four 

intermediate monitoring wells (GM-64, GM-66, GM-69 and GM-75) and four 

deep monitoring. wells (GM-63, GM-65, GM-68 and GM-74) were also 

installed at the facility. 

In September, groundwater samples were collected from monitoring wells 

DG2, DG3, GM-8 through GM-14, and GM-62 through.GM-83 and were 

submitted for laboratory analysis. 

1986 To comply with conditions in the FDER Temporary Operating Permit No. 
HT17-68087, a Corrective Action Program was implemented at the IWTP. 
Seven groundwater recovery wells were installed at the facility. 

1987 In January, a comprehensive groundwater monitoring evaluation was 

conducted by the EPA. Groundwater samples were collected from seven 
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1987 

1988 

shallow monitoring wells (UG-1, DG-4, GM-12, GM-71, GM-73 and GM-80) 

and one deep monitoring well (GM-68). 

In February, the groundwater recovery system was placed in operation. 

In September, the FDER issued permit no. HO17-127026 to the U.S. Navy 

Public Works for operation of the surge pond stipulating the continued 

operation of the Corrective Action System. In addition, the permit required 

the implementation of a quarterly groundwater monitoring program. 

In November, the first quarterly groundwater sampling event was conducted 

at the IWTP. 

In January, the FDER issued a closure permit to the U.S. Navy Public Works 

for the following sites: polishing pond, stabilization pond, and thejsludge 

drying beds (permit no. HF17-134657). Upon closure of the ponds and beds, 

the clay liner and/or subsurface soils were sampled for laboratory analysis. 

In February, monitoring wells DGl ,  DG2, DG6, GM-74 and GM-75 were 

abandoned so that a surge tank could be constructed to replace the surge 

pond. 

In April, three temporary monitoring wells were installed by Geraghty & 

Miller to investigate the source of acidic groundwater. It was determined 

that the intermediate zone of the suflicial aquifer was impacted and that 

recovery well RW-5 was recovering the acid. 
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In November, a closure permit was issued to the U.S. Navy Public Works by 

the FDER for the surge pond (permit no. HF17-148989). Upon closure of the 

pond, the clay liner and/or subsurface soils were sampled for laboratory 

analysis. 

In December, a semi-annual report for the corrective action and compliance 

monitoring program was submitted by Geraghty & Miller. The report 

recommended the addition of five recovery wells to enhance the effectiveness 

of the corrective action system. 

1989 In May, monitoring of the corrective action program was transferred to 

Ecology & Environment (E & E). 
. .  

1990 In March, three additional monitoring wells were installed by E & E on the 

western flank of the former surge pond. These wells were installed to replace 

those wells abandoned during the construction of the surge tank. 

From July 1990 to November 1991 the recovery system was inoperative. 

1991 In September, the FDER issued permit no. HFl7-170951, changing the 

monitoring requirement from quarterly to semi-annually. Appendix M 
analyses were also deleted from the monitoring progmm. 

1992 In February, a report entitled Remedial Investrg&n/Feasibility Study Wonk 

Plan - Gmup 0, Naval Air Station Pensacolu was submitted by E & E. 
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2.2.2 Previous Analytical Results 

soils 
Soil samples were collected in accordance with the closure permits for the former sludge 

drying beds, former surge ponds, and the polishing and stabilization ponds. Laboratory 

analysis detected only low concentrations of phenols in the clay liner and subsurface soils 
beneath the polishing and stabilization ponds. Therefore, these two impoundments were 

given clean closure status. So% collected beneath the sludge drying beds had detected 

concentrations of cyanide (0.3 mg/kg); 1,3-dichlorobenzene (18 pglkg); 1,4-dichlorobenzene 

(14 pg/kg); and toluene (10 pglkg). Soils beneath the surge pond had detected 

concentrations of cyanide (1.2 mglkg); 1,2-dichlorobenzene (28 pg/kg); 1,3-dichlorobenzene 

(67 pglkg); and 1,4dichlorobenzene (10 pglkg). 

Groundwater 

The following is a summary of the analytical results for sampling events conducted during 

the past 8 yeam at the IWTP. Monitoring wells at the IWTP have been designated into 3 

categories, with different laboratory analyses, based upon their use under the RCRA 
permits. These designations are point-of-compliance (POC), corrective action (CA) and 

background (UGl). The discussion is divided into 4 major groups: metals, inorganics, 

VOCs and BNAs. Only the parameters that exceeded their respective Florida Primary 

Drinking Water Standards (FPWDS) or their Florida Secondary Drinking Water Standards 

(FswDS) will be discussed. A summary of the standard exceedances is presented in 

Appendix A. 

i '  

Metals 
Sodium, cadmium, chromium, lead, arsenic and mercury have been detected at 
concentrations that exceed their respective F'PDWSs. During the July and October 1984 

sampling events, samples were f iered and submitted for laboratory analysis of dissolved 
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metals. In all other sampling events the samples were not filtered and were submitted for 

laboratory analysis of total metals. 

Sodium was detected at concentrations that exceeded the FPDWS of 160 mg/l in monitoring 

w e b  PCS-1, XI-1, PCD-1, GM-14, GM-63, GM-64, GM-65, GM-66, GM-68, GM-69, 

GM-71, GM-72, GM-76, GM-77 and GM-84 during the monitoring program. 

Cadmium was detected at concentrations that exceeded the F’PDWS of 10 pgll in monitoring 

well GM-66. Cadmium concentrations have increased from being not detected in March 

of 1989 to 57 /4g/l in March of 1991. 

Chromium concentrations have exceeded the FmlWS of 50 pgll in monitoring well GM-66. 

Detected concentrations have increased from 210 pgll in March 1990 to 360 pgll in’March 

1991. 

The detected concentration of lead in monitoring well GM-66 increased from 2.6 pgll in 

March 1990 to 400 pg/l in March 1991. The detected concentration exceeded the FPDWS 
of 50 pgll in March 1991. 

In monitoring well U G l  arsenic was detected in May 1990 in concentrations (51 pg/l) that 

exceeded the FPDWS of 50 pgll. Concentrations of arsenic have decreased to 2.6 c(g/l 

(November 1990) or to below the method detection limit in subsequent sampling events. 

The detected concentration (4.4 pgll) of mercury exceeded the FPDWS (2 pg/l) in 
monitoring well GM-11 during the sampling event in November 1989. Mercury was not 

detected above the method detection limit in subsequent sampling events. 
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The FSDWS of 50 pg/l for manganese has been exceeded by the detected concentrations in 

monitoring wells UGl ,  DGl ,  DG2, DG3, DG-4, DG5, DG6, GM-8, GM-9, GM-10, 

GM-l2R, GM-U, GM-14, GM-62, GM-64, GM-66, GM-69, GM-75, GM-63, GM-65 GM- 

68, PCS-1, PCI-1, and PCD-1. 

The detected concentrations of iron have exceeded the FSDWS of 300 pg/l in monitoring 

wells UGl,  GM-8, GM-9, GM-10, GM-l2R, GM-13, GM-14, GM-62, GM-63, GM-65, 

GM-66, GM-67, GM-68, GM-69, PCS-1, PCI-1 and PCD-1. 

IDOrganiCS 

Of the additional inorganic parameters analyzed for (Le., nitrate, cyanide, sulfate, 

chloride), only chloride and sulfate have been detected at levels that exceed their k&ctive 

FSDWS. 

Detected levels of chloride have exceeded the FSDWS of 250 mg/l in monitoring wells GM- 

63, GM-64, GM-65, GM-66, GM-69, GM-71, GM-72, GM-76, GM-77, GM-84, PCI-1 and 

PCD-1. The FSDWS for sulfate of 250 mg/l was exceeded by the detected concentration 
of sulfate in monitoring well GM-66. 

Volatile Organic Compounds 
Detected concentrations of vinyl chloride; 1,l-dichloroethene; 1,2-dichloroethane; 
chloroform; carbon tetrachloride; trichloroethene; l,l,l-trichloroethene; tetrachloroethene; 

and benzene have exceeded their respective FPDWS at Operable Unit 10. The following 

section discusses standard exceedanas by the VOC parameters. 

Detected concentrations of vinyl chloride exceeded the FPDWS of 1 pgll in monitoring web 

DGl,DG2, DG4, DG5,DG6, GM-8, GM-9, GM-10, GM-64, GM-66, GMd9, andGM- 
75. The detected concentrations have decreased during the monitoring program. 
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Monitoring wells GM-66 and GM-69, which are intermediate zone wells have generally had 

higher detected concentrations of vinyl chloride. 

Detected concentrations of 1,l-dichloroethene have exceeded the FPDWS of 7 pgll in 

monitoring wells DGl ,  DG6, GM-8, GM-9, GM-64, GM-66, GM-67, and GM-69. 

Detected concentrations of 1,l-dichloroethene have been generally decreasing since May 

1989. 

1,2-dichloroethane has been detected at concentrations that exceeded the FPDWS of 3 pg/l 

in monitoring wells GM-9 and GM-64. 

The detected concentration of chloroform in monitoring well D G l  exceeded t$e,FE’DWS 

of 100 pg/l in October 1984. Chloroform was not detected above the method detection limit 

in a subsequent sampling event in February 1988. 
0 

Carbon tetrachloride was detected above the F’PDWS (3 p/l) in monitoring wells D G l  and 

DG-6 in October 1984. In the February 1988 sampling event, carbon tetrachloride was not 

detected above the method detection limit. 

Detected levels of trichloroethene exceeded the FPDWS of 3 pgll in monitoring wells UGl ,  

DGl ,  DG2, DG-4, DG6, GM-8, GM-UR, GM-65, GM-66, GM-67, GM-68, and GM-69. 

The concentrations have decreased in the shallow and deep zones while increasing in the 
intermediate zone since August l988. The intermediate zone has also had significantly 

higher detected concentrations of trichloroethene. 

Detected concentrations of l,l,l-trichloroethane have exceeded its FPDWS of 200 pgll in 

monitoring wells DG1, DG6, GM-8, and GM-9. The concentrations have decreased since 
1984 in the DG series wells and since 1989 in the GM series wells. 
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Detected concentrations of tetrachloroethene have exceeded the FPDWS of 3 pg/l in 

monitoring wells DGl ,  DG2, DG3, DG-4, DG6, GM-8, GM-9, GM-62, Gm-63, GM-64, 
GM-66, GM-69 GM-81, GM-82, and GM-83. Detected concentrations have generally 

decreased since September 1985 in all of the site monitoring wells. 

BNAs 

1,4dichIorobenzene has been detected at concentrations exceedhg the FPDWS of 75 pg/l 

in monitoring wells D G l ,  DG2, DG-4, DG5, DG-6, GM-8, GM-9, GM-10, GM-67 and 

GM-69. There is no significant trend in the concentrations of 1,rldichlorobenzene; 

however, the overall trend is for decreasing concentrations. 

2.2.3 Conclusions 

Analytical work completed at the site has determined the presence of contamination in the 

shallow and intermediate zones of the surficial aquifer. Excluding sodium, the deep zone 

of the surfiaal aquifer has not had any parameters detected above applicable state 
standards. Primary areas of groundwater contamination include the area east of the 

former sludge drying beds and the area near the former surge pond. 

2.3 Geology and Hydrology 

Surface soils across the site are classified by the U.S. Department of Agricultures’s (USDA) Soil 
Conservation Service as undifferentiated coastal soils bordering salt water. Three principal 

hydrogeologic units underlie NAS Pensacola. In descending order they are the surfrciaysand- 

and-gravel aquifer, the intermediate system and the Floridan Aquifer System. A generalized 

cross-section illustrating the hydrogeologic units is provided in Figure 2-3. 
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Surficial/Sand-and-Grvel Aquifer 

The surficial aquifer is composed of unconsolidated clastic deposits and is approximately 300 

feet thick. The suficial aquifer is a major source of drinking water for this area of Florida. 
The Surficial Aquifer is comprised of three zones of differing permeabilities. These zones are 
the surficial zone, the low permeability zone, and the main producing zone. A generalized 

cross-section of the Surficial Aquifer is presented in Figure 2-4. The three zones are 

discussed below. 

General Surficial Zone 

The surf~cial zone is approximately 40 to 70 feet thick and is composed of a poorly graded 

quartz sand. The depth to groundwater is less than 1 foot to 20 feet depending on ground 

surface elevation and tidal influence. This zone has a high permeability, and groundwater 

velocity is generally high. 

Site Specific Surficial Zone 

At Operable Unit 10, the surficial zone of the Sand-and-Gravel aquifer is composed of 

white to light brown, fmeto medium-grained quartz sand (E & E, 1991g) and extends to 

a depth of approximately 38 to 48 feet. Depth to groundwater in this zone is between 1 to 

4 feet below the ground surface depending on the tidal influence and the ground surface 

elevation. Groundwater flow in this zone is to Bayou Gwnde or Pensacola Bay, depending 

on proximity to the water bodies. The average estimated groundwater veldty for March 

1990 in the shallow zone is 0.0950 feet/day or 34.67 fWyear (E & E 1991g). The 

groundwater flow can be locally influenced by the seven well recovery system. From 

February 1987 to November 1988, the recovery system was operating at an average 
withdrawal rate of 1.86 million gallons per month (G & M 1988d). The recovery system 

is currently in operation. 
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The intermediate zone is located at the lowermost portion of the SurficiaYSand-and-Gravel 

aquifer. Groundwater flow in the intermediate zone across Operable Unit 10 is to 
Pensacola Bay. The average estimated groundwater velocity for this zone in March 1990 

is 0.0027 feet/day or 0.9855 feet/year (E & E 1991g). 

General Low Permeability Zone 

Underlying the surficial zone is the low permeability zone. This zone is composed of clay and 

silt-size material which are lower permeability sediments. Vertical hydraulic conductivities are 

lower than the surficial zone. Therefore, this unit acts as a confining or semiconfining unit. 

The thickness of this zone ranges from 8 to 40 feet, and the unit is believed to be continuous 

across the site. 

0 Site Specific Low Permeability Zone 

The low permeability zone extends to an approximate depth of 55 to 60 feet beneath the 

ground surface at Operable U@t 10. The low permeability zone is composed of gray, 

clayey silt which contains shell fragments. No groundwater wells are screened in the 

intermediate zone. Therefore, the direction and velocity of groundwater flow are not 

known. 

General Main Producing Zone 

Underlying the low permeability zone is the main producing zone. This zone is composed of 

sand and gravel with thin beds of silt and clay. The depth to the top of this zone ranges from 

60 to appmximately 120 feet. The thickness of the zone is variable but it is estimated to be 

approximately 300 feet at NAS Pensacola. This zone is the principal source of water supply for 

the Pensacola area. Because of the overlying low permeability zone, the main producing zone 
is under confined or semiconfimed conditions. A downward hydraulic gradient has been locally 

observed at NAS Pensacola from the surfkial zone to the main producing zone; thus, there is 

a potential for vertical migation of contaminants. 
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Site Specific Main Producing Zone 

The main producing zone at Operable Unit 10 occurs approximately 55 to 60 feet beneath 

the ground surface. The lithology of the zone based on monitoring wells completed at 
Operable Unit 10 is gray, fine to medium grained sand. Groundwater flow is generally to 

the south across the site. Groundwater velocity is estimated for March 1990 to be 0.0019 

feetiday or 0.6935 feet/y&r (E & E 1991g). 

Intermediate System 

The intermediate system underlies the sand and gravel aquifer. This unit is regionally extensive 

and has a lower permeability. Fine grain sediments comprise this system and it functions as a 

confining unit for the underlying Floridan Aquifer System. The unit does not generally contain 

water, but local sand seams may exist which would yield small quantities of water. The 
intermediate system is approximately 1,100 feet thick in the NAS Pensacola area. Thep are no 

wells completed into the intermediate system at Operable Unit 10. 

Floridan Aquifer System 

Underlying the intermediate system is the Floridan Aquifer. The depth to the top of the Floridan 

Aquifer is approximately 1,500 feet, and the unit is composed of limestone. Groundwater within 

the Floridan System is highly mineralized in the area of NAS Pensacola and is not used for 

water supply. Tbere are no wells completed into the Floridan Aquifer System at Operable 

unit 10. 
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3.0 PHYSICAL SURVEY 

3.1 Preliminary Site Survey 

A preliminary survey will be conducted to determine any potential contaminant sources and any 
present or past waste streams at the facility. The survey will include a review of previous 

investigative reports, interviews with present and former NAS Pensacola personnel, aerial photo 

analysis, and a utility survey. 

The contaminant survey will include identifhtion of: 
0 The location of previous and cumnt underground and overhead piping and 

utilities. 

Past and presently used chemicals used at the facility. 

Locations of any known surface spills or leaks. 

Locations of any known historical outfalls. 

The locations and contents of any known present or former underground storage 

tanks. 

e 

e 

e 

e 

3.2 Preliminary Air Survey 
In conjunction with the establishment of the soil gas survey grid network (See Figure Sl), a 

preliminary air survey will be conducted across the site using an organic vapor analyzer (OVA). 
The surface volatile emissions survey will be conducted when ambient conditions are most 

conducive to volatilization. This condition would be when the air temperature exceeds 80" F, 
the wind speed is lower than 5 miles per hour (mph), the preceding several days have been 

characterized by warm, dry weather, and the sun is shining. The OVA will be calibrated 

according to manufacturer's specifications before use onsite. Surface coverage features (e.g., 

buildings, asphalt areas, vegetation, soil discoloration) will be noted and recorded in the field 

notebook. Prior to collecting readiftgs across the site, background readings will be collected at 

an upwind location. At each air sampling point, the location and two OVA readings will be 

recoded in the field logbook. The readings will be collected approximately 2 inches above the 
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ground surface. The first reading will be without a carbon fiter on the OVA. The second 

reading will be with a carbon fdter on the OVA. The difference between the two readings will 

be calculated as the concentration of methane at that sampling point. This procedure will be 

implemented to differentiate between ionizable organic vapors and methane. Each 
sampling point will also be screened with an explosivity/oxygen (03 meter. If elevated 

readings are detected at 2 inches above the ground surface, an additional reading will be 

collected in the breathing zone, approximately 3 to 5 feet, to determine site workers' exposure. 

The location of the air survey point will also be marked on a site map. The background location 

shall be checked at regular intervals throughout the survey to document any changes in 

background concentrations. A contaminant quantification survey will be performed based on the 

results of the preliminary air survey, the soil gas survey results and the surface soil grain si& 

analyses results. Meteorological conditions will be obtained from other Navy facilities located 

t '  

on the base. 

3.3 Radiation Survey 

In conjunction with the preliminary air survey, a preliminary radiation survey will be conducted 

at the soil gas survey node locations. Proposed grid locations for the preliminary air survey, 

the radiation survey and the soil gas survey were previously presented on Figure 3-1. The 

initial survey objective is to determine if Radium-226 has been transported via the waste 

water treatment system to sites 32,33, or 35. Because Radium-226 has a strong gamma 

emission, its presence can be detected and mapped with a sodium iodide (NaI) type 

scintillation detector. "he field screening will be conducted by taking measurements at the 

surface and 1 meter above the ground surface to estimate site workers' exposure. The MicmR 
meter uses a NaI scintillation type detector expressing the amount of ionizing radiation in 
dose units. Measurements will be collected at each established grid point and recorded in the 

field notebook. The Micro-R meter shall be calibrated by the manufacturer prior to 

shipment to the site. Calibration a 
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shall be checked in the field using a manufacturer’s check source. The equipment will be 

operated in accordance with manufacturer’s specifications. If a source above exposure criteria 

is discovered during the surveys, a pressurized ion chamber (PIC) may be used to 

determine dose. 

Soil borings will be located at identified source areas from the radiation and soil gas 

surveys. If no activity above background is encountered, soil borings will be located based 

solely on soil gas criteria. A gross alpha, beta, and gamma screening will be conducted on 

all samples with 10 percent of all samples undergoing a complete gamma spectroscopic 

analysis. 

Gamma spectroscopy is needed to determine the isotopic ratios. If contamination is found, 

analysis for the specific isotopes wil l  be conducted to assess the specific activity of the 

source. Specific activity and isotopic ratios are required for risk based assessments. If 

contamination is found, the nature and extent will be modeled using mathematical models 

such as the DOE RESRAD model. A certified health physicist will be contracted to review 

all field and analytical data. 

3.4 Habitat/Biota Survey 

A habitatlbiota survey will be performed during the initial investigation to determine any onsite 

terntrial and aquatic habitats and any surrounding habitats that could be affected by 
contamination migration. Any rare, threatened, and endangered species will be documented in 

addition to the general population of animals and plants. 
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3.5 Soil Gas Survey 

A soil gas survey serves as an effective screening tool for VOC contamination and is an effective 

guide for establishing soil and groundwater sampling points. The soil gas survey will require 
the establishment of a grid system across the site. Initially, the two baselines (x and y axis) will 

be deftned by a Florida registered surveyor. The baselines will be flagged at 100-foot intervals. 

The grid will then be established using a Brunton compass and measuxhg tape. The proposed 

soil gas sampling grid is provided in Figure 3-1. Measurements will be collected at each 

established grid point and recorded in the field logbook. Areas of elevated soil gas readings 

shall be further investigated by redefdng the survey grid to a smaller interval. The 

intervals shall be decreased to 10 feet, and additional soil gas readings shall be collected. 

The survey shall be decreased to smaller intervals as needed. The sampling point will be 

noted on a site map. The baselines and other key elements of the grid will be documented by 

a Florida registered surveyor for inclusion on report maps. 

The soil gas probes will be installed using either a manual disposable drive point method or a 
hydraulically powered, van-mounted Geoprobe. One duplicate sample will be collected every 

20 samples. One rinsate blank sample will be collected every 20 samples to check 

decontamination procedures. Based on the results of the survey, locations will be selected for 

heated headspace Qltolysis. The heated headspace analysis method is described in Appendix 

B. This method requires the collection of groundwater samples through the stainless steel 

sampling point for analysis by the portable gas chromatograph (GC). The quality assurance 
plan (QAP) for soil gas services is included in Appendix B. 

Perforated Drive Point Procedures 
The following procedures will be followed at each of the soil gas sampling locations if the 

perforated drive point method is used: 

3-5 



Final Sampling and Analysis Plan 
NAS - Pensacola Operable Unit 10 

Revision No. 1 
October 12. 1992 

e The soil gas sampling point will be constructed of stainless steel pipe with a disposable 

sampling point. 

e The point will be decontaminated prior to use and will be advanced to slightly above the 

water table. 

0 Teflon tubing will connect the soil gas sampling point to the sample collection device. 

A vacuum pump will be attached to the sample collection device by additional Teflon 

tubing. 

e At least three volumes will be purged from the sampling apparatus before sample 

collection. 

8 Following purging, the sample collection device will be closed to its connection to the 

vacuum pump. After approximately five minutes, the sample collection device will be 

sealed. 

e The sample will be analyzed with a portable GC. 

e Upon completion of the sample collection, the sampling point will be removed. 

8 At selected sampling locations based on soil gas readings and proximity to source 

areas, the soil gas sampling points will be advanced into the water table. 
Groundwater samples will be collected through the sampling point and analyzed 

using the heoted heidspace method. 
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e Between each sampling location, the soil gas probe will be decontaminated. Teflon 

tubing will not be reused. The materials will be placed in 55-gallon drums for future 
disposal by the Navy. . 

Van-Mounted Geoprobe Procedures 
If the van-mounted Geoprobe is used, the following procedures will be followed: 

e The stainless steel pipe, outfitted with a disposable tip on the lead drive point, will be 
advanced in the ground with the percussion hammer. 

e After the pipe has been advanced to the desired depth, the pipe will be withdrawn 8 to 

10 inches to create a void in which soil gases can collect. 

e Teflon tubing will be inserted in the pipe into the expendable tip holder. The tubing will 

be connected to a sample collection device. Additional Teflon tubing will be used to 

attach the sample collection device to a vacuum pump. 

e At least three volumes will be purged from the sampling apparatus before sample 

collection. 

e Following purging, the sample collection device will be closed to its connection to the 

vacuum pump. After approximately five minutes, the sample collection device will be 

sealed. 

e The sample will be analyzed with a portable GC. 
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e At selected sampling locations based on soil gas readings and proximity to the source 

areas, the soil gas sampling points will be advanced into the water table. 

Groundwater samples will be collected through the sampling points and analyzed 

using the heated headspuce method. 

0 Upon completion of the sample collection, the sampling point will be removed. 

e AU sampling equipment will be decontaminated before use and between each sample 

collection point. Teflon tubing will not be reused and will be placed in 55-gallon drums 

for future disposal by the Navy. 
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4.0 F'IELDSAMPLINGPLAN 
The field sampling plan details the sampling and field measurement procedures to be used during 

the facility investigation. The field investigation includes advancing soil borings, installing 

groundwater monitoring wells, and the collection of air, soil, sediment, surface water and 

groundwater samples using various techniques. The sampling and analytical requirements for 

this investigation are provided in Table 4-1. 

The EPA Contract Labomtory Program (CLP), Target Analyte List (TAL), and Target 

Compound List (TCL) are used to provide a defensible full spectrum contaminant analysis. The 

primary surface drainage is chosen for sampling to assess the current and latest affects on the 

surface water pathway. Soil and groundwater collection points were selected to asses the soil 

and groundwater pathways. All soil and water samples will be analyzed for the full T N T C L  

list with additional non-CLP analyses also being conducted. 0 
Table 4-2, taken from =E's approved work plan, details the rationale for proposed 

groundwater monitoring wells. These proposed locations of the monitoring wells may change 

based on the soil gas survey results. Soil gas survey results may indicate a trend that requires 

further investigation with either soil borings or groundwater monitoring wells. 
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M d i  

Surface Water 

Sediment 

Soil’ 

No. of Trip Fiid R i a t e  A ~ l y t i c l l  
Samph.. D u p l i i  Blank.’ Blankr Blank. Total Suhr Commonts 

12 1 - 1 1 15 A 1 sampling 
(1). 1 B event at high, (1) 

(2) NR NR NR NR (2) C intermediate, 
and low tides 

- - 1 - 

4 1 - NR 1 6 A 
(1 I - 1 NR - (1). 1 B 
(21 NR NR NR NR (21 D 

36 5 - NR 3 44 A 
(1 1 - 3 NR - (I), 3 B 
5 NR NR NR NR 5 E Surface Soils 

Source: Ecology and Environment, Inc., 1992 

Notes: 
The number of samples shown in parentheses will be analyzed for the additional parameters indicated. 

’ Trip blanks will be anslyred for Appendix IX volatile organic compounds only. 

Ad-  8&08: 

A - TCL VOCs; TCL base-neutrallacid extractable organic compounds (BNAs); TCL pesticides and polychlorinated biphenyls 
(PCBE); TAL metals (total 1i.e.. unfiltered] and dissolved [Le., millipore-filtered], water only); cyanide; gross alpha, beta, 
and gamma radioactivity; total organic carbon; total Kjeldahl nitrogen (TKN; surface water and sediment only); grain 
size (sediment only); hardness (water only); and alkalinity (water only). 
Appendix IX VOCs, BNAs, dioxins, pesticides, PCBs, organophosphorus pesticides, herbicides, total metals, cyanide,. 
and sulfide. 
Total suspended solids, TKN (groundwater only), ammonia nitrogen, orthophosphate phosphorus, dissolved oxygen 
(in field), 5-day biological oxygen demand (BODs), and chemical oxygen demand (COD). 
pH, alkalinity, percent moisture, grain size (soil only), BTU content, ash content, total organic halogens, sulfur, 
ignitability, and cation exchange capacity. 

B = 

C = 

D = 

E = Grain size. 
F = Permeability. 

NR = Not required. 

12 boring locations x 3 depth intervals = 36 samples; and 2 locations x 1 depth interval = 2 samples. 

‘ 7 existing wells + 17 new onsite wells (6 shallow, 10 intermediate, and 1 deep) = 24 samples. 
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11 (Recovery Well 3, 

Sample 
Typ.(*I 

SOW 

SGW 

SGW 

SOW 

SGW 

SGW 

R i t k ~ k  For Proposed RI Monitoring W d  Lout 

Delineate the presence, nature, and extent of 
possible shallow groundwater contamination 
Bast (hydraulically downgradient) of former 
surge pond. 

Delineate the presence, nature, and extent of 
possible shallow groundwater contamination 
hydraulically downgradient of former sludge 
drying beds. 

Delineate the presence, nature, and extent of 
possible shallow groundwater contamination 
east of former surge pond-high VOCs and 
BNAs detected in this area-and near erea of 
former acid spill. 

Delineate the presence, nature, and extent of 
possible shallow groundwater Contamination 
west (hydraulically downgradient) of former 
surne oond. 

Delineate the presence, nature, and extent of 
possible shallow groundwater contamination 
west (hydraulically downgradient) of former 
sludge drying beds. 

Delineate the presence, nature, and extent of 
possible shallow groundwater contamination 
north (hydraulically downgradient) of former 
sludge drying beds. 

,- 

a. 

. *  

4-3 

1 And Groundwi 

Arulytkd 
suit- 

A 

A 

A 

C 

A 

A 

C 
(9 onlv) 

A 

C 

Arulvtkd Rationale 

Characterize full spectrum of potential contaminants. 

Characterize full spectrum of potential contaminants. 

Support potential site remediation planning activities. 

Characterize full spectrum of potential contaminants. 

Support potential site remediation planning activities. 

~~~ 

Characterize full spectrum of potential contaminants. 

Characterize full spectrum of potential contaminants. 

Support potential site remediation planning activities. 

Characterize full spectrum of potential contaminants. 

Support potential site remediation planning activities. 



A 

C 
(14 and 15) 
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Characterize full spectrum of potential contaminants. 

Support potential site remediation planning activities. 

Tabk 4-2 

A 

B 

C 

A 

A 

R 8 t b d e  For Proposed RI Monitoring W d  Local 

Characterize full spectrum of potential contaminants. 

Satisfy RCRA requirements. 

Support potential site remediation planning activities. 

Characterize full spectrum of potential contaminants. 

Characterize full spectrum of potential contaminants. 

Location Ratiorule 

C 
(1 9 only) 

Delineate the eastern extent of possible 
intermediate depth groundwater contamination. 
Proposed wells are located downgradient of 
former sludge drying beds, former surge ponds, 
end intermediate and polishing ponds. 

Delineate the southern extent of possible 
intermediate depth groundwater contamination. 
Proposed wells are located cross-gradient from 
intermediate pond and polishing ponds. 

Delineate the presence, nature and extent of 
possible intermediate depth groundwater 
contamination east (hydraulically 
downgradient) of the former surge pond. 

Support potential site remediation planning activities. 

Delineate the western extent of possible 
intermediate depth groundwater contamination. 
Proposed well is located hydraulically 
umradient from intermediate pond. 

Delineate the western extent of possible 
intermediate depth groundwater contamination. 
Proposed wells are located hydraulically 
upgradient of former sludge drying bede. 

Delineate the northern extent of possible 
intermediate depth groundwater Contamination. 
Proposed well is located hydraulically cross- 
gradient from former sludge drying beds. 
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I A d y t k d  
Suites 

A Characterize full spectrum of potential contaminants. 

A Characterize full spectrum of potential contaminants. 
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4.1 Sampling Objective 

The objective of the field sampling plan is to outline a feasible means of sample collection for 

chemical and physical analysis. 

Objective of sampling plan: 

e To delineate the extent of soil, sediment, groundwater, surface water, and air 
contamination. 

To delineate migration pathways of the contaminants. 

To identify potential receptors of the contaminants. 

0 

0 

4.2 General Sampling Requirements 

The general procedures that field personnel are to follow when collecting soil,*wibeat, 
I ’?- . ‘I: . 

groundwater, and surface water samples are included in this section. Detailed sampling 

procedures are discussed in Section 4.5 of this SAP. The procedures are designed to prevent 

cross contamination of the samples. 

0 

General sampling procedures: 
e All sampling activities will be conducted so that the sampling order will be from the area 

of least contamination to the area of most contaminated in each medium. If free product 

or contaminant saturated media are found to exist, grab samples will be collected from 

that area. 

0 The preferred order of sample collection will be as follows (on a parameter basis): 

volatile organic compounds, total organic carbon, extractable organics (including 

pesticides, herbicides, and polychlorinated biphenyls), total metals, dissolved metals, 

cyanide, inorganics, and turbidity. 
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0 A clean pair of protective gloves will be donned by the sampler before each sample 

collection. 

e Sample collection will be perfomed with either disposable sampling devices or 

decontaminated, stainless steel devices. When required, composite samples will be 

homogenized in stainless steel bowls. All sampling equipment will be decontaminated 

in accordance with the procedures outlined in Section 4.6 of this SAP. 

e 

e 

Disposable sampling equipment shall be constructed of Teflon or PVC. The device 

shall be decontaminated by the manufacturer prior to shipment to the site. If 

disposable sampling devices are used, an equipment rinsate blank will be collected 

before use. 

Samples collected for volatile organic compound analysis will not be homogenized. 

Sample containers for samples thought to be highly contaminated will be separated from 

the samples containing trace amounts of contaminants. 

e Sample containers will be precleaned and provided by the analytical laboratory, except 

for stainless steel sleeves used for soil sampling which will be decontaminated onsite. 

e All disposable sampling equipment will be double bagged and placed in a trash receptacle 

for disposal. 

4.3 SampleprocesSing 

After collection, samples will be preserved, labeled, packed and prepad for shipment in the 

following manner: a 
4-7 



Final Sampling and Analysis Plan 
NAS - Pensacola Operable Unit 10 

Revision No. I 
October 12. 1992 

e Some of the analyses that will be performed on selected samples require that the samples 

be preserved as soon as they are collected in the field to maintain their integrity. Each 

sample chemically preserved will be clearly identified as such on the sample label. 

Specific sample preservations are detailed in Section 4.7.1 and Appendix C of this SAP. 
All samples will be preserved to 4" C immediately after they are collected and during 

shipment to the laboratory. A 40 milliliter (ml) vial of tap water will be used as a 

temperature blank to document sample receipt temperature. 

e Samples will be handled as infrequently as possible. Extreme care will be taken to 

ensure that samples are not cross contaminated. Sealable plastic bags will be used to 

protect samples from cross contamination. A trip blank, prepared by the laboratory and 

shipped with the sample containers, will be held and shipped with each set 1 t  of samples 

to be analyzed for VOCs. Headspace or bubbles will be avoided in all VOC samples: 
* *I 

e All samples will be idenwled and fully documented in the field records, on the chain-of- 

custody forms, and the sample labels. Specific instruction on the completion of the 

sample labels and chain-of-custody forms are provided in Sections 4.7 and 4.8 of this 
SAP. Examples of the labels and chain-of-custody forms are contained in Appendix D. 

Any samples that are thought to be potentially hazardous will be idenWied as such in 

the field records, on the chain-of-custody records, and on the sample labels. 

Documentation will be performed in accordance with Section 7.0 of this SAP. 

e Chain-of-custody procedures will be followed to assure that the samples are maintained 

in a safe and reliable manner and to assure that each step in transportation to the 

laboratory is documented. This process will be implemented in the field and followed 

throughout the duration of the sampling process. An example of the chain-of-custody 
form is provided in Appendix D of this SAP. Chain-of-custody documentation will be 

perfomed in accordance with the procedures described in Section 4.8 of this SAP. 

4-8 
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0 All samples will be shipped overnight after collection via express air courier. Any 
samples that are considered to contain hazardous materials will be shipped in accordance 

with Title 49, CFR. Specific procedures for sample shipment are provided in Section 

4.7.2. Air bill numbers will be recorded on the chain-of-custody forms. 

VOC samples that effervesce due to dissolved gases or high carbonate or bicarbonate 

content, will not be preserved with HCl if proper notification is given to the laboratory. 

4.4 Collection of Auxiliary Data 

All auxriiary data relative to a particular sampling location will be collected in conjunction with 

the sampling activities. Auxiliary data may include field measurements of pH, specific 

conductivity, temperature, salinity and flow rate. Photographs of sampling events will be 

collected to keep records of all site activities. Field information will be recorded ih . tbe I ." field I .. 
logbook. All other pertinent information (e.g, water levels, boring logs) will be recorded on 

the appropriate field forms or in the field logbook. 

4.5 Specific Sampling Procedures 

The following section describes the sample procedures that will be followed by field personnel 

during the site investigation. All sampling procedures to be used at NAS Pensacola will comply 

with EPA approved practices outlined in the SOP/QAM. 

4.5.1 Surface Water Sampling 

Surface water sampling will be conducted in accordance with Section 4.8 of the SOP/QAM 

manual. To assess the surface water pathway for contaminants to migrate offsite, the variables 

to be accounted for include: 

,,. 
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Weather 
Tide 
Flow Rate (Q =VA) where: Q = flow 

V = velocity 
A = cross sectional area 

Bottom type 
VegetatiodBiota 

The fmt step in the surface water sampling is to study the hydrodynamics of the drainage ditch 

to determine the sample locations. The hydrodynamics of the drainage ditch will identify 

areas of collection, flow, discharge and the influence of the tide. Water flow will be 

measured twice daily at both high and low tide during sampling. The measurements will be 

recorded in the field logbook. The sample collection points will be determined and samples will 

be collected in accordance with the procedures outlined in Appendix E. The sam&’kill.be 

collected at the selected locations during three events. These events will be conducted at 

high, intermediate, and low tides. A rain gauge will also be installed at or near the sample 

locations to document the rainfall influence. At each sample point, field measurements of pH, 

specific conductance, temperature, and salinity will be collected. 

@ 

4.5.2 Sediment Sampling 

Sediment samples will be collected using a stainless steel hand auger at the same sample 

locations as the surface water samples. Sediment sampling will be conducted in accordance with 

Section 4.8 of the SOP/QAM manual. Specific procedures to be followed for sediment sample 

collection are provided in Appendix F. 

4.5.3 soil sampling 

Soil sampling locations will be based on the results of the soil gas survey. The soil gas survey 

will indicate areas of elevated soil gas. These areas shall be further investigated by 

redef- the survey grid to a smaller interval. The intervals shall be decreased to 10 feet 0 
4-10 
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and additional soil gas readings shall be collected. The survey shall be decreased to smaller 

intervals as needed. Soil borings shall then be advanced at the hot spot locations. 

Additional soil borings shall be advanced in areas of low readings to obtain random 

coverage of the subject property. A decision tree showing the criteria for selecting the soil 

boring locations is shown on Figure 4-1. Soil samples will be collected as outlined below. 

Surface Soil Sampling 

Two surface soil samples will be collected from areas of elevated OVA readings, based an the 

results of the preliminary air survey. Three additional surface soil samples will be collected 

from locations with nonelevated readings to determine background levels. Soil sampling will 

be conducted in accordance with Section 4.11 of the SOP/QAM manual. Surface samples are 
defined as 0-1’ exclusive of rocks, twigs, leaves, and vegetation. 

Subsurface Soil Sampling 

Drilling Methods - Soil borings will be advanced using hollow stem auger drilling methods 

in accordance with the procedures outlined in Appendix E.2.1 of the SOP/QAM manual. The 

augers will be advanced without a bottom plug to facilitate split barrel sample collection. 

Lucations of the soil borings will be detemined based on the results of the soil gas survey. 

After soil samples are obtained to the proper depth, the soil borhgs will be abandoned with neat 

cement grout. 

Soil Sampling Procedures - Soil samples will be collected continuously to the water table 

using a 2-inch inside diameter split barrel sampler with stainless steel liners. The split barrel 

sampler will be 2 feet long and will contain four 6-inch liners. The split barrel sampler will be 

pushed until the full length of the sampler has been driven or until refusal. Upon sampler 
retrieval, soil samples will be screened for ionizable organic vapors using a photoionization 

detector @ID) or a flame ionization detector (FID). The two liners with the highest readings 

will be covered with Teflon film at each end and capped. If additional samples are needed for 

e11 



Figus  4-1 
Pensacola Operable Unit 10 

Decision Tree for Soil Boring Locations 
\ 

Initial Grid 
100-foot Interval 

\ \ 

IS there Contamination 
Above Background? 

If yes, Decrease Grid 
Spacing to 10-Foot 

\ \ 

I 
I f  not, determine 
if  location i s  random 
or  biased 

Is there contamination 
above background? 

Select two background 
locations for soil 

I f  location is near 
source area, mark 1 borings [ location for boring 

I I 
If yes Decrease Grid 
Spacing until I contamination assessed 

Mark Location for 
Soil Boring 

/I If not, mark location 
for soil boring 
Y 

i 

:~ 

k 

4-12 



Final Sampling and Analysis Plan 
NAS - Pensacola Operable Unit 10 

Revision No. I 
October 12, 1992 

0 
quality control samples (e.g., duplicates, matrix spike samples, matrix spike duplicates) the 

other two liners will be covered and capped. The soii samples will be labeled and preserved 

to 4" C. The specific sampling procedures are provided in Appendix G. 

During drilling of the proposed deep monitoring wells, two 2-foot long Shelby tube samples 

of the low permeability zone will be attempted. The Shelby tubes will be collected in 

accordance with the procedures in Appendix H. The samples will be submitted for analysis 

of permeability and grain size. 

4.5.4 Groundwater Sampling 
Drilling Methods 

The soil brings to be advanced for monitoring well installation will be advanced using hollow 

stem auger drilling methods with a PVC plug in accordance with the procedures outlined in 

Appendix E.2.1 of the EPA SOP/QAM manual. The plug is necessary to keep the augers clear. , 

while drilling in saturated soils. 

Monitoring WeU Construction 
Seventeen monitoring wells will be installed at the Group 0 sites as part of this investigation. 

The proposed locations of the monitoring wells are shown in Figures 4-2 and 4-3. Six of the 

monitoring wells will be shallow, approximately 20 feet depth. Ten of the monitoring wells will 

be completed at an intermediate depth of approximately 40 feet, and one deep monitoring well 
will be completed to approximately 65 feet. The intermediate and deep monitoring wells will 

be nested with shallow monitoring wells for calculation of vertical hydraulic gradient. All of 

the monitoring wells will be constructed in accordance with the procedures outlined in Appendix 

4-13 
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E.4.1 and E.4.2 of the SOP/QAM guidance manual with the following modifications. A typical 

monitoring well construction diagram is provided in Figure 4-4. In accordance with the 

approved work plan for Operable Unit 10, all of the monitoring wells will be constructed 

of 2-inch inside diameter PVC materials. The PVC well construction materials shall be 

NSF Standard 14 in addition to ASTM Schedule 40. The PVC materials shall not be 

solvent rinsed or cleaned with hot water. The intermediate and deep monitoring wells will 

be installed into the impermeable zone of the surfkial aquifer using a surface casing. The 

surface casing will be grouted in place and allowed to set for 24 hours before the monitoring 

well drilling continues. The intermediate and deep PVC monitoring wells will be grouted 

with bentonite grout. After monitoring well installation, a point will be selected on the top of 

the inner casing and marked. This point will be the reference mark for elevation masutement. I 

To reduce the risk of cross-contamination, the outer protective casings of the monitoring wells 

will not be painted. Detailed monitoring well construction procedures are provided in 

Appendix I. 

Monitoring Well Development 

Monitoring wells will be developed using a combination of surging and pumping in accordance 

with Appendix E.7 of the SOP/QAM manual. The monitoring wells will be developed until the 

groundwater withdrawn is below 0.5 milliliters per liter (ml/l) of settleable solids in 15 minutes 

using an Imhoff Cone or as free of turbidity as possible given the subsurface conditions. The 

groundwater withdrawn will also be monitored for specific conductance, pH, and temperature 

to stabilize to within f 5 % ,  f 0.5, and f 1" C respectively or to within the equipment 

manufacturer's specifications. All equipment will be calibrated according to the manufacturer's 

specifications before use onsite. Monitoring well development procedures are described in 

Appendix J. 
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TYPICAL ILLUSTRATION OF MINIMUM S P E C I F I C A T I O N S  
FOR SHALLOW MONITORING WELL CONSTRUCTION 

6' OR GREATER - 7 
LOCKING DEVICE ,/ STEEL PRUTECTIVE 

CASING SHOULD STICK 
UP 2'+ 6' ABOVE GROUND 

WEEP HDLE W 4 ' )  
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2' SCHEDULE 40 PVC 
CASTING (NSF STANDARD 14: 

LOWER LIMIT OF/ 
FROST ZONE 
(MINIMUM DEPTH BELOW 
GROUND SURFACE 2') 

PORTLAND CEMENT OR 

k;+v/ -THREADED COUPLINGS 
(NU GLUED FITTINGS) 

BENTONITE SEAL 

THREADED COUPLING 

- > 10' SCREEN OF THE SAME 
MATERIAL AND I.D. AS 

THE MAIN CASING 

CENTRALIZERS 

PORTLAND/BENTONITE(S%> 
GROUT 

MINIMUM GROUTED INTERVAL 
20') BUT REGARDLESS OF 
WELL DEPTH MUST EXTEND 
FROM SURFACE TO TOP OF -- CAP ON BOTTOM 
a F  SCREEN 

s-> 1/4' BENTONITE PELLETS - 
(OR LESS) . 

- WELL GRADED SILICA SAND 
SELECTED FOR GOOD 
YIELD AND LOW 
TURBIDITY I N  THE 
SCREENED FORMATION 

DO NOT OVERDRILL BY 

MORE THAN 5' 

SAMPLING AND ANALYSIS 
NAS-PENSACULA 
PENSACOLAFLDRIDA 
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Monitoring Well Sampling 
Following the installation of the new monitoring wells, the monitoring wells will be purged of 

static water and groundwater samples will be collected from the newly installed monitoring wells 
and the existing monitoring wells GM-70, GM-71, GM-72, GM-76, GM-77, and GM-78, and 

the existing recovery well RW-3. Groundwater samples will be collected in accordance with 

Section 4.9 of the SOP/QAM guidance manual with the following additions and modifications. 

Purging Static Water - Prior to purging, the depth to water and the total well depth will be 
measured with an owwater interface probe. The interface probe will be used to check for 

floating or sinking immiscible hydrocarbons. The interface probe will be decontaminated prior 

to use onsite and between monitoring wells. The static volume will be calculated using the. 

formula presented in Section 4.9.7.2 of the SOP/QAM guidance manual. Well headspace will 

be monitored by PID or FID and recorded in field logbook. The monitoring wells will be 

purged using a pump or Teflon bailer. At least three well volumes will be removed before 
sample collection. Purging will continue until three readings of specific conductance, 

temperature, and pH stabilize to within f 5 % ,  f 1"C, and f 0.5 standard units respectively. 

Information concerning well purging will be recorded in the field logbook and on the 

groundwater sampling log. An example of the groundwater sampling log is provided in 

Appendix D, and specific procedures for purging are provided in Appendix K. 

Sample Collection - Groundwater samples will be collected in accordance with the procedures 

in Section 4.9 of the SOPIQAM manual with the following modifications. Groundwater samples 

will be collected as soon as recharge of the monitoring well allows. Samples will be collected 

using Teflon bailers to reduce the loss of volatile constituents. Temperature, pH, and specific 

conductance will be measured and recorded for each sample collected. Samples will be 
chemically preserved as specified in Appendix C. Sample collected for metals analysis will not 
be filtered. After chemical preservation and labeling, the samples will be preserved to 4" C. 
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Weather conditions at the time of sample collection will be noted in the field logbook. Specific 

pmedures for groundwater sample collection are provided in Appendix L. 

4.5.5 Air Contaminant Quantification Survey 
The p r e m  air survey will determine the need for an air contaminant survey. A 

contaminant quantifkation survey, if necessary after the preliminary air survey, will be 

performed with stainless steel Summa canisters for whole air sample collection. Samples will 

be collected in the breathing zone unless conditions warrant special placement of the canisters. 

operation of the canisters will be in accordance with the procedures provided in Section 4.13.2 

of the SOP/QAM guidance manual and in accordance with the procedures provided in the EPA 

document Compendium Method To-14: The Determination of Volutile Organic Compounds 

(VOCS) in Ambient Air Using Summa Passivated Canister Sampling and Gar Chronratographic 

Analysis. The document is provided in Appendix M. The sampling system will be calibrated 

before and after the sampling period according to manufacturer’s specifications. + 

Prior to sample collection, the vacuum of the canisters will be checked and recorded in the field 

logbook. The vacuum should equal the vacuum recorded in the laboratory prior to Canister 

shipment. If the canister is to be evacuated onsite, the pressure should be C 0.05 mm of 

mercury. A determination must be made regarding the required sample volume. Passive 

canisters which contain approximately 6 gallons of sample allow filling to approximately two- 

thirds their volume. If m t e r  volume is needed, a pressurized sample collection system is 

needed. 

In addition, a determination must also be made of the flow rate of the canister before sample 

collection. Canisters should not be filled to less than 88.1 kPa or greater than 202 kPa (for 

pressurized), over the sample period. 
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The laboratory supplying the canisters will provide documentation of canister cleaning and that 

the canisters are in proper working order. If the samples collected are believed to be 

contaminated, the canisters will be marked. This will also be noted on the chain-of-custody to 

allow the laboratory to determine the proper decontamination procedures. 

The following information will be documented in the field logbook for each of the samples 

collected: 

e Project Location 

e Date 

e Sample # and Location 

e Temperature 

e Barometric Pressure 
Relative Humidity 

e 

e 

Time at beginning and end of sample collection (using a 24-hour clock) 

Total lapsed time of sample collection 

Other meteorological conditions such as wind direction and speed, rainfall amounts, cloud cover, 

etc., will be recorded in the field logbook. 

4.5.6 Hydrologic Assessment 

The objective of the hydrologic assessment is to better delineate the subsurface materials 

underlying the Group 0 sites. The hydrologic assessment of the Group 0 sites will include a 

elevation survey of the newly installed monitoring wells; water level measurements in all of the 
onsite monitoring wells, and/or adjacent surface water bodies; pumping tests of one existing 

recovery well (RW-5) and a proposed intermediate monitoring well (16); and slugs tests on the 

newly installed monitoring wells. 
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All newly installed monitoring wells will be surveyed durhg the engineering survey. The wells 

will be referenced to a USGS benchmark. In addition, staf f  gauges will be placed in the 

surrounding surface water bodies and surveyed relative to the same benchmark. 

Static water levels will be measured at all monitoring wells located on the Group 0 site 

complex. Static water level measurements will be collected during four events. One set of 

water levels will be collected during the sampling of the newly installed monitoring wells, 

another set of water levels will be collected two to four weeks after the sampling, and the third 
and fourth sets will be collected during high and low tide. The third and fourth sets will be 

collecte!d on the same day to determine tidal influences on groundwater elevations. ‘The wat& 

levels will be used to determine the groundwater elevations for determination of groundwater 

flow direction and calculation of the hydraulic gradient. 

Multi-well pump tests will be conducted on one existing recovery well (RW-5) and one proposed 
e 

intermediate monitodg well (well location no. 16). The pump test will involved withdrawing 

groundwater at a constant, known rate from the designated well until the water level stabilizes. 

Water levels will be simultaneously measured in designated adjacent monitoring wells completed 

in the same zone. In addition, water levels in adjacent monitoring wells completed to different 

depth zones will also be measured. The tests will be conducted for at least 8 hours, or until 

observable drawdown has occurred in adjacent wells. The recovery of the water levels in the 

production and monitoring wells will be monitored after the pump is turned off, until the water 
level reaches the initial water level. Drawdown and recovery data from each pump test will be 

plotted to produce time versus dmwdown graphs. The graphs will be used to calculate hydraulic 

conductivity, transmissivity, and groundwater flow velocity for each zone. Possible methods 

to be used for determining these parameters are presented in Theis (1935), Lohman (1972) and 

Bouwer and Rice (1976). 
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For all of the newly installed monitoring wells, slug tests will be conducted. Falling head and 

rising head slug tests will be conducted in accordance with the procedures provided in Appendix 

N. Aquifer parameters to be obtained from the tests include hydraulic conductivity (K), 

transmissivity (T) and groundwater flow velocity (V). Hydraulic conductivity will be determined 

using equations provided in Bouwer and Rice (1976) or Cooper e? al. (1967). Groundwater 

velocity will be calculated using a derivation of Darcy's Law: 

K = hydraulic conductivity (Wday) 

i = hydraulic gradient (Wfi) 

n, = effectiveporosity 

4.5.7 Engineering Survey 
When monitoring well installation is complete, a comprehensive cadastral survey will be 

conducted. All sampling locations will be accurately located horizontally and vertically. The 

vertical elevations will be surveyed to an accuracy of fO.O1 foot. The elevations will be 

referenced to a spot elevation benchmark located in the northern portion of the site complex, or 

to a USGS benchmark location on Chevalier Field which is located south of the Group 0 sites. 
The horizontal locations will be supplied in latitude and longitude, in accordance with NAD 83. 

In addition, all utilities, above ground structures, surface improvements (e+, pavement) will 

be located. 
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4.6 Decontamination 

Decontamination procedures will be performed in accordance with Appendix B, Section B-8 of 

the SOP/QAM manual with the following exceptions. The detergent for use on this project will 

be Liquinox which contains powerful chelating agents to bind and remove trace metals from 

sampling equipment. When available, hot water will be used for field decontamination. PVC 
well construction materials will not be solvent rinsed or washed with hot water. Field reagent 

grade water will meet the specifications of ASTM type III water (D 1193-77 reapproved 1983, 

Federal test method number: 7916), which provides deionized, filtered, and organic free water 

for field use. A summary of procedures for decontamination are provided in Appendix 0. 

4.7 Sample Management 1 i r  < -  .. P 

4.7.1 Containers, Preservatives, Holding Times 
0 The volumes, types of containers and preservatives required for the sampling activities are listed 

in Appendix C. Sample containers and preservatives will be selected in accordance with 

Appendix A of the SOP/QAM manual. All of the glass containers will have Teflon-lined caps. 

Soil samples will be collected using stainless steel sampling sleeves. 

The sample containers will be obtained from an approved laboratory. The laboratory will 

prep= and ship the appropriate number of trip blank samples with the sample containers. 

Stainless steel sampling sleeves to be used for soil sample collection shall be obtained from the 

manufacturer and decontaminated in the field before use. 

4.7.2 Packaging for Shipment 

All samples will be packaged for shipment to avoid breakage and prevent cross contamination. 

General procedures for packaging are provided below. 
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Packaging Procedures: 
e All sample lids will stay with the original containers. 

e To determine if any leakage has occurred during shipment, the laboratory will assume 

that all bottles were filled completely. If the sample volume is lower than the shoulder 

of the container,-the top of the volume will be marked with a permanent marker or 

grease pencil. 

e Ice in sealable plastic bags will be used to cool samples to 4" C. 

e Samples will be placed in the shipping containers so that the bottles do not touch each 

other. 

e Any remaining space will be filled with inert packing material. Vermiculite or ceflulose . ,  
insulation are generally used. 

e A chain-of-custody record will be placed in a plastic bag and sealed inside each shipping 

container detailing its contents. 

e The container shall be sealed with tape and custody seals in such a manner that the 

container cannot be opened without breaking the seal. The drain on the cooler will be 
taped shut both inside and outside to prevent leakage. 

e The words "This End Up" or "This Side Up" will be clearly printed on the top of the 

outer container. Upward pointing arrows should be placed on the sides of the package. 
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4.7.3 Labeling 
Samples will be identified in accordance with Section 3.0 of the SOP/QAM manual with the 

modifications listed below. A standard sample label is presented in Appendix D. The label will 

be attached to the sample container. The following information shall appear on the sample label: 

AJoint Venluo for R o f e d o d  !%vicas 
EnSafe/Allen & Hoshall 

Sample Number: 
Preservative: 

Analysis: 
Date: 
Time: 

Sampler: 

..., . :  '...i. f ". '..",:, 

Any errors made on the sample label will be corrected by placing a single line through the error. 

The error will then be initialed by the sample collector and the correct information will be 

entered on the sample label. AU of the information except for the date, time, and sample 

collector's initial will be preprinted on the labels. The remaining information will be placed on 

the label in non-erasable, waterproof, black ink. 

Sampling Identification Number 
The sample identification number will be assigned using the system provided in Figure 4-5 and 
shall not exceed eight digits. The site ID number will be numeric and will be the fmt two 
digits of the sample identification number. Because of the close proximity of sites 32, 33 and 

35, the site ID shall be "33". e 



SITE ID 
(2 digits) 

MATRIX 
ID (1 digit) 

MATRIX 
SERIAL 
ID (2 digits) 

r 

L 
EXAMPLES: 

Figure 4-5 
NAS Pensacola Operable Unit 10 

SAMPLE NUMBERING SYSTEM FOR COMMON MATRICES 

Monitoring Well: Lrl 
I 

Station #: '06' 

' 
SWMU: 'Ul', Landfill: 'Ll', 
Fire Training Unit: 'Fl', 
Spill Site: 'Sl', or 
site specif. by work plan: 'Xl '  

I I 

Air: "A" 

I 

Station #: '03' 

I QAS a Serial 
#: Eg.: 'FO1' I 

Sediment: 'M', or 
Flowing Water: 'W' 

1 

I Station #: '22' I 

Quality Assesment I 6' Depth.: '006' I Eg.: UlS22006 

Y 
I 

Equipmrnl Field Dup Co-locOlQd Uatrlx Ualrlx Spika 
Rinrr 'EOl' *~03. T02' Spike W07' Jup 'SO2' 

L1 S22F01 F 1 M22E01 XlW22M07 *'' 

I I Air Sample Type -- 
voc: Gas: Toxlcs: Partlculale: 

'PI 0' 'VOS' 'X13' 

F 1 A03X 13 S1 A03V05 

Bottom of depth interval rounded to nearest foot 
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The sample matrix will be represented by the third digit. Some common sample matrices are 
given below: 

G - groundwater 

S - soil (includes surface soil sample and soil borings) 

M - sediment (defined as fluid borne solid that has settled) 

W - surface water 

A-air 

Other codes may be utilized when the above codes are not applicable. However, the sample 

matrix will be limited to one digit to allow for other information. The matrix serial ID will be 

the next two digits and will be the sample collection ID number. For example, i fa soil sample 

were collected at boring B-12 at Site 33 the identification would be "331312." 

The next three digits of the sample identification number will be a sample specific identitication e 
number. The deepest sample depth rounded to the nearest foot will be used for sample 

identification. For example, if a soil sample is collected from 18 to 20-feet depth at soil boring 

B-4 at Site 33, the sample number would be "33S04020." 

The three digits will also be used to designate quality assurance samples. The fmt digit will 

designate the type of quality assurance sample. Common designations are presented below: 

F - field blank 

T-tritripblank 
E - equipment rinsate samples 

D - duplicate samples 

C - CQ-located samples 

M - matrix spike samples 

S - matrix spike duplicate samples 

The last two digits will be used as serial numbers to differentiate between quality assurance 

samples. For example if two field blank samples were collected while collecting soil samples 
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at boring 22 at Site 32, they would be designated "33S22F01" and "33S22F02." AU of the 

sample identification number shall also be placed on the chain-of-custody form as outlined in 

Section 4.8 of this SAP and in the field logbook. 

4.8 Sample Custody 

Custody of samples shall be performed in accordance with Section 3.3 of the SOP/QAM manual 

with the following modifications: 

4.8.1 Field Custody 

When samples am collected, they will be labeled and sealed with a custody seal. ,Ap example 

of the custody seal is provided in Appendix D. The seal shall be affiied so that samples cannot 

be opened without breaking the seal. The seal shall be signed and dated by the sample collector. 

4.8.2 Chain-of-Custody Record 
e 

The field chain-of-custody form shall be used to record the custody of the samples. An example 

of the chain-of-custody to be used is provided in Appendix D. 

The following infomation shall be provided in the appropriate spaces on the chain-of-custody 

form: 
a 

0 Address of WA&H 

a Project NamdNumber (PensacoWCTO Number) 

a Project Manager's Name 
a Signature of Sampler(s) 
a 

Client which will be completed as E/A&H 

The field sample number; date and time of collection (24-hour clock); type of sample; 

type and size of sample containers; preservation temperature and chemical; number of 

sample containers, and the type of laboratory analysis required. 
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e Any comments regarding the samples such as strong odor will be completed in the 

remarks section. 

When sample custody is transferred, the transfer must be documented on the appropriate 

Section of the chain-of-custody form. The person relinquishing custody shall print his 

or her name, company name, the reason for the custody transfer (e.g., shipment to the 

laboratory), date and time and sign the chain-of-custody record. The laboratory person 

receiving the samples shall also print his or her name, company name, date and time and 

sign the appropriate section of the chain-of-custody record. 
The method of shipment and the air-bill number of the shipment will be noted on the 

e 

e 

chain-of-custody form. 
e During shipment, the chain-of-custody form shall be sealed in a plastic bag and secured 

inside the shipping container. 

Any special instructions (Le. priority turnaround) or comments will be noted in the 

comments section of the chain-of-custody. 

Sample disposal or storage instructions after the completion of the laboratory analysis 

will be noted in the appropriate section of the chain-of-custody record. 

e 

b ' 

4.8.3 Transfer of Custody 

Transfer of custody and shipment of samples will be performed in accordance .with Section 3.3.5 
of the SOP/QAM manual. Shipping containers will be secured with tape and a custody seal shall 

be placed on the outside of the container to prevent opening without breaking the seal. Samples 
will be shipped overnight to the selected laboratory. The &-bill number will be noted in the 

appqriate section on the chain-of-custody record and in the field notebook. The chain-of- 

custody form shall be sealed in a plastic bag and placed inside the shipping container prior to 
closure. 

Field personnel will make arrangements for transportation of samples to the analytical 

laboratory. When custody is relinquished to a shipper, field personnel shall telephone the 0 
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analytical laboratory regarding the expected arrival time of the shipment and any time constraints 

on sample analysis. The laboratory should be notified as early in the week as possible, and in 

no case later than 15:OO (Eastern time) on Thursday, regarding samples intended for Saturday 

delivery. 

4.8.4 Laboratory Custody Procedures 
A sample custodian accepts custody of the shipped samples from the d e r  and enters 

preliminary information abut  the package into a receipt log, including the initials of the person 

delivering the package and the status of the custody seals on the coolers (Le., broken or 

unbroken). The laboratory sample custodian is responsible for sample log-in and will open the 

shipping coolers, check the contents, and verify that the infomation on the chain-of-custody 

agrees with samples received. Pertinent information such as shipment, pickup, and courier must 

be entered into the "Remarks" section of the chain-of-custody record. The custodian will also 

document the temperature of the cooler (by checking the temperature blank) and the general 

condition of the sample containers. 

At. L ; 

Sample preservation shall be verifkd by the analyst before extraction, digestion or analysis and 

the pH recorded. If samples are found improperly preserved, the Laboratory QA coordinator 

will document the improper preservation along with the sample identification and other pertinent 

information. All other QNQC discrepancies are followed in a similar manner and must be 

documented as an out-of-control event with the corrective action taken. 

4.9 Investigation Derived Wastes 

All investigation-derived waste (IDW) solids and liquids are to be handed in a manner consistent 

with all applicable local, state, and federal waste disposal guidelines. The disposal method will 

be selected by the Navy based on the classifcation of the waste as RCRA hazardous or RCRA 

non-hazardous. IDW will then be disposed in accordance with the applicable guidelines for that 

waste category. 
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The following guidelines will be utilized for IDW disposal: 

soils 
Soils will be considered unclassified wastes until receipt of the analytical data. 

Investigation derived soils will be drummed, labeled and transported to a waste storage 

facility by the Navy. Each label will include the site number, the date of collection, and 

the waste category. Upon receipt of the analytical results, the soils will be properly 

disposed. Only DOT-approved lid type drums will be used. 

Water 

All investigation derived water (e.g., decontamination, sample purging) will be drummed 

and labeled. The drums will be transported by Navy personnel to the rwTp for disposal. 

Only DOT-approved bung type drums will be used. 

d ,f 

Isopropyl Alcohol 

AU investigation derived isopropyl alcohol shall be drummed separately and labeled. 

The drums will be transported by Navy personnel to a waste storage facility. The 

waste will be properly disposed. Only DOT-approved bung type drums will be used. 

Personal Protective Equipment (PPE) 
All decontaminated PPE and disposable equipment will be placed in 55-gallon drums for 

disposal by the Navy. 

Documentation 

A drum tracking log will be kept for the convenience of the Navy separate from field 

logbooks. This log will detail number of drums, site number, water type, and date 

fded. 
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4.10 Quality Assurance/Quality Control 

All surface water, sediment, soil and groundwater samples will be collected in accordance with 

NEESA Level D (EPA Level IV) protocol. Field QNQC samples wiU be collected in 

accordance with the Section 4.6 of the SOP/QAM manual and with the NEESA Sampling und 

Chemical Analysis Quality Assurance Requirements for the Navy Installation Restoration 

Program, June 1988 with the following modifications. A discussion of blanks is provided in 

Section 6 of this SAP. A summary of the number of blanks and duplicate samples to be 

collected was previously provided in Table 4-1. A preservative blank will not be collected. The 

laboratory will provide the appropriate preservatives with instructions for preservation. Because 

field blanks are preserved with the Same acid as a preservative blank, and the preservativerblank. 

is diluted with the sample reagent grade water as a field blank, no new information would be 

gained by collecting both a preservative and field blank. Distinction between contamination in 

the acid preservative or reagent grade water is impossible. The only way to test for preservative 

contamination under these circumstances would be to ship pure acid to the laboratory undiluted 

and to ship pure field reagent grade water to the labomtory unpreserved; neither of which solves 

the distinction problem. The laboratory will analyze each lot of acid used in the field for 

preservation. 

A solid media field blank for VOC analysis will not be collected. A water temperature blank 

will be included in each cooler, and the reagent grade water will be sampled in the field once 

per week. Equiprnenthaterials blanks (Le., fdter sand, drilling mud, grout, bentonite, 

potable water) will be collected from all of the materials used in well construction. The 

samples will be archived until needed to verify the material quality. 
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5.0 ANALYSIS 

5.1 Field Measurements 
QA objectives for parameters to be measured in the field by WA&H personnel are presented in 
Table 5-1. Field measurements will include pH, temperature, specific conductance, salinity, 
groundwater level, well head survey, and organic vapor detection. 

Table 5-1 
Fidd Measurements QA Targets 

Notes: 

- Methods for Chemical Analysis of Water and Wastes, EPA-600/4/79-020, Revised March 

- Manufacturer's SOP for static water level measurement. 
- Manufacturer's SOP for operation of Photovac Micro TIP. 
- Standard Land Surveying Methods as employed by a State of Florida Registered Land 

- Manufacturer's SOP for salinity measurement. 

1903. 
b 

5 

d 

Surveyor in accordance with NAD 83. 
* 
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5.1.1 Equipment CalibratiodStandardization 

Instrumentation used to collect field measurements will be calibrated each day of operation 

according to manufacturer’s specifications prior to use onsite. Instrumentation may also be 

checked for calibration during the day as it is deemed necessary by field personnel. The source 

of the field standads, date of standard receipt, lot number, and expiration date will be entered 

in the field logbook. The traceability of each standard to National Institute of Standards and 

Technology will be based upon this information and product-specific information provided by 

the standard manufacturer/supplier. Calibration/standardization procedures for instruments with 

specific applications are presented in Appendix P. 

; . e  
5.1.2 QA Targets for Precision & Accuracy 

Precision and accuracy targets for pH, temperature, and specific conductivity measurements are 
those specifred in Section 6 of the SOP/QAM. QA targets for other measurements are based 

on manufacturer’s information pertaining to the precision and accuracy of the associated 

instruments. 

5.2 Laboratory Analysis 

5.2.1 Parameters and Methods of Analysis 

The parameters of laboratory analysis are listed on Table 4-1. Analytical methods, extraction 

methods, sample containers, sample preservatives, and holding times are presented in 

Appendix C. Samples will be analyzed using the full CLP TCL/TAL analyses. Analysis 
will be performed in accordance with the applicable CLP SOW. The SOW for this 

investigation is CLP Organic and Inorganic Analysis, Statement of Work, March 1990. 
Additional references for parameters not included in the CLP analysis are provided in: 

Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater, 

40 CFR Appendix A to Part 136, July 1987; 

Test Methods for Evaluation Solid Waste (PhysicaUChemical Methods), SW-846, 
Third Edition, September 1986; and 

5-2 



Final Sampling and Analysis Plan 
NAS - Pensacola Operable Unit 10 

Revision No. 1 
October 12, 1992 

Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Revised 
March 1983. 

Samples will be analyzed for the selected parameters following the criteria established in Section 

4 of this SAP. 

5.2.2 QA Targets for Precision and Accuracy 

Project QA objectives for analytical parameters for soil and groundwater will be stipulated in 
the respective analytical methods, and as determined by the analytical labomtory’s historical data 
quality evaluation for these methods. The NEESA laboratory approval process will ensure that 

laboratory method QNQC standards are appropriate to meet goals for intended data uses; 

Anticipated gemend QA goals for these methods are presented in Tables 5-2 and 5-3. The 

contract labomtory for this activity is CompuChem Laboratory of Research Triangle Park, North 
Carolina. The laboratory’s -A-approved QAP will be retained for reference in the WA&H 

library and onsite. 

‘ I t 1  
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Aluminum 

Antimony 

Arsenic 

Barium 

Table 6-2 
Metab AM~SOS Data QA Objoctivu Matrix SpkeslDupliaote A M ~ S O S  

f 20 f CRDL' 75-125 

f 20 f CRDL 75-125 

f 20 f CRDL 75-125 

f 20 f CRDL 75- 125 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Tin 

f 20 f CRDL 75-125 

f 20 f CRDL 76-125 

f 20 f CRDL 75- 125 

f 20 f CRDL 75-125 

f 20 f CRDL 75-1 25 

f 20 f CROL 76-126 

Vanadium f 20 f CRDL 76- 125 

Zinc f 20 f CRDL 76-126 

Cyanide I f 20 I f CRDL I 75-126 
Y b  

- Notes: W Q C  Requirements excerpted from CLP SOW ILMO 1 .O 

- 
- 

MediumlHigh Samples = compound or metal present at 6 times (or more) the contract required 
detection limit (CRDU' 
Low Samples - compound or metal present at less than 5 timer the CRDL 
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von Ma* Spikom 

1,l -Dichloroethene 1 22 I 59-172 I 14 61-145 
I 

I 
I I I I 

I ll [ Trichloroethene 24  62-1 37 14 71-120 I 
I Chlorobenzene 21 60-1 33 13 75-130 

Toluene 21 59-1 39  13 76-125 

Toluene-d, 

4-Bromofluorobenzene 

1,2-Dichloroethano-d, 

- 86-1 19 - 50- 1 6 0  

- 50- 1 60  - " *  ,I , 85-121 

- 50-1 60  - 77- 120 

BNA MaWix Spyul. 

BN 1.2.4-Trichlorobenzene I 23 I 38-107 I 28 I 39-98 

- 20-1 40 - 33-128 

Phenol+ - 20-1 40 - 15-103 

2-Fluorop henol - 20-140 - 23-121 
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Mm& Spikes 

Lindane 50 46- 1 27 15 56-1 23 

Heptachlor 31 35-130 20 40-131 

Aldrin 43 34-132 22 40-1 20 
~ 

Dieldrin 

Endrin 

4,4'-DDT 

38 31-134 18 52-1 26 

45 42-1 39 21 56-121 

50 23-1 34 27 38-1 27 

I I - Dibutylchlorendate - 48-1 36' 20- 1 50' 

181601 

- Notes: QAlQC Requirements for CLP analyses excerpted from CLP SOW 3/90 (OLMO1 .O-OLMOl.7); Other QAlQC 
requirements were derived from the analytical method references (USEPA, SW-846). 

7- i .: , :: ," , ' 
Matrix Spike6 

VOA = Volatile Organics 
BN - - BarelNeutral Ex-tractable 
A = Acid Extractable 

- - Advimory Limits - I Not Applicable 

II 
I 

Hwbiddw (8160) 

I 

Silvex 40 40-1 50 30 40-1 30 

8urog.t. Spikom 

Dicamba I - I 50-140 I - I 50- 130 
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6.0 QUALlTY ASSURANCE PLAN 

6.1 introduction 
This section of the report presents policies, project organization, objectives and functional 

activities, along with QNQC measures intended to achieve the quality assurance goals of the 

facility investigation to be performed by WA&H at NAS Pensamla, Florida. 

This document is intended to fu l f i  requirements for ensuring that all work be conducted in 

accordance with quality assurandquality control protocols and field procedural protocols for 
environmental monitoring and measurement data as established in the following documents. 

e Environmental Protection Agency, Athens, Georgia, February 1991. Standard 

'I? . 5 I .. . Opem'on Procedures and Quality Assurance Manual. 
* I <  1 * " . 

e Naval Energy and Environmental Support Activity, Port Hueneme, California, 

1988 (NEESA 20.2-047B). 

Requirements for the Navy Installan'on Restoran'on Program. 

June 

Sampling and Chemical Analysis Quality Assurance 

e Naval Energy and Environmental Support Activity, Port Hueneme, California, February 

1985 (NEESA 20.2-031A) Groundwater Monitoring Guide. 

e Southern Division Engineering Command, Revision 4, March 1989. SOUTHDIV 

Guidelines for GrounmvWer Monitoring Well Installan'on. 

Before field investigations begin, a site meeting will be conducted at the facility. Those people 

to attend the meeting are to include the task order manager, all field personnel, a representative 

of the site management and any subcontractors who will be working on the site. The 

SOUTHDIV EIC and representatives from the State of Florida and EPA Region IV will ais0 be 

@ invited to attend. The purpose of this meeting will be to familiarize personnel and 
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subcontractors with the site, discuss the logistics with management, and discuss health and safety 

procedures. When authorization is given from the SOUTHDIV EIC, implementation of the 

investigation will begin by E/A&H. 

6.2 Quality Control/Quality Assurance Objectives 

In p e d ,  quality assurance objectives of E/A&H projects conducted as part of the Navy 

technical sewices contract are to assess and document the precision, accuracy, 

representativeness, completeness, and comparability of all sampling and analysis performed. 

Quality criteria are outhed here to assure suitability for intended use of data obtained during 

projects, and to meet goals established by NEESA and in the USEPA document, Daza Quality 
Objectives for Remedal Response Activities Devehpment Process, March 1987, Office of Solid 

Waste and Emergency Response (OSWER) Directive 9355.0-7B. NEESA DQO Level B 
protocol (EPA Level II) will be utilized for the physical surveys. Soil, surface water, sediment, 

groundwater and contaminant quantification investigations will be conducted at NEESA DQO 

Level D protocol (EPA LEVEL rv). The following discussion presents the project specific level 

of effort for quality assurance and data quality criteria. Quality control sample collection will 

follow the frequency presented in Table 6-1. 

Precision 
Fkzision is a measure or estimate of the repraducibility of measurements and methods and is 

defined for qualitative data as the variability of a p u p  of values compared with their average 
value. For purposes of assessing precision of the measurement systems (sample collection and 

analysis) to be used in this project, duplicates will be obtained and analyzed with the samples 

collected. Precision, which will be used as a criterion for data classification, is calculated as 
a relative percent difTeIence in analytical outcome between a given sample and comsponding 

duplicate. 
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Table 6-1 
Qusli Control Sample Collection Frequenaes 

I 

Quality Control Sample Frequency of Collection I 
Trip Blank bolatiles only) 

Rinsate Blank 

One per sample shipping cooler 

One per day per media (to be analyzed every 
other day unless contaminants are identified); 
One per 20 soil gas samples collected 

One per groundwater sampling event per day 

One per 10 water and soil samples collected; One 
per 20 soil gas samples collected 

Field Blank 

Duplicates 

Matrix Spike/Matrix Spike Duplicate Samples One per 20 water and soil samples collected; 
matrix is to  be the same sample used for 
duplicate analysis 

Equipment/Material Blanks One sample each of filter pack sand, drilling mud, 
grout, bentonite pellets or powder and ,potable 
water. used in well construction . -A - i . .  - . .  

11 Reament Grade Water (ASTM TvDe 111) I One Der week 

The type of duplicates used will depend on the part of the measurement system to be evaluated 

for precision. Field-duplicated samples analyzed by the same laboratory will yield information 

about sampling method precision and matrix homogeneity. Laboratoryduplicated samples give 

an indication of sample preparation and analytical method precision. 

A field duplicate is a sample collected in the field from the exact location as another sample and 

sent to the laboratory for analysis with another sample. A laboratory duplicate is prepared in 

the laboratory and consists of a split from a sample sent from the field to the laboratory. 

ACCUraCy 

The accuracy of an entire measurement system, which is an indication of any bias that exists, 

is difficult to measure in environmental measurement systems. Sources of error are the sampling 
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process, field and laboratory contamination, preservation, handling, sample matrix, and analysis. 

The accuracy of a method is an estimate of the difference between the true value and the 

determined mean value. In the field, methods used for detecting false positive results include 

the preparation of trip blanks, field blanks, and equipment rinsate blanks. In the laboratory, 

matrix and sumgate spike samples are used to detect positive and negative bias. 

A field blank consists of sample containers fded in the field with organic-free, deionized or 

distilled water prepared, preserved and stored in the same manner as the samples. The field 

blank is analyzed along with the field samples for the constituents of interest to check for 

contamination imparted to the samples by the sample containers or other exogenous sources. 
- 

Trip blanks will be used for volatile constituent measurements. A trip blank consists of a 
volatile organic analysis sample container fded with organic-free water in the labomthxy &at* -- 

0 travels unopened with the sample bottles to the field. The blank is then shipped back to the 

laboratory with water samples collected in the field. It is opened in the laboratory and analyzed 

along with the field sample for the volatile constituents of interest. Trip blanks will be submitted 

to the laboratory with water samples that are submitted for volatile analysis at a frequency of 

one per shipping container. 

An equipment rinsate blank is made by taking organic-free deionized or distilled water and 

placing it in contact with the field sampling apparatus (e.g., M e r ,  pump, split barrel sampler) 
following the completion of equipment decontamination. The water will be collected in the same 

type of containers as the other samples, preserved in the same manner, and analyzed for the 

same parameters of interest. One equipment Msate blank will be collected each day, but will 

only be analyzed every other day. 

Matrix spike samples prepared by the laboratory are useful in assessing the accuracy of the 

analytical methods, and can detect matrix effects in which other sample components interfere 
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with the analysis of the contaminant of concern. The method of measuring analytical accuracy 

is percent recovery. 

Analytical matrix spikes will be performed by the laboratory, typically at a frequency of one per 

20 samples per matrix. Matrix spike recoveries for inorganic analyses are definitive; therefore, 

if matrix spike recoveries are outside of control limits, the data will be flagged as quantitatively 

suspect or estimated. Control limits for laboratory matrix spike recovery are published by EPA 
or determined by historical laboratory results. Surrogate spikes, typically prepared from 

deuterated isomers of selected target compounds, provide an added measure of method accuracy. 

General precision and accuracy g d s  for laboratory analytical procedures (NEESA Level 0) are 
as previously provided in Table 5-2. To provide the additional volume needed by the lab for 

matrix spike and matrix spike duplicate analysis, the first sample of each 20 samples taken will 

be doubled in volume. This will be done for both soil, water and sediment. , I .  

* c 

An equipment/materials blank shall be collected from the materials and liquids to be used 
in monitoring well construction. The samples shall be collected before drilling activities. 

The equipmentlmaterials blanks shall be archived until needed to verify quality of well 

construction materials. 

A reagent grade water blank will be collected from the ASTM type III water source. The 

samples shall be prepared, preserved, and stored in the same manner as the other samples. 

The reagent grade water blank shall be analyzed in the laboratory with the field samples 

for the constituents of interest to check for contamination imparted to the field samples 

from the water source. 

Representativeness 
The goal of this inspection is to delineate the extent of any soil and groundwater contamination, 
and to determine the most appqMte remedial option. By properly collecting soil and 
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groundwater samples and measuring monitoring well parameters in accordance with NEESA 

protocol, samples collected during the investigation should be representative of the ateas of 
concern. 

Completeness 

Completeness goals for this project are set at 100 percent for laboratory analysis. Data 

completeness will be expressed both as the percentage of total tests conducted that are deemed 

valid and as the percentage of the total tests required in the scope of work that are deemed valid. 

Completeness goals of field measurements reflect the ability to re-sample immediately, before 

declaring well stability, and obtaining samples for laboratory analysis. The completeness g d S  

take into considemtion unavoidable non-attainment of QA goals which may occur during the 

course of an investigation. Efforts will be made, however, to maintain soil and groundwater 

data completeness levels above the 90 percent level for field measurements ifpossible. 

a 

Comparability 

comparability is assured through the use of established methods of field sampling by 

experienced field personnel and laboratory analysis as specified by NEESA regulations, as well 

as other accepted methods. 

6.3 Experience Requirements 

Experienced field personnel shall perform all site activities at NAS Pensamla. Rbsurnh for 

WA&H personnel are included in Appendix Q. Subcontractor rbsumeS will be available onsite. 

6.4 Organization and Responsibilities 

Overall responsibility for projects conducted in accordance with NEESA regulations will be 
vested in NEESA (or its approved repmentatives). Therefore, project coordination 

responsibilities lie with the SOUTHDW EIC. The components of the project chain-ofcommand 
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will be performed as established in NEESA 20.2-047B. Project oversight will be organized 

along the following lines of authority. 

6.4.1 Navy Energy and Environmental Support Activity 

NEESA is responsible for ensuring that the quality of laboratory analyses performed during the 

various phases of CLEAN is acceptable. NEESA is also responsible for managing the NEESA 

contract representative (NCR). 

6.4.2 Engineer in Charge 6 .  

The EIC at the engineering field division provides the site information and history, provides 

logistical assistance, specifies the sites requiring investigation and reviews results and 

recommendations. Ms. Linda Martin, SOZTTHDIV, Naval Facilities Engineering Command, 

Charleston, South Carolina, serves as the ETC for this project. 

The EIC is responsible for coordinating procurement, finance, and report; for ensuring that all 
documents are reviewed by the NCR; for communication comments from the NCR and other 

technical review to the subcontractors; and for ensuring that the subcontractors address all the 

comments submitted and take appropriate corrective actions. 

6.4.3 NEESA Contract Representative 

The NCR is responsible for ensuring that each project has appropriate overall QA. The NCR 

reviews laboratory QA plans and work plans, submits performance sample data, provides field 

and laboratory audits, and reviews data from the site. The questions from subcontractors and 

the EIC regarding specific field and laboratory QC practices are directed to the NCR. The NCR 
also evaluates referee samples. 
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6.4.4 State or Local Oversight 
This Sampling and Analysis Plan will be submitted to the FDER and the EPA Region IV for 

review and approval. Field activities and meeting will be coordinated with these agencies as 
R%pired. 

6.4.5 Investigation Performance 
The following individuals or firms will be responsible for the implementation of all work 

activities. 

Engineering Subcontractor 
WA&H will serve as the engineering subcontractor for this project. 

subcontractor, WA&H is responsible for designing and implementing the RVFS activities. 

As the engineering 

Analytical Laboratory 1 # , I  

The analytical laboratory will be employed by WA&H and must adhere to the laboratory 

requirements in NEESA 20.2-047B. The laboratory is required to prepare and submit a 

laboratory QA plan, to analyze and submit the results of proficiency testing, to submit to an 

onsite inspection, and to correct any deficiencies cited during the inspection by the NCR. The 

labratones are required to identify a laboratory QA coordinator M A C )  responsible for overall 

quality assurance. The LQAC must not be responsible for schedule, costs, or personnel other 

than QA assistants. It is preferred that the LQAC report to the laboratory director. The LQAC 

must have the authority to stop work on projects if QC problems arise which affect the quality 

of the data produced. 

0 

In addition to conforming to all NEESA regulations, all work shall be performed in a manner 

consistent with: 
The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

(CERCLA) as amended. 
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e The National Oil and Hazardous Substances Pollution Contingency Plan (NCP), Title 40 

Code of Federal Regulations CFR), Part 300, as amended. 

Other appropriate feded, state, and local guidelines, rules, regulations, and criteria 

(where applicable). 
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7.0 DATA MANAGEMENT PLAN 
The objective of this section of the Sampling and Analysis Plan is to describe the methods 

E/- will use throughout the project to manage collected data. 

7.1 General Field Documentation Procedures 
The field project manager will be thoroughly familiar with the appropMte documentation 

procedures. This person will perform or directly oversee the completion of the documents which 

accompany this investigation. Documentation tasks will be performed on a sample-by-sample 

or item-by-item basis throughout the day. However, items such as shipping containen, sample 

container labels, and chain-of-custody forms will be prepared as completely as possible in 

advance. 

All documentation must be completed in wateqmof black ink. Corrections will be marked with 

a single line, date, and initialed. Serialized documents are not to be destroyed or discarded even 
if illegible or inaccurate. Voided entries must be maintained within project fdes. : 2 -. 

Field documentation shall consist of one master site logbook, one or more site-specific logbooks, 

field forms, photographs, sample labels and chain-of-custody records. This format allows for 

detailed recording of information in various field logbooks and forms that are referenced in the 

site logbook. 

Logbooks 

Site and field logbooks provide a daily handwritten record of a l l  field activities at an 

investigation site. AU logbooks must be permanently bound and have a had cover. Field 

logbooks must be waterproof. The site logbook is a master mrd of all site activities, and 

entries are usually made at the end of each work day. Field logbooks are detailed daily records 
that are kept in real time. A field logbook wiU be assigned to each of the operable units at NAS 
Pensacola. 

7-1 



Final Sampling and Analysis Plan 
NAS - Pensamla Operable Unu 10 

Reviswn No. 1 
octobt?r 12,1992 

Site Logbooks - The site logbook chronicles all field investigation activities, but does not have 

the same level of detail as the field logbook. It delineates conditions and activities occurring on 

a given day and references the appropriate field logbooks and forms for specific information. 

The site logbook will also record all field changes with supporting rationale. 

The field project manager will be responsible for completing the site logbook. This person will 
sign and date the logbook at the end of each page. Pages will not be removed from the 

document. All partially used pages will be lined out to prevent data entry at a later date. The 

front of the site logbook will list the project name and number, name of the subcontractor, 

service client, contract number, and dates of use. 7 , .  
". i .;. 

Site Logbook Contents: 
A list of all field logbooks and a brief outline of their required contents. 

Daily temperature, weather conditions, and names and titles of personnel .present. 

Levels of personnel protection, and changes if required. 

Name, title, organization, and purpose of any site visitors. 

A brief outline of site activities and references to the appropriate logbook. 

Specific comments on any problems encountered, their resolution, and any impact on the 

field investigation. 

Any changes and the supporting rationale for the change. 

A brief record of all telephone calls and how they affected the investigation. 
A record of samples collected and shipped, the name of the labomtory, the air-bill 

numbers of the containers, details of the chain-of-custody, and any other pertinent 

information on sample status. 

A record of instrument calibration, including the name of the personnel who performed 

the calibration. 

A record of decon tamination procedures. 
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Field Logbooks - All information required on the cover of the site logbook must also be 

provided on the cover of each field logbook. In addition, the field logbook must provide the 

specific area to which it was assigned. Eutries in the field logbook must be made using a 24- 

hour clock and will be signed by the responsible person at the bottom of each page. Unused 

pages or portions of pages not used must be lined out to prevent entry of additional infomation. 

Copies of the field logbooks will be made on a regular basis to act as a backup for the logbooks. 

Field Logbook Contents: 
Date and time task started and completed; weather conditions, and the names, titles, and 

organizatons of personnel p e r f e g  the tasks. 
A description of the level of personal protective equipment and any changes. 

A description of the site activities in specific detail or an indication of which forms were 

used for that activity. 

Description of field tests perfomed and results of the tests. 
Detailed description of samples collected, and any quality control samples collected. 'she 

time and name of the person to whom the sample custody was transferred or a reference 

to the appropriate documentation should be noted. 

A list of the time, equipment type and procedures followed for decontamination. 

A record of instrument calibration and any failures that occur with a brief description of 

repairs andor replacements. 

2, . .  

Field Data Record Forms - Forms are an extremely useful tool in the field and they help 

ensure that a l l  necessary information is recorded. Blank spaces should not appear on completed 

foms. If information does not apply, the space should be marked "N/A." All forms will be 
completed in the field and placed in the project files. The forms will be copied on a regular 

basis to provide backup for the originals. Forms that may be used during this investigation 

include subsurface boring logs, monitoring well construction diagrams, monitoring well 
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development forms, sample records and additional data as appropriate. Field fonns to be used 

during this investigation are provided in Appendix D. 

Sample Labels - Sample labels will be completed then attached to each sample container after 

collection. Sample labels will be completed as outlined in Section 4.7.3 of the Sampling and 

Analysis Plan. Sample label information will be recorded in the field logbook as a cross- 

reference at the time of collection. 

Chain-of-Custody Records - The chain-of-custody record will contain a summary of the 

contents of the shipment, dates, times, sample numbers, number and volume of containem, and 

documentation of the transfer of custody of the samples. Chain-of-custody forms will be 

completed in accordance with Section 4.8.2 of this SAP. 

Subsurface Boring Logs - Soil boring logs will be maintained by a qualified WA&H 
geologist. The lithology will be described from the split barrel samples using the Unified Soil 
Classification System (USCS). A summary of the USCS is provided in Appendix R. 

The subsurface boring logs will be completed as the boring is advanced. Items to be recorded 
include mateas encountered, depth to water, obvious contamination, and any other necessary 
Wormation. A general log will be recorded in the field logbook as a cross-reference. An 

example of a boring log is provided in Appendix D. 

Monitoring Well Construction Diagrams - A monitoring well construction diagram will 

summarize the monitoring well construction. Information to be completed includes location, date 
drilled, drilling method, well depth, screen location, and general construction data. A general 

log will also be recorded in the field logbook as a cross-reference. Monitoring well schematics 
are found in Section 4 of this SAP. 
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Photographs 

Photographs will be taken of all pertinent field activities as directed by the Field Project 
Manager. 

The following will be recorded in the field logbooks: 
0 

e Photographer 
e Weather conditions 
e 

e 

Date, time, location of photograph 

Description of photograph and direction facing 
Sequential number of the photograph and the frlm roll number 

When the photographs are developed, the information above will be transferred to the back of 
the photographs and signed by the photographer. 

7.2 Analytical Data Validation 

The CLP data shaU be validated using procedures in 'National Functional Guide&& for 

Organic Data Review,' June 1991 and 'National Functional Guidelines for Inorganic Data 

Review," July 1988. Data from other analytical methods shall be validated by E/A & H. 
Independent data validation shall be conducted on 10% of the samples by Advance Science, 

Inc. of Oak Ridge, Tennessee. 

7.3 Other Related Data 

Other xelated data will include illustrations, graphs, meeting summaries, audit reports, and 

labaratory results. This information will be compiled and reviewed for report presentation. 

Meeting Summaries, Telephone Conversations, and Notes 
These listed items will be nxorcied in the field logbooks along with the dates, time, and names 
of persons involved. This infommtion will be available for photocopying if requested. 
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Meetings and conversations with a substantial impact on the project will be described in a 

memorandum to the project manager. 

Illustrations, Computations, and Engineering Data 
original illustrations and graphics will be initialed and dated by the person originating the 
document. A second person will check these documents for completeness and accuracy. All 

maps, calculations and data will be reported or prepared to normally accepted standards and 

confidence levels. 

7.4 Reports 

Progress Report 

These reports will be preplued monthly by the project manager and will include: the number of 

samples collected, sites investigated, monitoring wells installed, any deviations from the 

approved field or laboratory procedures, and other appropriate information. These report will 

be directed to the EIC. 

Fml Report 

The final remedial investigation report will be written following sampling and validation of all 

laboratoxy analysis. The repoxt will consolidate and summarize the collected data and document 
the unit evaluation. An initial d d t  report will be submitted for comment by the Navy, USEPA, 

and FDER. Where appmpriate, the comments will be incorporated into the final document. 

Interim reports will be completed as necessary to describe significant divergence of the site 

conditions from those anticipated, to secure concurrence on the need for emergency or interim 

corrective measures, or to gain regulatory input on unanticipated issues. 
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Data obtained from sampling and analysis procedures will be summatlzed ' and presented in a 

tabular form. These tables will be supported by the raw laboratory reports submitted under 

separate cover to the EK. 

Graphical presentation of the sampling results will be in several formats. Isoconcentration maps 

will be developed for the soil and groundwater parameters. In addition, maps showing the 

sample locations labeled with the sampling results will also be completed. Groundwater surface 
contours along with flow direction and gradient will also be displayed on the site base maps. 

Cross-sectional plots may be used if it is determined that they would enhance the understanding 

of the site. Forms completed during the investigation will be included in the appendices of the 

report. 
-. 

The interpretation of all of the accumulated data and analytical results will be performed as a 

0 project team effort. The expertise of each project team member will be used to develop proper 
conclusions and recommendations. The final decision on interpretation of the data for the report . 

will lie with the task order manager. 
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9.0 FLORIDA PROFESSIONAL GEOLOGIST SEAL 
I hereby affix my seal to the Sampling and Analysis Plan for Operable Unit 10, in accordance 

with Chapter 492 of the Florida Statutes and applicable rules and regulations developed pursuant 

thereto indicating that the related methods and procedures included in this plan are in accordance 

with standard, currently accepted geological practices. 

f 

Name: Brian E. Caldwell 
License Number: 1330 
State: Florida 
Expiration Date: July 31, 1994 
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APPENDIX A 

SUMMARY OF DRINKING WATER STANDARD EXCEEDANCES . 
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t8bk 1 
Sunmery of Detocted Concemetlma of 8 o d h  In Groumlwater 

NAS Pomaed. Oporahle Unit 10 
(A# r a d b  .IO in mgN 

OM-66 1.78 1,070 88.9 120 180 180 92 93 96 92 

OM-66 6.83 160 842 820 670 680 730 670 680 640 

OM-68 69 600 893 77 81 90 84 81 89 84 

OM-69 879 618 e93 690 600 620 670 680 610 670 

OM-7 1 268 NS 110 6.7 12 NS 1 50 6.2 3.2 4.6 

OM-72 288 NS 27.4 17 13 NS 60 83 19 7.2 

OM-76 39.1 NS 136 100 64 NS 110 110 110 110 

OM-77 1.48 NS 46.5 44 28 NS 1,100 200 1 50 72 

OM-84 10,200 4,470 6,640 4,300 4.400 NS 4,700 14.000 NS NS 

PCS- 1 NS NS NS NS 19 7.4 5.2 220 6.7 15 

PCI-1 NS NS NS NS 120 310 370 360 270 260 

PCD- 1 NS NS NS NS 130 160 190 180 180 180 

FPDWS 1 60 160 1 60 1 60 1 60 1 60 1 00 1 60 160 160 

KEY: 
NS - - 
NA - - 
NR = 
Standard exceedancer are in BOLD. 

Monitoring well did not exist, or existed and was not sampled. b. 

Monitoring well sampled but sample not analyzed for this pareqeler. 
No data reported. : &. 

Source: Ecology and Environment, Inc., 199 1. . .  
.. 

I 



Table 2 
Summary of Detected Concentrations of Cadmium 

NAS Pensacola Operable Unit 10 
(All results we in NQA) 

Monitoring Well 
Smnpling Event 
WlonthNear) GM-66 FPDWS * 

7/84 NS 10 

II 10184 I NS I 10 

II 9/85 NA I 10 

1/87 NS 10 

2/87 NA 10 

5/87 NA 10 

8/87 NA 10 

12/87 NA 10 

II 2/88 I NA 10 

6/88 NA 10 

8/88 NA 10 

11/88 NR 10 

3/89 ND 10 

5/89 NA 10 

8/89 NA 10 

11/89 NA 10 

3/90 43 10 

5/90 NA 10 

8/90 31 10 

11/90 NA 10 

319 1 57 10 

719 1 NA 10 

1 0191 NA 10 

KEY: 
NS = 
NA = 
NR = No data reported. 
ND = 
Standard exceedances are bold. 

Monit,oring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 

Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 199t. 



Table 3 
Summary of Detected Concentrations of Chromium 

KEY: 
NS = 
NA = 
NR = No data reported. 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 

Source: Ecology and Environment, Inc., 1991. 



Table 4 
Summary of Detected Concentrations of Lead 

NAS Pensacole Operable Unit 10 
(All results are in udl) 

Monitoring Well 

II 10184 I NS 50 

II 9/85 I NA I 50 

U 1 187 I NS 50 

KEY: 
NS = 
NA = 
NR = No data reported. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 

Standard exceedances are bold.. 

0 Source: Ecology and Environment, Inc., 1991. 



Summary of Detect8 ntrations of Arsenic 

, . {  
‘ 1 1 .  * .  

KEY: 
NS = 
NA = 
ND = 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 
Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 1991. 



e 

KEY: 

Table 6 
Summary of Detected Concentrutions of Mercury 

Monitoring Well - 
Smnpling Event 
(MonthNear) GM-66 FPDWS 

7/84 NS 2 

10184 NS 2 

9/85 NS 2 

1/87 NS 2 

12/87 NS 2 

2/88 NS 2 

6/88 NS 2 

3/91 ND 2 

7/91 ND 2 

1 019 1 NA 2 

NA = 
NS = 
ND = 
Standard exceedances are bold. 

Monitoring well sampled but sample not analyzed for this parameter. 
Monitoring well did not exist, or existed and was not sampled. 
Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 1991. 



Tabto 7 
summry of Detocted Comonn+atbm of VhY( Ctdoride 

NAS Ponacda Opwa#. Unh 10 

00-4 NR 20 16 NS NO ND NR NR ND 2iJ) 2bOiEl ND NS ND 

DG-5 NR ND 9 NS NR NS NR NR NR NS 7151 NR ND ND 

00-6 NO NO 13 NS NR ND NR NR NR NS NO NS NS NS 

OM-8 ' NR NR NR NA NR NS NR NR NR NS NS NR NR NR 

OM-9 NR NS 21 NA NR NS NR NR NR ND ND NR NR NR 

OW10 NR NS 7 NA NR NS NR NR NR NS NS NR NR NR 

OM-64 NS NS NS NO NR NS NR NR NR 2iJl ND NR NR NR 

GM-66 NS NS NS 27 NR NS 146 ND ND 270 170 NR NR NR 

OM-69 NS NS NS 3 NR NS 17 NO ND 22 13 NR NR NR 

O W 7 5  NS NS NS 1 NR NS NR NR NR 3iJ) 2iJI NS NR NR 

FPDWS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

8 
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la#. It-l 
Summwy of Dehctod ConcmuaUom of Ving chloride 

NAS P m u o d .  opw.#. unlt 10 

GM-10 NR ND ND ND ND ND ND ND ND ND ND ND 

OM-64 NR 4 ND ND ND ND ND ND ND ND ND ND 

OM-66 NR 380 ND ND 180(JJ 240(DJ NO 180 ND ND NO ND 

OM-69 NR 14 ND WJI 11 12 ND (LI ILI (L) ND (L) 

GM-76 NS NS NS NS NS NS NS NS NS NS NS NS 

FPDWS 1 1 1 1 1 1 1 1 1 1 1 1 

KEY: 
NS - - 
NA - - 
NR - - No data reported. 
NO = 
(L) - - Present below the detection limit. 
(J) L Estimated value; compound present below the detection limit. 
(E) = Concentration exceeded calibrated range of instrument. 
(DI = Compound analyzed et e secondary dilution factor. 
Standard excsedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but rample not analyzed for this parameter. 

Parameter not detected at or ebove the method detection limit. 

:x . 
Source: Ecology and Environment, Inc., 1991. 
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2/84 6/84 7/84 1 om 1 I87 2/87 61877 8/87 
M- I W d  

00-1 NS NS ND 800 NS NS NR NR NR NS ND NA NA 

DO-6 8 < 10 ND 26 NS ND NR NR NR NS ND NS NS 

OM-8 NS NS ND ND NA NS NR NR NR NR NR NR NR 

OM-9 NS NS 126 (Ll NA NS 11 NR NR NO ND NR NR 

OM64 NS NS NS NS ND NS NR NR NR NO ND 9 NR 

O M 0 0  NS NS NS NS 160 NS 446 NR NR 390 320IEI 600 NR 

OM47 NS NS NS NS ND NS ND NR NR ND ND NR NR 

OM-09 NS NS NS NS ND NS NR NR NR 2IJl ND NR NR 

FPDWS 7 7 7 7 7 7 7 7 7 7 7 7 7 
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W d  11/88 
Mo- 

DO- 1 NS 

DO-6 NS 

OM-8 NR 

GM-9 NR 

OM-64 NR 

GM-66 NR 

GM-67 NR 

GM-69 NR 

FPDWS 7 

KEY: 

3/89 6/89 8/89 11/89 3190 6190 8/90 11 190 3191 1/91 l 0 l S l  

NS NS NS NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS NS NS NS NS NS 

125 36 ND NO ND ND ND NO ND ND ND 

ND ND ND NO ND ND ND ND ND ND ND 

ND ND ND ND ND ND ND ND ND NO ND 

310 1,100 320(J) 320(J1 360tE) (L) 260 (L) (L) ND (LI 

ND ND ND ND ND ND ND ND ND ND ND 

ND ND ND ND ND NO 98 ND ND ND ND 

7 7 7 7 7 7 7 7 7 7 7 

NS E 

NA P 

NR I No data reported. 
ND = 

= 
(J) - - 
(L1 

(E) ZC Concentration exceeded calibrated range of instrument. 
Standard exceadances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well aampled but sample not analyzed for this parameter. 

Parameter not detected at or above the method detection limit. 
Present below the detection limit. 
Estimated value; compound present below the detection limit. 

a 

Source: Ecology and Environment, Inc., 199 1. 
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Table 9 
Summary of Detected Concentrations of 1 ,P-Dichloroethme 

NAS Pensamla Operable Unit 10 

e 

KEY: 
NS = 
NA = 
NR = No data reported. 
ND = 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 

Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 1991. 



Table 10 
Summary of Detected Concentrations of Chloroform 

Sampling Event 
(MonthNearI DG-1 FPDWS 

I 

7/84 NR 100 

10184 320 100 

9/85 NS 100 

1/87. NS 100 

12/87 NS 100 

2/88 ND 1 00 

6/88 NS 100 

8/88 NS 100 

11 188 NS 100 

3/89 NS 100 

5/89 NS 100 
II I I 

8/89 I NS I 1 00 II 
I I I 11/89 NS 1 00 

II 3/90 I NS 1 100 

5/90 NS 1 00 

8/90 NS 1 00 

11 190 NS 1 00 

319 1 NS 1 00 

719 1 NS 1 00 

1 019 1 NS 100 

KEY: 
NS = 
NR = No data reported. 
ND = 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 

Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 1991 . 



Table 11 
Summary of Detected Concentrations of Carbon Tetrachloride 

12/87 NS NS 3 

2/88 ND ND 3 

6/88 NS NS 3 

11 190 NS NS 3 

3/91 NS NS 3 

7/91 NS NS 3 

10191 NS NS 3 

KEY: 
NS = 
NA = 
NR = No data reported. 
ND = 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 

Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 1991. 

0 



Td.  12 
Summry of Datoctod C~ncon+atkn of Trkhloroetham 

NAS P e m d a  Opwabk Unit 10 

OM-69 

2/84 

NR 

NR 

NR 

NR 

68 

- 

NR 

NR 

NR 

NS 

NS 

NS 

NS 

NS 

NS 

3 

Sampling Event (MonthlYorJ 

3 1  3 1  3 1  3 

.. .. 

_ .  



a 

Sunmwy of Detected Concenbdom of f rkhloroodme 
NAS Pemacda OpaabIm Unit 10 

(All rmdb are In pgfl) 

Sampling Event tMonthlYeu) 

UIUU I 11/88 8/89 11/89 5190 

ND ND 

6/90 8/90 TIS1 10191 

KEY: 

ND \ ND UG- 1 ND ND 

NS NS 

NS NS 

ND ND 

NS NS 

NS NS 

ND NS 

NR NS 

ND NS 

6.000 NA 

ND ND ND ND ND ND 

NS NS NS NS NS NS DO- 1 NS NS NS NS NS 

NS NS NS 

NS NS NS 

NS NS NS 

ND 1 (J) ND 

ND 4tJ.BJ ND 

ND 6tB) ND 

ND ND ND 

11.000 8.400tE) ND 

DO-2 NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS 

NS NS NS NS NS NS 

ND ND ND ND ND ND 

00-4 

00-6 

ND 

NS 

NS 

NS 

OM-8 1 (J) 66 

ND OM-9 ' ND ND ND ND ND ND ND 

ND NA ND ND ND ND OM-12R 

OM-65 

NR 

ND 

ND 

ND ND ND ND ND ND ND 

ND 7,300tE) 140 8,200 12.000 4,600 GM-86 8.900 6,600 

OM-67 ND NS ND ND ND 2tJ.B) ND ND ND ND ND ND ND 

OM48 ND NS ND ND ND 4tJ.B) ND ND ND ND ND ND ND 

OM-69 ND NS ND ND ND 1 IJ) ND ND ND ND ND ND ND 

OM-IO NS NS NS NS NS NS NS NS NS NS NS NS NS 

FPDWS 3 3 3 3 3 3 3 3 3 3 3 3 3 

NS P 

NA 
NR t No data reported. 
ND = Parameter not detected. 
tL) - - Present below the detection limit. 

tB) - - Compound also present in method blank. 
tJ) 

(€1 ?= Exceeds calibration limit. 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring wdl sampled but sample not analyzed for this parameter. 

= Estimated value; compound present below the detection limit. :. 

Source: Ecology and Environment, Inc., 199 1. 



Table 13 
Summary of Detected ConcentrMions of 1 , 1 , 1 -1richlorohane 

NAS Pensacola Operable Unit 10 
(All results me in PQA) 

Monitoring Well 

e 

KEY: 
NS = 
NA = 
NR = No data reported. 
ND = 
(L) = Present below the detection limit. 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 

Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 1991'. 



OM-64 

O M 4 6  

OM-69 

OM-81 

OM-82 

OM-83 NS 

NS ND 11 NS ND NR NR NR ND ND ND ND 

< l o  ND 38 NS ND NR NR NR NS ND NS NS 

NS NO NR NA NS NR NR NR NS NS NR NR 

NS 676 4 NA NS 42 23 NR ND ND ND ND 

NS NS NS 6 NS NR NR NR ND ND ND ND 

NS NS NS 6 NS NR NR NR ND ND ND ND 

NS NS NS 9 NS NR NR NR ND ND ND ND 

NS NS NS 6 NS 8 ND ND 4tJl 4)Jl ND ND 

NS NS NS ND NS NR NR NR ND ND ND ND 

NS NS NS 78 NS NS NS NS NS NS NS NS 

NS NS NS 19 NS NS NS NS NS NS NS NS 

NS NS NS 26 NS NR NR NR NA NA NA NA 



Tabla 14 bntimmdl 
Summary of Detected Coneentatbin of Tetachlaoelhene 

00-4 NR NS NS NS NS NS NS NS NS NS NS NS 

DO-6 NS NS NS NS NS NS NS NS NS NS NS NS 

OM-8 NR 138 22 9 1 (JJ ND ND NO ND (Ll ND ND 

OM-9 NR ND ND ND ND ND ND ND ND ND 
I I I I I I I I I I I I 

GM-63 NR ND ND ND ND ND NO ND ND ND ND ND 

OM44 NR ND ND ND ND ND ND ND ND ND ND ND 

OM-66 NR ND ND ND ND 4(Jt ND ND ND ND ND ND 

O W 6 9  NR 4 6 7 7 ND ND NO ND ND 

OM-81 NS NS NS NS NS NS NS NS NS NS NS NS 

OM-82 NS NS NS NS NS NS NS NS NS NS NS NS 

OM-83 NR NS NA NS ' NA NA NA NS NA NA NA NA 

FPDWS 3 3 3 3 3 3 3 3 3 3 3 3 

KEY: 
NS - - 
NA - - 
NR - - No data reported. 
ND t 

(Lt - - Present below the detection limit. 
(JI = Estimated value; compound present below the detection limit. 
Standard exceedancer are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well rampled but sample not analyzed for this parameter. 

Parameter not detected at or above the method detection limit. 

.- : 
.. 

Source: Ecology and Environment, Inc., 199 1. 



KEY: 
NS I 

NA = 
NR I No data reponed. 
ND = 
(L) t Present below the detection limit. 
(J) = Estimated value; compound present below the detection limit. 
Standard excedences are bold. 

Monitoring well did not exist, or existed and was not 8ampled. 
Monitoring well 8ampled but sample not analyzed for this parameter. 

Parameter not detected at or above the method detection limit. 

Ecology and Environment, Inc., 1991. 



6/84 I 1/84 I 10184 I 9/85 

DO- 1 NS NS 200 

*? 
387 

6107 8181 12/87 2188 

NA 473 880 110 

~~ 

DO-6 37.6 77 120 182 NS 40 NS NS NS NS ND NS NS NS 

00-4 NS NS ND 98 NS 30 NS NS NS 63 45 88 NS ND 

GM-9 

OM-10 NS NA 

170 NS NS NS NS NS NS 24 NS ND ND 

NS 170 NS NS NS NS 66 28 NS NS NS 

NA 4,000 NS 127 NA ND ND ND NS ND ND 

NA 120 NS NS NS NS NS NS NS NS NS 
~ ~ ~~ 

OM-67 NS NS NS NS 200 NS 128 NA 45 ND ND NS ND ND 

FPDWS 75 75 75 75 76 75 75 75 75 75 75 75 75 75 



Table 16 
Summary of 0et.ct.d C o n c m h t k n  of 1,4-DkNorabenzam 

MA8 Pomacd. opW.#. Unit 10 
(AM r.rlltr u o  In mil) 

Smplha Ewnt (YonWYew) 

I 6/89 I 11/89 I 5190 I 6190 8/90 11190 3191 7/91 10191 11/88 3189 6189 
M- 

W d  

OM-69 NS I 1,610 410 660 260 140 660 330(E) 200 390 
I I I I I I 

OW8 NS 424 130 66 2s 2,800 2,600 860 190 3,8001E) 820 250 

00-1 NS NS NS NS NS NS NS NS NS NS NS NS 

DO-6 NS NS NS NS NS NS NS NS NS NS NS NS 

DO-4 ND NS NS NS NS NS NS NS NS NS NS NS 

00-5 ND NS NS NS NS NS NS NS NS NS NS NS 

DO-2 NS NS NS NS NS NS NS NS NS NS NS NS 

GM-9 ic NS 7 4(J) NO ND ND ND ND (LI (L) (L) (L) 

I I I I I I I 75 I 75 75 75 75 FPDWS 75 76 75 75 75 76 

KEY: 

NS - - 
NA - - 
FJD = 
(L) 3 Prement below the detection limit. 
(Jl 0 Estimated value; compound present below the detection limit. 
(E) = Concentration exceeded calibrated range of instrument. 
Standard exceedances are bold. 

Monitoring well did not exist, or existed and was not sampled. 
Monitoring well sampled but sample not analyzed for this parameter. 
Parameter not detected at or above the method detection limit. 

Source: Ecology and Environment, Inc., 1991. 
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1.0 Proiect Descridlon 

The specific objective of this survey is to assist E/A&H with the implementation of a 
Remedial Investigation for Group 0 Sites at the Pensacola NAS. The soil gas survey will be 
completed at the Industrial Wastewater Treatment Plant. 

E/A&H will provide general base maps of the Group 0 Sites and determine 
approximately 275 sampling location, prior to mobilization of TARGET'S field team. E/A&H's 
on-site representative and TARGET'S field team will discuss the proposed plan and make 
necessary modifications in the field. A sampling depth of 2-5 feet is planned. 

Samples will be analyzed on a research grade gas chromatograph equipped with 
capillary columns, thermal wen, and with a data processor and associated hardware. Each 
instrument is appropriately calibrated at the beginning of the project, and as needed for the 
duration of the project using an instrument-response curve and injection of standards of known 
concentrations. Calibration checks will be performed at a minimum of twice a day. Retention 
times of the compounds in the standards are used to identify the unknown compounds in field 
samples, and their response factors are used in calculating actual concentrations. Duplicate 
analyses will be performed on at least every tenth field sample (see QNQC section). 

This level of gas chromatography not only provides reliable identification and 
quantification of standard analytes, it also produces a chromatogram with enough resolution 
to match sample signatures with known contaminant signatures and determine (in many cases) 
the nature of the original product, and its relative age. 

TARGET uses both FID and ECD detectors when the analytes of interest include both 
nonhalogenated and halogenated compounds. When assessing petroleum hydrocarbons and 
other non-halogenated compounds, TARGET has found that a full signature analysis on a FID 
provides much more information than the results from a PID or any other detector. Since older 
spills are often degraded, analyzing for only a limited number of compounds may result in an 
occurrence being missed whereas a full analytical signature will allow successful identification 
and mapping of the spill. 

'. I I 

Some compounds will coelute with other compounds. When this happens, the results 
will be reported as a coelutant pair. If further resolution is desired, a representative sample 
from any given area of interest will be selected for analysis by GC/MS. All GC/MS analyses 
will be performed by Maryland Spectral Services, Inc., Baltimore, Maryland. 

The results of these analyses and associated data will be interpreted (including 
chromatogram signature analysis for characterizing likely original products) and reported by 
TARGET in the form of a written report including a summary of background information, 
descriptions of sampling and analytical procedures, tabulated analytical results (including 
WQC),  a scaled base map with labelled sample locations, contoured maps (as appropriate) 
of individual component concentrations, and a discussion and interpretation of the findings. 

1 



2.0 Personnel 

22 Management Personnel 

The officers of TARGET Environmental Services, Inc. (TARGET) have 
actively participated in the environmental industry for the past 20-30 years and 
have combined their expertise at TARGET to produce quality service to both 
public and private clients. 

J. EDWARD TlllMAN is the founder and President of The TARGET 
Companies, Inc. and its subsidiary, TARGET Environmental Services, Inc. 
FARGET). Mi. Tillman is responsible for the overall direction of corporate 
activities, as well as the quality of corporate services. He plays an active role 
in management, research and development, and client interaction. Geochemistry 
and environmental project management are Mr. Tillman's areas of expertise. The 
18 years of experience in these fields has afforded him the opportunity to 
develop and refine various forms of surface and subsurface sampling 
technologies which have been instrumental in the development of TARGET'S full 
range of soil gas surveying methods. Prior to founding TARGET in 1981, Mr. 
Tillman's professional and management experience included sewing as senior 
consultant for several major geotechnical consulting forms on numerous projects 
in the Middle East, Canada and most parts of the United States. Mr. Tillman has 
published and presented numerous papers on the investigation of contaminants 
in the subsurface and has conducted seminars on environmental issues. He 
has chaired a committee on ground water problems for the State of Maryland 
and holds certifications from the American Association of Petroleum Geologists 
(%3159), the American Institute of Professional Geologists (#6245), and is a 
registered Professional Geologist in the state of Delaware. 

' t  ? 

KENNETH B. RANLET is Vice-President of Operations of TARGET. Mr. Ranlet 
has been active in geotechnical project management with the petroleum and 
environmental industries for 18 years. Most of his geological experience has 
concentrated in the Gulf Coast, Southwest, Midwest and Eastern regions of the 
United States. At TARGET, he is responsible for the management and direction 
of all soil gas, water and soil sampling projects, the overall development and 
refinement of technical procedures, and the planning and design of project and 
field activities. Mr. Ranlet is directly involved in the interpretation and reporting 
of project results and maintains close client interaction regarding matters 
pertaining to each project. Mr. Ranlet is a member of the Association of 
Engineering Geologists, is certified by the American Association of Professional 
Geologists (#ma), and is a registered geologist in the state of South Carolina. 

% ,  
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21 Laboratory Personnel 

EUZABETH J. TIERNEY is Laboratory Director for TARGET. She directs 
all in-house laboratory operations. She also oversees the maintenance and 
calibration of the various gas chromatographs. Her duties include method 
development and implementation of new chromatographic technologies. Before 
coming to work for TARGET, Dr. llerney was employed in the GC-MS 
Laboratory for the State of Maryland Department of Health and Mental Hygiene. 
She was responsible for the analysis of water, sediment, and hazardous waste 
samples utilizing EPA methodologies to insure compliance with state and federal 
regulations. She earned a PhD in chemistry from the University of Maryland. 

RUSSELL C. URlCH 111 serves as Manager in TARGET'S environmental 
mobile laboratory. His responsibilities include overall coordination of mobile 
laboratory scheduling, maintenance and servicing of GC's, troubleshooting, R & 
D and supenision of mobile laboratory personnel. Mr. Urich was employed by 
Shimadzu Scientific Instruments for eight years as a Quality Assurance Engineer 
and supervised the assembly and QA of Gas Chromatographs. In this position, 
he implemented QA and manufacturing procedures for the Transformer Gas 
Analysis System which is in use worldwide for the analysis of dissolved gases 
in transformer oil. He also designed, fabricated and tested the "Weasel" gas 
manifold system for delivery of carrier gas. His degree is in Marine Engineering 
from Florida Institute of Technology. 

SCOT E. REYNOLDS is the GC Supervisor in the environmental 
laboratory. His responsibilities are sample scheduling, operation of GC 
equipment, standards preparation, writing SOP'S, calibrating instruments, data 
processing and maintenance of GC's. Mr. Reynolds majored in Chemistry at 
Rochester Institute of Technology. Before joining TARGET, he worked for three 
years as a Chemical Technician for Eastman Kodak Co. 

I '  " 
,*' * .' J - 

MICHAEL MARRALE is a In-Field Analysis Coordinator for TARGET'S 
Columbia office, the California Regional office, and the St. Louis/Dallas Regional 
office. He is responsible for the daily operations of the mobile laboratories as 
well as maintaining standard operating procedures and quality assurance/quality 
control procedures for field analysis. Mr. Marrale has a B.A. in Environmental 
Science from the University of Virginia. 

GREGORY A. BEAL is a Field ChemiWEnvironmental Field Technician 
for TAR0E"s Columbia oflice. His experience includes air monitoring using 
photoionization detectors, organic vapor analyzers, colorimetric devices, 
explosimeters, and oxygen meters. He has extensive experience in the operation 
of gas chromatographs. His duties encompass calibration, maintenance, and 
trouble-shooting of GC equipment used for on-site analysis, in addition to sample 
collection. 

3 



3.0 Lclb oratow Facilities 

The primary operation of the laboratory is to analyze soil gas/vapor/air samples. 
TARGR operates ten Shimadzu gas chromatographs, equipped with auto samplers, flame- 
ionization detector (FID), electron capture detector (ECD), and with computerized data systems 
which are dedicated to the 24-hour analysis of vapor samples. Additional capactty is available 
if needed through the use of identical analytical equipment in TARGET'S mobile labs. Each GC 
can routinely analyze 50 soil gas samples/day under standard run parameters. The fixed-base 
laboratory operates seven days/week. Providing allowances for equipment maintenance and 
additional processing for highly contaminated samples, the laboratory can analyze 
approximately 1,200 sampleshveek. The laboratory is also equipped to analyze soil and water 
samples by purge and trap utilizing GCPID (photo-ionization detector) and Hall detector. 

4.0 Qualitv Assurance Obiectives 

4.1 Precision 

Precision will be assessed by the comparison of replicate samples. A 
replicate analysis will be obtained for every tenth sample. 

4.2 Accuracy 

Accuracy will be determined by the analysis of field blanks, lab blanks 
and check standards. Accuracy will be estimated by comparisons of measured 
check standard concentrations of each analyte with known concentrations in the 
stock gas, and comparison of replicate analyses. The data quality objective 
with respect to field and lab blanks is to achieve analytical concentrations below 
the quantification limit for all analytes. 

When contamination is determined to be present in a lab or field blank, 
it will be acknowledged in the report. An explanation will be given as to t m  
cause of the contamination. An assessment as to the effect of the contamination 
on the validity of the data from any field sample locations will be made. 

4.3 ReDresentathreness 

Representativeness of data collection will addressed by careful 
preparation of the sampling program which specifies sufficient and proper 
numbers, and frequency and location of samples, so as to assure that sample 
data accurately and precisely represent selected characteristics of the soil gas. 

5.0 SamDlina Procedures 

Upon arrivaJ at the site, TARGETS 2-man team will check the site map for accuracy, 
measure out the sampling grid, and mark each location with a pin flag or paint. An electric 
hammerdrill will be used to penetrate pavement where necessary. TARGET personnel will 
repair such holes upon completion of sampling. 

4 



5.1 Field Samdina Procedures 

Soil gas samples are to be collected at predetermined locations with on- 
site additions or deletions as directed by the client or prevailing conditions. The 
samples will be taken from a depth greater than 2 feet to avoid surface 
interferences and less than 5 feet to avoid ground water. The actual sampling 
depth will depend on local conditions (variations in the depth of collection may 
be necessary due to shallow ground water or bedrock, for example). 

Prior to sampling, the entire sampling system is purged with a volume of 
ambient air (filtered through a charcoal canister) or nitrogen no less than 20 
times the volume of the sampling apparatus void space. To collect the soil gas 
samples a 1/2 inch hole is produced to the sampling depth by using a manual 
slide hammer or drive rod. After the slide hammer is removed from the hole, a 
specially designed stainless steel probe is inserted to the full depth of the hole 
and packed off to isolate the probe's perforations from the atmosphere. A 
sample of in-situ soil gas is withdrawn through the probe and used to displace 
the atmospheric air or nitrogen from the sampling system. This volume of soil 
gas is then vented to the atmosphere. A second sample of soil gas is 
withdrawn through the probe and encapsulated in a pre-evacuated glass vial at 
two atmospheres of pressure (15 psig). 

This sampling system is designed to minimize variables and obtain the 
most representative sample available from each sample location. A large 
(approximately 1/2 liter), gas tight syringe is used instead of an electric pump, 
coupled with small diameter sampling probes and lines. This allows for the total 
volume of the extracted sample to be reduced, and provides samples which 
more accurately represent contaminant concentrations in the subsurface. A 
small, measured, uniform sample volume insures consistently representative 
samples throughout the entire survey. 

5.2 Field Documentation Procedures 

Field documentation at each sample location includes the sample 
identification, depth, general area observations, available surface and subsurface 
material observations, observed relative moisture levels, qualification of soil vapor 
availability, equipment used to collect the sample, general remarks, and a 
general description of the sample location. 

5.3 wld Control SamPles 

Field Control Samples are collected by drawing prepurified nitrogen or 
ambient air (filtered through an MSA organic cartridge filter) through the sampling 
apparatus and probe prior to each day's sampling activities, after every twentieth 
sample, and at the conclusion of each sampling day. These field control 
samples are labeled and analyzed in the same manner as the actual field 
samples and are visually indistinguishable from them. 

e 5 



6.0 SamDle Custody 

- - -  
nitrogen before the standards are prepared. 

Samples are logged on a Chain of Custody form which accompanies the samples 
during custody transfers, or transport to the analytical laboratory. 

At the end of each sampling day, samples are recounted and chain-of-custody forms 
are completed for all samples. All information on the chain-of-custody form and the sample 
labels is checked against the sample field log book entries before leaving the sampling site. 

The field sampling personnel are responsible for the care and custody of the collected 
samples until properly dispatched to the receiving laboratory or turned over to an assigned 
custodian or overnight carrier. Upon transfer of custody, the chain-of-custody form is signed 
by one member of the sampling team, including the date and time. 

After the samples are analyzed on-site, the samples will be hand delivered to target's 
fixed-base laboratory or may be shipped by overnight carrier. Overnight carriers (Le. Federal 
Express, UPS, etc.) do not sign chain-of-custody forms; therefore, the chain-of-custody records 
will be sealed within each container of samples. The receipt or airbill for the shipment will be 
retained in the project file as part of the chain-of-custody documentation. 

All chain-of-custody forms received by the laboratory are signed and dated by the 
laboratory sample custodian and returned to TARGET project management department for the 
project file. 

7.0 Calibration 

flD analysis is conducted at Range One, while ECD analysis is conducted at Range 0. 
Three-point least squares linear regression calibration curves are generated for each detector 
as needed and the correlation coefficients are examined for each standardized analyte. 
Correlation coefficients must be greater than 0.99. The curve is then used to, quantify the 
concentration of analytes in samples. Following the initial three-point calibration, check 
standards are analyzed at the beginning and end of each day to ensure retention time and 
response stability. Windows for retention times will be set using the narrowest time band 
possible (usually 0.05 - 0.1 minutes) without including non-standardized peaks. 

The FID and ECD stock standards are replaced as needed from pre-prepared (Scott 
Specialty Gases) cylinders that contain mixtures of our standard analytes. A volume of gas is . 
extracted from the main pressuribed cylinder. The line is purged to eliminate contamination or 
dilution and then a one litre Tedlar bag with a teflon lined septa is filled. Each Tedlar bag is 
used only once. 

Aliquots from the Tedlar bags are withdrawn using Hamilton gas tight glass syringes 
and are then injected into 30 ml pre-capped, pre-cleaned (EPA protocol B Level II) evacuated 
glass vials. Each standard has its own designated syringe which is cleaned with ultra-pure 

6 



8.0 Analvtlcal Procedurem 

8.1 Modified EPA Methods 601 and 602 

A gas chromatograph equipped with an electron capture detector 
(GCECD), following modified €PA 601 methodology, is used to identify and 
quaMy chlorinated compounds typically found in industrial solvents, while a 
flame ionization detector (GC/FID), following a modified EPA 602 methodology, 
is used for petroleum and other non-haiogenated compounds. 

8.2 ReDorted Quairtification Limits 

The "Repocted Quantification Limit" is a concentration level at which the 
degree of confidence in the actual presence of a compound becomes 
meaningful. A reported quantification limit should not be confused with the 
concentration represented by the smallest detectable chromatogram peak area. 
The importance of reported quantification limits should also be weighed in the 
context of acceptable exposure levels and the general levels of contamination 
on a site. The reported quantification levels for compounds to be identified on 
the GCFID (petroleum hydrocarbons) will be 1.0 @ The reported 
quantification levels for compounds identified on the GC/ECD are 1 .O Sgh. 

The following tables list the minimum concentrations (the reported 
quantification limits) of selected compounds reported using TARGEl"s soil gas 
analyses (additional analytes are available). 

vouiw ORGANIC COMPOUNDS REPORTED QUANTIFICATION LIMITS 

: . I s ,  I 

benzene 
ethylbenzene 
toluene 
total xylenes (ortho, meta, para- isomers) 

1,l dichloroethene (1,l -WE) 

dichloroethane (1,l -DCA) 
methylene chloride 
chloroform 
trkhloroethene FCE) 
1 ,1,1 -trichloroethme (l,l,l-TCA) 

cubon tetrachloride 
tetrachloroethene (PCE) 

c-1 ,2-DCE 
t-1 S-DCE 

1.1 3-T- 

1 .o 
1 .o 
1 .o 
1 .o 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 ,o 
1 .o 
1 .o 
1 .o 
1 .o 

7 



a Reduction. Val ldatlon. and ReDorting 

The data is reviewed to ensure all analytes are identified and their concentrations are 
within acceptable criteria. The data and chromatograms ace then submitted to the lnterpretaion 
and Reporting group. 

10.0 Audits 

The performance audit consists of laboratory blanks (every 10 samples), replicate 
analysis of every tenth sample, check standards (at the end of every job or after sample a), 
and field blanks (at the beginning and end of each day's sampling and after every 20 samples). 

Data from quality control samples (laboratory blanks, field blanks, check standards), 
standards and headspace samples, including sample replicates, are reviewed by a mobile 
laboratory operator, a OA assistant and project scientist in TARGET'S Interpretation and 
Reporting Department. 

11.0 prevent ive Maintenance 

Maintenance is conducted on a daily basis and all information is recorded in the system 
maintenance book. Daily checks include: purge and flow rates, gas pressure readings to the 
GC, the FID is checked to ensure it is lit, and the sufficient pressure warning lightjs +.ecked 
on the autosampler. The columns are conditioned daily at 200%. Injection septa are replac6d 
on a daily basis. The alignment of the syringe body with the injection ports of the GC and the 
autosampler are also checked on a dally basis. 

The carrier gases are checked twice daily, on arrival in the morning and on departure 
in the evening. They are replaced when necessary or if there is a problem with the analysis 
on the GCs (e.g., if there is any baseline drift which is recurring and increasing in intensity, the 
carrier gas cylinder is replaced automatically and the supplier of the carrier gas is notified). 

Other maintenance checks include: 1 ) teflon plunger tips on the syringes are replaced 
once per month, or more if necessary; 2) the carousel wheel and its mechanisms are adjusted 
when necessary; 3) columns are replaced as required based on loss of resolving capability or 
decrease in retention times (all other parameters constant) of more than five minutes. 

W tubing is replaced when necessary. TARGET uses Supelco conditioned stainless 
steel premium grade 304 (1/8"OD x 2.1 mm ID). 



ANALYTICAL METEODS, SAMPLE CONTAINERS, 

PRESERVATION, AND HOLDING TIMES 



Hardness Water 
130.2 

PH I EPA150.1, I N/A Water I 150.2 

Total Suspended I €PA 160.2 I N/A I Water 
Solids, non-filterable 

~~~ -~ 

Water I 
- -~ 

Alkalinity I EPA310.1, I N/A 
310.2 

Water I Nitrogen, as Ammonia EPA 350.1, I 350.2 

Kjeldahl Nitrogen EPA351.2, 1 :J 1 Water 
351.3 

Soil 

Phosphorus, EPA 365.1, N/A Water 
Orthophosphate 365.2 

Sulfide €PA 376.1 NIA Water 

N/A Soil 

Biological Oxygen €PA 405.1 NIA Water 
Demand IBODI 

500 ml HDPElGlass Chill, 4O C, Six months until 
Jar HNOJ or H,SO, analysis 

pH c 2 

250 mi HDPE/Glass None required Analyze 
Jar imrnedia tel y 

7 days until 250 ml HDPE Jar 
analysis 

250 ml HDPE/Glass Chill, 4O C 14 days until 
Jar analysis 

500 ml HDPE/Glass Chill, 4O C, 28 days until 
Jar H,SO,pH < 2 analysis 

Chill, 4 O  C 

~ ~ 

28 days until I analysis 
Chill, 4O C, 
H,SO,pH c 2 

1 liter HDPE/Glass 
Jar 

28 days until I H,SO,PH < 2 
Chill, 4 O  C, I analysis 

1 liter HDPEIGtass 
Jar 

Analyze within 
48 hours 

Filter immediately, I Chill, 4O C 
1 liter HDPE/Glass 
Jar 

1 liter polyethylene Chill, 4 O  C 7 days until 
0.04% zinc acetate analysis 
NaOH pH>9 

1 liter polyethylene Chill, 4 O  C 7 days until 
0.04% zinc acetate analysis 
NaOH pH > 9 

One liter HDPElGlass Chill, 4 O  C Analyze within 
JW 48 hours 

? .  c 



e 

Chemical Oxygen EPA 410.1 

41 5.2 

I NIA 

Alpha emission, total, €PA 900.0 
and beta emission, 
total (pCiU 

lgnitability I EPA1010 1 

Volatile Organic 
Compounds 

EPA 5030 t EPA 5030 

EPA 8010 

5 CONTAINERS, PRESERVATION, 

SmQk Container Size I 
Matrix Materid 

Soil I 250 ml Glass Jar 

Water 1 gallon HDPElGlass 

Soil 1 gallon HDPElGlass 

Water 250 ml Glass Jar 

Soil Shelby tube 

Jar 

Jar 

Water . One liter HDPE Jar 
+ 16 ounce HDPE 
Jar for Cyanide 

Soil I E: 8 ounce Glass 

Water (2) 40 ml. VOA Vials 
with Teflon-lined 
septa 

Soil (21-8 ounce Glass 
Jars with Teflon- 
lined septa 

I -  

ND HOLDING TIMES 
I 
Sample Preservation' 

? 

Chill, 4 O  C, 
H,SO,pH < 2 

Holding Timer 

28 days until 
analysis 

28 days until I analysis 
Chill, 4 O  C, 
H,SO. pH c 2 

Chill, 4 O  C, 28 days until 
H,SO,pH < 2 analysis 

HNO:,pH C 2 6 months until 
analysis 

HNO:, pH c 2 6 months until 
analysis 

NIA N /A 

NIA NIA 

Chill, 4 O  C 
Metals - HNO:, 
pH < 2 
Cyanide - NaOH 
pH>12 

Metals - 
6 months 
Mercury - 
26 days 
Cyanide - 
12 days 

12 days until I analysis 
Chill, 4 O  C 

Chill, 4 O  C, HCI" 14 days until 
analysis 

Chill, 4 O  C, HCI" 14 days until 
analysis 

I 
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ALYflCAL ME IODS, SAMPI CONTAINEk, PRESERVATION, AND HOLDING TIMES 

Andyticd Extraction 
Mathad 

SmphB I Cantainc#Sits/ I 
Woldha Timas 

EPA 5030 Water (2) 40 ml. VOA Vials 
with Teflon-lined 
septa 

Chill, 4O C, HCI" Semivolatile Organic 
Compounds 
(Base-NeutraVAcid 
Extractablesl 

EPA 801 5 14 days until 
analysis 

~~ 

EPA 5030 Soil (2) 8 ounce Glass 
Jars with Teflon- 
lined septa 

Chill, 4O C, HCI' 14 days until 
analysis 

EPA 8140 EPA 3510 
or 3520 

Water 250 ml Amber Glass 
Jar with Teflon-lined 
septum 

Chill, 4 O  C" Extract within 7 
days, analyze 
within 40 davs 

Organophosphorus 
Pesticides 

EPA 3540 
or 3550 

Soil 8 ounce Glass Jar Chili, 4 O  C" Extract within 14 
days, analyze 
within 40 days 

Extract within 7 
days, analyze 
within 40 days 

Chlorinated Herbicides EPA 81 50 NIA Water 2.5 Liter Amber Chill, 4 O  C" 
Glass Jar 

NIA Chill, 4O C" Soil 8 ounce Glass Jar Extract within 14 
days, analyze 
within 40 days 

Extract within 7 
days, 
analyze within 40 
days 

. 
2.0 Liter Amber Chill, 4O C" €PA 8280 NIA 
Glass 

NIA Extract within 14 
days, 
analyze with 40 
d a w  

Soil 8 ounce Glass Jar Chill, 4 O  C 
with Teflon-lined 
septum 

/. 
. 

_- 
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ALYTICAL ME 

An- 
Method 

EPA 9020, 
902 1 

- 
IOOS, SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TlMES 

Extraction Sample 
Method Matrix 

NIA Water 

NIA Soil 

Holding Times 

Halogens, Total 
Organic (TOX) 

28 days until 
analysis 

28 days until 
analysis 

N /A 

H,SO,DH < 2 

250 ml HDPEIGlass 
Jar 

Chill, 4 O  C, I HSO, DH < 2 

EPA 9081 NIA -1 Soil Shelby tube I N/A Cation Exchange 
Capacity (CEC) 

CLP CLP 
~~ 

Water 10 days until 
analysis' 

Volatile Organic 
Compounds (VOC) 

(2) 40 ml VOA Vials Chill, 4 O  C, 
with Teflon-lined HCI pH < 2, 
SeDta store in dark 

10 days until 
analysis' 

CLP Soil 

CLP Water 

CLP Soil 

CLP Water 

CLP Soil 

(2) 8 ounce Glass 
Jars with Teflon- 
lined seDta 

Chill, 4 O  C, 
store in dark 

Semivolatile Organic 
Compounds 
(Base-NeutrallAcid 
Extractables) 

CLP Extract within 5 
days, analyze 
within 40 days' 

(2) One liter Amber 
Glass Jars 

Chill, 4 O  C" 

8 ounce Glass Jar 
with Teflon-lined 
septum 

(2) One liter Amber 
Glass Jar 

8 ounce Glass Jar 

Chill, 4 O  C 

Chill, 4OC, 
5 s pH s 9, 
store in dark 

Chill, 4 O  C, 
store in dark 

Extract within 10 
days, analyze 
within 40 days' 

Extract within 5 
days, analyze 
within 40 daysi' 

Pesticides/PCBs 

Extract within 10 
days, analyze 
within 40 days' I , -  

Soil Percent Moisture ASTM 
0-22 1 6-80 

Shelby tube I NIA NIA 



Ash Content ASTM 
D-482 

Sulfur ASTM 
D-129-64 

Grain Size ASTM 
0-422-63 

NIA (Soil I Shelby tube 

NIA I Soil I Shelby tube 

N/A I Soil I Shelby tube 

Nolar: 

CLP rnlyrr performed in accord.nce with Statement of Work (SOW) 3/90. 

Sdl uqla collected with aplit b a d  umplen shall be aubmined to the lrboratoty in rtrinlwr I I ~  u m p l i y  aleever. 

'Any preserving rgenta u d  mrt be ACS CCaified Reagent Orade. 

'Ascorbic reid l o u l d  be added only in the presence of reridurl chlorine. Maximum holdiq time ir 24 h w n  when mulfide ir preset. Optionally, ;I1 umplea m y  be teated with lead rcetnte paper 
before pH adjumnanu in order to determine if wlfide ir preaent. If mulfide ir pramit, it ern be removed by the addition of cadmium nitrats powder u t i1  I negative apot test ia obtained. The umple 
ir filtered a d  then NrOH ir rdded to pH > 12. 

'Sodium thiowlfrte (Na,qO,), 0.008%. lhoubJ be added in the prernce of fka or combined chlorine. 

'Sampler receiviq no pH a d j u m a  muat be mrlyzd within seven dryr of umpling. 

T h e  pH rdjudmnt ir not rsquired if rcrolein will not be msraured. Sampler for acrolein d v i n g  110 pH rdjuatment m a t  be analyzed within 3 dryr of umpling. 

"he pH of the umple must be rdjuated to 7 to 10 if diphenylnitroumine ir to be determined. 

'If umple will be extracted within 72 houn, pH rdjuatment ia not required. ." 
'If rwidud chlorine ir preaent, aodium thiONlfIle prerrvrtive (nee  note 3) ir added to another container that $then filled. 

'CLP holding timer are from Validated T i m  of Sample Receipt (V'ISR). 

N/A = not applicable. Extraction ir no( required or ir part of the rrulyticrl method. 
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fnwomwntal and Safety Destgns Inc. 

LOCATION CLIENT 
-% / ALLEN + HOSHALL 

SICATION OF BORING JOB NO. 

I 1 
DRILLING METHOD1 BORING NO. 

I 

ISHEET 

r 

I 



SAMPLELABEL 

AJdntV01duofaRohaknalS8wice8 
EnSafe/Allen & Hoshall 

19011 SW-9115 
Site: 

Sample Number: 
Presentative: 

Analysis: 
Date: 
Time: 

Sampler: 



SEC J L A L  

ENVIRONMENTAL AND SAFETY DESIGNS, INC. 
5724 Summer Tree Dr. 

Memphis, Tennessee 38134 

OFFICIAL SAMPLE SEAL 

SAMPLE a SEAL BROKEN BY: 

SIGNATURE: 

PRINT NAME a TITLE: 
DATE: 



e 
-__- --- 

CHAIN OF CUSTODY RECORD 
PAGE OF (#)I> 383-9115 

SIGNATURE 

PRINTED 
COMPANY H REASON H REASON -H REASON 

SIGNATURE 
PRINTED 
COMPANY 

SIGNATURE 

PRINTED 
COMPANY 

SIGNATURE 

PRlNTED 
ZOMPANY 
REASON 

I I I I 1 I I 

AFIER ANALYSIS. SAMPLES ARE TO BE: 
5 o DISPOSED OF (ADDITIONAL FEE) 

o STORED (90 DAYS MAX) 
o STORED OVER 90 DAYS (ADDITIONAL FEk 

METHOD OF SHIPMENT: COMMENTS: 
SHIPMENT NO. 
SPECIAL INSTRUCTION: I o RUURNED TO CUSTOMER' I 

036CUfTl 



GROUNDWATER SAMPLING &mp(* IO: 

moJEcT ~YIM JOB NO: DATE: 

WELL NO. LOCATION 

WEATHER CONDRIONS AMBIENT TEMP: 

HmAL WELL VOLUME 

wow dwn0t.r (in.) 

stkkup m, 
Dopth to botrom of mY from TOC {it.) 

Doput to w e  O v l a e o  fmn tot (n.1 

langth of water lit.) 

V o h  Of w e  ml 

(ad) 

Amount of udimont at bottom of ml (h) 

3 V o k m r  of water (001.1 

P.monnl: 

SAMPLING DEVICE 

Tvpe DoVkO? 

Mow warn tho device docontaminatd? 

How woa tho lino docont~minatod? 

Whkh woll w a  pmrPcl.)y sampkd? 

PURQING 

T i  otacud F i d  

Volum purg.d 

Commonta on Well Rocovoty 

A .  > '  . 

Dopth to water (it.) 

Compktbn 

Additbnrl Commenm 

S)wnpkCoH.ct.d: stat 

Fihh 



e 

e 

AQUIFER TEST DATA 

ownr Loulion ProJ.ct No. 

D.1. comprny pwronning T u t  M o ~ o w o d  By 

W d  No. D ~ h n Q u n p i n o W d  Typo of loot loot No. 



SLUG TEST DATA SHEET 

wan No. RoiM No. 

Daw: owrw: 

8- Wadw Iml: it. Locar#n. 

D.pth*Botracn: tt. MdDataby: Cak. by: 

Vobano of Wmtu Adkd ( 1.01 B.kd ( 1. oc P u w I ~ . ~  ( I: 0.1. 

M . # . . a w n t D . v i o r  Watu Lml 

Screened Interval ( 1, Gravel Pack ( 1, or Open Hole ( I Length: L = ft. 

ft, and Type: Casing Diameter: d = ft, Depth: 

Screen ( 1, Gravel Pack t 1, or Open Hole Diameter t 1: D - ft. 

Cdculeted Head, Ho-cdc. = Water Vol. ft. a ft.' /Caring or Hole Area = 

Ho-cdc. = ft. Ho-mew. ft. 

Boundary Cam Selected (Fig. 191 Anirotropy: m = 

kdcTirn0L.g: T = min. 





- l o t -  
BOREHOLE DIA 

PROTECTIVE CSG 
MAT€RIAL/MPE 
DIAMETER 
DEPTH BGS WEEP HOLY(Y/N) 

GUARD POSTS (Y/N) 
NO. lYPE 

SURFACE PAD 
COMPOSITION & SIZE 

RfwLeE 
W E  
DIAMETER 
TOTAL LENGTH(T0C to TOS) 
MNnlATED CAP (Y/N) 

GROUT 
COMPOSITION & PROPORTIONS 

TREMIED (Y/N) 
INTERVAL BGS 

CENTRALIZERS Y N 
,+~ 

SEAL 
lYPE 
SOURCE 
SElUP/HYDRATION TIME 
VOL FLUID ADDED 
TREMIED (Y/N) 

FILTER PACK 
-c 
I irc 
AMT. USED 
TREMIED (Y/N) 
SOURCE 
GR. SIZE DIST. 

DIAMEIER 
SLOT SIZE & TYPE 
INTERVAL BGS 

SUMP (Y/N) 
INTERVAL BSG, LENGTH 
BOTTOM CAP (Y/N) - 
MATERIAL 
SETLJP/HYDRATION TIME 
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GENERAL SURFACE WATER SAMPLE COLLECTION PROCEDURES 

A study will be conducted of the hydrodynamics of the surface water body to determine the 

sample locations. Flow rates will be measured each day and recorded in the field logbook. A 

rain gauge will be installed at the sample location to document the rainfall influence. 

The collection point shall be located on a site map and described in the field logbook. 

The samples shall be collected from areas of least contamination to areas of worst 

contamination and from downstream to upstream. 

e Surface water sample locations will be approached from the downstream direction to 

minimize sediment disturbance. 

- . ? .  , * 

e The samples will be collected to minimize agitation 'of the underlying sediments. 

e Surface water samples collected in water greater than 1-foot depth will be collected above 

the bottom with a Kemmerer sampling device. Surface water samples collected in water 

less than 1-foot depth will be collected at the water surface with the sample container, 

or Teflon or stainless steel sampling device. 

e If surface water and sediment samples are to be collected at the same location, the 

surface water sample will be collected first. 

e Three samples will be collected at each sample location. One sample will be collected 
at high tide, one sample at low tide and one sample will be collected between high and 

low tide. 

e The sample container to be submitted for laboratory analysis shall be submerged with the 

mouth facing upstream. 



- 
e 

0 

a 

e 

e 

If use of the laboratory container is not possible, a decontaminated glass bottle, or Teflon 

or stainless steel sampling device will be used for sample collection. 

Field measurements for pH, specific conductance, salinity, flow rate and temperature of 

the sample will be collected and recorded. 

Samples will be chemically (as needed) and preserved to 4°C upon collection. 

Samples will be labeled and the chain-of-custody form completed in accordance with the 

procedures outlined in Sections 4.7 and 4.8 of this report. 

The following information for each sample lacation will be recorded in the field logbook at a 

minimum: date of collection, time of collection (using the 24-hour clock), weather at the time 

of sample collection and any observable physical conditions (turbidity, odor, etc.) of the water. 



APPENDM F 

SEDIMENT SAMPLE COLLECTION PROCEDURES 

; i , . .  - .  .. .. . . 



SEDIMENT S A M P L E  COLLECTION GENERAL PROCEDURES 

@ Sediment samples will be collected in accordance with the following guidelines: 
e If sediment and surface water samples are to be collected at the same location, the 

surface water sample shall be collected first. 

The sediment sample collection point shall be located on a site map and referenced in the 

field logbook. 

Sediment samples shall be collected in a manner that minimizes disturbance. 

Sediment plumes and density currents will be avoided during sediment sample collection. 

e A clean, decontaminated sampling device (hand auger) and gloves shall be used for each 

sediment sample collected. 

As soon as they are collected, the soil sample for VOC analysis shall be in the 

appropriate sample containen to minimize volatilization. The VOC sample shall not 

be homogenized. 

I *  9 

e Any other samples collected shall be composited and homogenized before placement 

in the appropriate sample containers. 

e Samples will be labeled and the chain-of-custody form completed in accordance with the 

procedures outlined in Sections 4.7 and 4.8 of this report. 

e Samples will be preserved to 4" C as soon as they are collected. 

The following infomation for each sample location shall be recorded in the field logbook at a 

minimum: Date of sample collection, time of sample collection (using the 24-hour clock), 

weather at the time of sample collection and any observable physical conditions (odor, 

@ discoloration) of the sample. 
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SPLIT-BARREL SAMPLE COLLECTION WITH LINERS 

Before Sampling: 

1. 

2. 

3. 

Stake the location(s) to be sampled. 

Clear vegetation and debris from the ground surface. 
Prepare the site by placing plastic sheeting around the hole site and over the ground on 

which the drill rig will be parked. 
Set up drill rig at sampling location. 
Set up the decontamination line for the split-barrel samplers and other down hole 

equipment. The drill rig will be decontaminated in accordance with the procedures 

outlined in Appendix 0 of this report. 
Put on personal protective clothing and equipment as required by the site-specific health 

and safety plan. 

Install four decontaminated 6” stainless steel liners in the split-barrel sampler. 

4. 

5.  

6. 

7. 

. 
During sampling: 

8. Install a decontaminated split barrel sampler on the center rod(s) and insert into the 

hollow-stem auger. Connect the hammer assembly and lightly tap the rods to seat the 

drive shoe at the ground surface. 

Mark the center rods in &inch increments from the top of the auger flight(s). 

Drive the sampler using the hammer. Use a full 30-inch drop as specifred by ASTM 

Method D-1586. Record the number of blows required to drive the sampler through each 

&inch increment. 

Cease driving when the full length of the sampler has been driven or upon refusal. 
Refusal occurs when little (e 1 in) or no progress is made after 50 blows of the hammer. 

Pull the sampler free by using upswings of the hammer to loosen the sampler. Pull out 

center rod and sampler. 

Unscrew the split barrel assembly from the center rod and place it on the sampling table. 

Remove the drive shoe and head assembly. If necessary, tap the split-barrel sampler 
assembly with a hammer to loosen threaded couplings. 

9. 

10. 

11. 

12. 

13. 

14. 

15. With the drive shoe and head assembly off, split the sampler and remove the liners 

without disturbing the sample. 



I 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Screen sample with PID or FID, and select two samples with highest readings for 
laboratory analysis. 

Immediately install a Teflon septa over the ends of the selected liners and cap and seal 

the ends of the liners with PVC caps. 
Label the samples in accordance with Section 4.7 of this report. Mark the top and 

bottom of the sample on the outside of the liner. 

Preserve to 4°C the samples collected. 

Attach the hollow-stem auger with the cutting head and center rod(s). 

Proceed to the next sampling depth. 

Slightly raise the auger flight(s) to disengage the cutting head and rotate without 

advancement to clean the bottom of the hole of cuttings. 

Collect samples as outlined above by inserting the split barrel sampler into the hollow- 
stem auger. 

Describe the sample lithology from the auger cuttings and from observation of the bottom 

end of the sample in the liner on the soil boring logs. 
\ '; 

After Sampling: 

25. When sampling is complete, remove the drill rig to the hea ~y equipment decontamination 

site. 

Decontaminate split-barrel sampler and other down hole equipment between sampling 

events. 

Remove plastic sheeting. 

receptacles. 

Note all relevant information in the field logbook before leaving the site. 

26. 

27. Place plastic and other disposables in the appropriate 

28. 



SHELBY TUBE SAMPLE COLLECTION PROCEDURES 
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SHELBY TUBE SAMPLE COLLECTION PROCEDURES 

The following steps shall be followed when collecting Shelby tube samples. 

Before Sampling: 

1. 

2. 

3. 
4. 

Survey and stake the location(s) to be sampled. 

Clear vegetation and debris from the ground surface. 

Prepare the site by placing plastic near the borehole. 

Set up the decontamination line if required. 

During sampling: 

5. 

6. 

Advance augers to the desired sample depth. 

Attach a head assembly to a decontaminated Shelby tube. Attach the Shelby tube to the 

center rods. 
Lower the Shelby tube and center rods into the hollow stem augers until seated at the 

bottom. 

Use the rig’s hydraulics to push the Shelby tube to its full length or until refusal. Attach 

a hoisting plug to the upper end of the center rod, twist to break off the sample and pull 

it out of the borehole with the rig winch. 

Retrieve the Shelby tube to the surface, detach it from the center rod, and remove the 

head assembly. 

Seal the ends of the Shelby tube immediately. Mark the top or up end of the tube and 

transport to the laboratory in an upright position. 

7. 

8. 
r *  

9. 

10. 

After Sampling: 
11. 

12. 
13. 

Upon completion of the boring, remove the drill rig for decontamination. 

Dispose of cuttings in accordance with Section 4.9 of this SAP. 
Remove plastic sheeting and place the plastic and any other disposables in the appropriate 

trash receptacle. 

Note all relevant information in the field logbook before leaving the site. 14. 

Note: Shelbv tube JMV not retain loose. sandv soils. 
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MONITORING WELL INSTALLATION IN U N C 0 ” E D  AQUIFERS 

1. Advance the borehole to the required depth using a bit or auger flight with PVC plug of 

a diameter sufficient to allow for insertion of the tremie pipe when the casing is centered. 

It is preferred that the borehole be at least 4 inches in diameter larger than the casing 

diameter. The hole should be drilled slightly deeper than required for the combined 

length of casing and screen. The final completion depth should be sounded with a 

decontaminated, weighted tape before continuance of well placement. 
Condition the borehole by circulating air (or mud, if used) or by rotating augers without 

drilling until the hole is cleaned of cuttings. Remove the cuttings from the area round 

the auger. 

Prepare the casing and screen for installation. The casing and screen will be 

decontaminated in accordance with Appendix 0 except the PVC casing and screen 
not be cleaned with hot water or solvent rinsed. 

2. 

3. 

4. Withdraw the drill rods and bit or the auger flights. (If installing casing through rhollow; .... 

stem augers, skip this step. Auger flights will be withdrawn after installation of cashg.) 

Check the hole depth with a weighted surveyor’s tape. 

Hang the casing string, screen down, over or in the top of the borehole. Lower the 

casing string into the well. 

Install centralizers every 30 to 40 feet as the casing string is lowered into the borehole. 

As a minimum requirement, one centralizer is required above the screen and bentonite 

seal. If a sediment trap is used, one centralizer must also be placed on the trap. 

If a filter pack is required, prepare the dry sand. 

5.  

6.  

7. 
8. When the casing string is set to the desired depth, hang the centered casing in place and 

insert the tremie pipe. There should be 2 to 3 feet of stickup once the well has been 
lowered to its f d  position unless the wellhead is flush mounted because of its location. 

Install the filter pack through the tremie. Six inches or more of fdter pack material must 

be spotted at the bottom of the hole, under the screen. The tremie should be slowly 
withdrawn so that the filter pack is placed evenly around the screen without bridging. 

Filter pack will be installed to at least 2 to 3 feet above the top of the screen. A 

minimum of 2 to 3 feet of bentonite is required above the SC-. 

Check the depth to the top of the filter pack with a weighted tape. 

9. 

0 10. 



11. 

a 12. 

13. 

14. 

15. 

17. 

18. 

19. 

Do not remove the tremie pipe unless a larger diameter pipe is needed for installing the 

bentonite seal and grout. 

Tremie bentonite pellets (not powder) onto the top of the fiter pack. Bentonite pellets 

must be used if the seal is to be seated below the water table. Granular, flake, or 

slurried bentonite may be used above the water table. If a txemie pipe is used, slowly 

withdraw the pipe as the bentonite is added to ensure even placement of the bentonite 

seal around the annulus. Check the depth with a weighted tape. 

If the bentonite seal is installed above the water table, hydrate according to the 

manufacturer’s specifications. Allow adequate hydration time (8 hours) before 

proceeding to Step 15. 

Mix Portland cement with 2 to 5 percent powdered bentonite and water to make a 

pumpable slurry. Weigh the bentonite before mixing; adding more than 5 percent 

bentonite will severely reduce grout strength. 

Assume, for planning purposes, a shrinkage factor of 10 percent of the grout seal after 

installation. Grout exiting to the surface should be reweighed to ensure that the 

appropriate density is maintained and that a complete seal is formed. . L  

Txemie the grout into the annulus using a side exiting tremie. Slowly withdraw the 

tremie pipe as the annulus fills. Grout the well to within 2 to 4 feet of the surface but 

not higher than the average frost line. Compare actuai volume of grout placed with 

calculated volume. Both should be annotated in the field logbook. If the two values 

differ, explain the mison for the difference int he field logbook. 

After installing grout, dismantle and decontaminate tremie equipment. 

Mix and pour concrete for the wellhead pad. Concrete must extend below the frost line 

and to the top of grout. It may be convenient to first fill the annulus to the bottom of 
the pad form and then set the locking well cover or locking protective casing. After the 
protective casing has been installed, the remaining concrete should be poured into the pad 

fom. 
Finish the concrete pad so that it slopes away from the wellhead in all directions with a 

minimum thickness of 6 inches. If weather conditions warrant, cover the concrete until 

cured. Lock the well cover. 

. 



____ 

20. 

21. 

22. 

23. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

If the well design specifies traffic barriers, dig the holes and set the barrier posts in 

concrete separate from the concrete pad. Posts and concrete must extend to a depth of 

2 feet. 

Read the appropriate constructionlcompletion information in the field logbook and on 

the appropriate field log forms. 

If a fonn was used for the concrete pad, return to the well site after the concrete has 

cured for at least 24 hours and remove the form. Baclcfii around the pad with native 
soil. Drill two 0.25-inch weep holes on opposite sides of the prottxtive casing and just 

above the concrete pad. 

The well identification should be stamped in the protective casing. Paint the well posts. 

MONITORING WELL INSTALLATION IN CONFINED AQUIFERS 

Advance an oversized borehole through unconsolidated surface deposits to adepth of 2 

to 3 feet into the top of the confining bed. In general, the borehole should be 4 inches 

in diameter larger than the casing to be installed when a tremie is to be used. 
Condition the borehole by circulating air (or mud, if used) or by rotating augers without 

drilling until the hole is cleaned of cuttings. 

While performing Step 2, prepare necessary length(s) of surface casing. 

Pressure grout cement-bentonite grout to fa the portion of the borehole in the confining 

bed. If a bentonite seal is to be set below the static water level, only pellets may be 

used. The bentonite should be allowed to hydrate in the presence of groundwater, but 

potable or distilled water may be added if needed. 

Insert the surface casing into the borehole and push firmly into the confining bed. 

Mix Podand cement with bentonite powder (in a ratio of 3 to 5 pounds of bentonite to 

one 94-pound bag of cement) and water to make a pumpable slurry. Weigh the bentonite 

before mixing. 

Insert the side exiting tremie pipe into the borehole and begin pumping grout. Slowly 
withdraw the W e  pipe as the annulus fills to ensure even placement with no bridging. 
Allow grout to cure for 24 hours or longer before proceeding. 



9. 

10. 

11. 

12. 

13. 

14. 

15. 

After grout has cured, continue drilling with a smaller diameter bit or auger suing. 

Advance the borehole to the desired depth. The hole should be drilled a few feet deeper 

than necessary to allow for cavings during casing placement. If more than one aquifer 

will be encountered during drilling, the well must be cased in separate stages to prevent 

cross-contamination. Steps (1) through (8) of this procedure should be followed for each 

separate aquifer that must be cased off. 
Condition the borehole by circulating air (or mud, if used) until the hole is cleaned of 
cuttings. Pull the drill string out of the borehole when no additional cuttings reach the 

surface. Check the hole depth with a weighted surveyor’s type. 
Prepare the casing string in manageable sections while conditioning the borehole. The 

casing and screen must be decontaminated in accordance with Appendix 0 except 

PVC materials must not be washed with hot water or solvent rinsed. Tighten casing 

joints to the manufacturer’s specifications. 

Insert the fmt segment of the casing string and lower to a convenient height for adding 

the second casing segment. Chock the casing, add the second segment, then release the 

chock and lower the casing. Repeat this process until the full casing string is hanging 

in the well. Centralizers, beginning at the top of the screen, should be placed at 30- or 
a f o o t  intervals. The casing string should be allowed to hang in the well rather& set ~ 

on the bottom. Casing strings with Teflon screens or schedule 40 PVC should never be 
set on the bottom because the weight of casing will significantly reduce the slot size and 

may collapse the screen. 

If the well is to be completed without a filter pack, insert a decontaminated pump tube 

or submersible pump which will collapse unconsolidated sediments against the screen. 

Lower a weighted surveyor’s tape to make sure that formation sands or gravels have 

collapsed to a distance of 2 ft. or more above the top of the screen. Continue pumping 
until sufficient collapse has occurred. If pumping does not cause collapse, then a filter 

pack should be spotted at the screen as in Step (14) of this procedure. This method is 
not intended for use with Teflon screens. 
Ha filter pack is required, as is most common, prepare the dry sand or sand slurry while 

proceeding with Step (12) of this procedure. 

Insert the mmie to a location near the bottom of the screen and begin running the filter 

material through the M e .  Slowly withdraw the mmie so that the filter pack is placed 



16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

e 

evenly around the screen without bridging. Six inches or more of filter pack m a t e d  

must be spotted at the bottom of the hole, under the screen. The filter pack will be 

installed to at least 2 to 3 feet above the top of the screens. If the top of the screen is 

below the bottom of the confining layer, extend the filter pack to the confining layer, if 

appropriate. 

If the filter pack was installed dry, do not remove the tremie unless a larger diameter 

pipe is needed for installing the bentonite seal and grout. Check the depth of the top of 

the filter pack to ensure that it rises above the top of the screen. 

Tremie the bentonite pellets onto the top of the filter pack. Bentonite pellets will be used 
where the seal is installed below the water table. The bentonite seal must extend 2 to 

3 feet into the confining layer, if possible. Slowly withdraw the tremie pipe as bentonite 

is added to ensure even placement around the casing without bridging. 

Hydrate the bentonite according to the manufacturer’s specifications. 

Repare the bentonite grout in accordance with the manufacturer’s specifications. 

Tremie the grout into the annulus. Slowly withdraw the tremie pipe as the annulus fds  

to ensure even placement. Grout the well to within 2 to 4 feet of the surface but not 

above the average frost line. 

After installing grout, dismantle and decontaminate the tremie equipment. 

Mix and pour concrete for. the wellhead pad. Concrete must extend below the frost line 

and to the top of grout. It may be convenient to fmt fd the annulus to the bottom of 

the pad form and then set the locking well cover or locking protective casing. After the 

protective casing has been installed, the remaining concrete should be poured into the pad 

form. 

Finish the concrete pad so that it slopes away from the wellhead in all directions, with 

a minimum thickness of 6 inches. If weather conditions warrant, cover the concrete until 
cured. Lock the well cover. If the well design specifies W i c  barriers, dig the holes 

and set the M e r  posts in concrete. Posts and concrete must extend to a depth of 2 
feet. 

Record the appropriak constructiodcompletion information in the field logbook and on 

the appropriate field logbook forms. 

If a foxm was used for the concrete pad, return to the well site after the concrete has 
cured for at least 24 hours and remove the form. Backfill around the pad with native 

i ,,: I , 



soil. Drill two 0.25-inch weep holes on opposite sides of the protective casing and just 

above the concrete pad. 

The well identification should be stamped in the protective casing. Paint the well posts. 0 26. 
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MONITORING WELL DEVELOPMENT PROCEDURES 

Monitoring wells will be developed using a combination of surging and pumping until readings 

of specific conductance, pH, and temperature stabilize and the groundwater withdrawn is free 
of turbidity. The procedures for development and stabilization will be discussed below. 

surging 

Monitoring wells will be developed initially with a surge block. The surge block will be 

constructed of polyvinyl chloride and will be lowered in the monitoring well with nylon mpe. 
The surge block will be operated using an up and down motion so that groundwater will be 
surged in and out of the monitoring well screen. The procedure will be continued for 

approximateAy 10 minutes. 

b P h l !  
Upon completion of the surging, the monitoring wells will be pumped using a Bennett pump, 

a Brainard Kilman pump or equivalent until the water withdrawn is free of turbidity. If the 
productivity of the monitoring well is low, the monitoring well shall be alternately pumpxi @en 
left idle to allow for recovery. Groundwater withdrawn from the monitoring wells during 

development will be placed in 55-gallon drums for fbture disposal. 

Stabilization 
Monitoring wells will be developed until the groundwater withdrawn is free of turbidity and 

readings of pH, specific conductance, and temperature stabilize. Groundwater will be 
considered fm of turbidity when groundwater withdrawn is below 0.5 milliliter per liter (mY1) 

of settleable solids using an Imhoff Cone or as clear as possible given the subsurface conditions. 
Groundwater will be considered stabilized when three readings of specific conductance, pH, and 

temperaturn stabilize to within f 546, f 0.1, and f 1°C respectively or to within 

manufacturer’s limitations. All of the equipment will be calibrated prior to use onsite and 
operated according to manufacturer’s specifications. 
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MONITORING WELL PURGING PROCEDURES 

No less than three volumes of water (water column) shall be purged. 
Purging shall be conducted using a teflon bailer. 

Groundwater will be withdrawn until temperature, pH, and conductivity have stabilized 

before sampling. A monitoring well b stabbed when three readings of temperature, 

pH, and specific conductance are within fl'C, fO.l, and & 5% respectively. 

Upgradient and background wells shall be purged and sampled before downgradient wells 

to reduce the risk of cmss-contamination. 

e 

e 

e Information concerning well purging shall be recorded in the field logbook and on the 

Groundwater Sampling Fonn. 
Low recharge wells are defined for this project as wells with a recharge rate that does 

not allow sampling within 12 hours of initial purging. These wells will be documented 

0 

as 9rr. 
L' t .a , ,. 
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PROCEDURES FOR GROUNDWATER SAMPLING WITH BAILERS 

Beforesampling: 

1. Put on protective clothing and equipment as specified in the site-specific health and safety 

Plan. 
Prepare the site for sample acquisition by covering the ground surface around the 

wellhead with plastic sheeting. Arrange the required sampling equipment for convenient 

use. If onsite decontamination is required, arrange the necessary supplies in a nearby 

but separate location, away from the wellhead. 
Open the well and note the condition of the casing and cap. Check for vapors using a 
PID or FID equipment. Using a product interface probe, determine thickness of product 

(if present), the static water level and depth to well bottom. Record this infomation in 

the field logbook or on the groundwater sampling fonn. 

Purge the well according to the procedures in Appendix K of this report. Allow the 

water level to Tecover to a depth at least sufficient for the complete submergence of the 

2. 

3. 

4. 

bailer without contacting the well bottom. )Iy:;- l r  

5. While the well is recovering from purging, decon tamhate the Teflon coated stainless 
steel leader and bailer. If the bailer was decontaminated before arrival at the site, 

m o v e  the protective wrappings. Securely attach the bailer to Teflon coated stainless 
steel leader. Attach the leader to the line securely. The end of the line should also 
be secured. 

Arrange the sample containers in the order of use. Volatile organic analyte (VOA) 
samples, will be obtained fusty followed in order by semivolatiles (SVOA) and other 

6. 

samples. 

During sampling: 
7. Lower the bailer into the well. The bailer should enter the water slowly to prevent 

d o n ,  particularly when VOA and SVOA samples axe being collected. Do not p e d t  

the bailer to contact the well bottom. 
8. Retrieve the filled bailer to the surface. Do not allow the line to contact the ground. 

Hang the bailer from a bailer stand or other support, if available, or have an assistant 

hold it off the ground. The first bailer of water should be used as a rinse and then 0 



discarded. For VOA samples, the sample bottles should be tilted when filling to prevent 

aexation. Check the filled vial for bubbles. If sample filtration is required, it should be 
done as soon as possible upon sample retrieval. If, after collecting VOA and SVOA 
samples, the total r e q u i d  sample volume is greater than the water remaining in the 

bailer, discard. Again lower the bailer to collect water for additional sample volume, 

if needed. 

After Sampling: 
9. 

10. 

11. 

12. 

a 

Fill the remaining sample containers to capacity with the water contained within the 

bailer. Add preservative (if needed), cap, seal, and properly label all containers. Place 
the filled containers in the cooler(s) immediately. 

Record sample types and amounts collected, and time and date of collection in the field 

logbook and on the groundwater sampling form. Prepare chain-of-custody and analytical 

request documents as requid by the project quality assurance plan. 
Decontaminate sampling equipment. 

Clean up the atpa and place disposable materials (plastic sheeting, gloves, Tyvek) in .a the I :I . 

designated trash receptacle. Close and lock the well cover. 
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M T H O D  TO14 

DETERMINATION OF VOLATILE ORGANIC COMPOUNDS ( V K S )  I N  MEIEM AIR 
USIH; SUW* PASSIVATED CANISTER SAHPLING AND 6AS 

MROMTOGRAPHIC ANALYSIS 

1. Scope 

1.1 

102 

1.3 

Thls document dtscribes a procedure for sampllng and analysis 
o f  valatlle orgunlc canpounds (VOCs) In amblent air. The method 
I s  based on collectlon of whole alr samples In SUIwA. passivated 
stalnless steel can l r t eno  The V a s  are subsqwntly separated 
by gas chroruitestq)k,. e d  ~trurcAl b; m a s s - s c l t c t l v t  detector or  
m u l t i  detector techniques. f h l  s method presents procedures for 
sampl lng I n t o  canisters to f i n a l  pressures b o t h  abwt and below 
atmospherlc pressure (respectlvtly referred t o  as pressurized 
and subatmspheric pressure sampllng). 
Th i s  method Is applicable t o  specific VOCs t h a t  have been tested 
and determined t o  be stable when storcd i n  pressurized and s u b  
rtmospherfc pressure canisters. 
which are chlorinated VOes, have been successfully tested f o r  
storage s t a b i l l t y  i n  prtssurfzed canlsters (1,Z) .  However, 
minimal documentation 1s currently ava i l  able demonstrating 
s t rbi l l  t y  o f  VoCs In subatmospherfc pressure canisters. 
The organic compounds t h a t  have k e n  successfully collected I n  
pressurized canisters by thfs method are llsted I n  Table I. 
These canpounds have been successfully measured a t  the p a r t s  per 
b l l l l o n  by volume (ppbv) level. 

Numerous compounds, many of 

2. Appl Icablc Documents 

2.1 A f R t  Standards 

,, .. 
. j  . ..... ! i. 

01356 - Deflnltlon of Terms Rc l r t td  t o  Atnospheric Sampling and 

E260 - Recamended P r a c t h  f o r  General 6as Chraatography 

E355 - Prrctlce f o r  6rs Chranatogrrp)b, Terms and Relrtlonships 

Analysis 

Procedures 

2.2 Other Documents 

US. Environmental Protect ton Agency fcchnlcal Assistance Oocument (3) 
Laboratory rnd CLrabIcnt A l r  Studies (4-U) 
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3. f-ry o f  Method 

3.1 Both subatmspherlc pressure rnd presrurltcd turplfng -des use 
an Initlalty evrcurted unister rnd 8 puap-ventlhted sample llne 
during sample co~lection. Presturlt& rurpllng requlnt an addi- 
t1onr.l pump t o  provlde porltlve pressure to the tampla unlster. 
A sample of mblent rlr I t  drrm through 8 ulrpllng t t r ln eaapriscd 
of canponentt t h r t  reguhte the rrk 8rd dwrtlon of saopllng l n t o  
r pre-evrcurted SUPMA. prsslvrted unlster. 

3.2 After the a i r  sample 1s collected, the un l r t t t  valve Is closed, 
an f d t n t t i ! c a f ! m  tag i s  attlrhe! t o  t.b canister. i r d  tk can!r- 
ter 1s transported to pndeterrlned lrboratory f o r  rnalyrlt. 

rnd  the crnlster f s  attached t o  the rnrlytlcrl system. During anal- 
$Is, wrtcr vapor 1s nduced I n  the 98s S t r W  by 8 Wltlon@dryer 
(If rppllcablr), rnd the V a s  r n  then concentrated by collectton 
In 8 cryogenlcrlly-coaled t f8p.  

temperature of  the trap 1s rrlsed. The V a s  orlginrl ly collected 

t e e d  by one o r  lore deteetirs for Identtflcrtion and qurnt i ta t io  
3.4 The rnalytlcrl strategy a? Method TO14 Involver usfng 8 hlgh- 

reroluflon gat  chrautogrrph (6C)  coupled ta one o r  amre rppro- 
ptlrtt  6 C  d t t K t o n ,  
divided l n t o  two groups: mn-rpeclflc detectors r n d  speciflc 
detectom. The non-rpclflc dctecton lncludc, but  are not l imtted 
t o ,  the nltrogen-phosphomr detecror f P O )  , the flame l o n l t r t l o ~  
detector (FID), tb electron upture detector (ECD) and the photo- 
ionltrtlon detector (PID), The speclflc dettctort Include t h b  
mast s p c t t a w t e r  (m) opentlng l n  elther the selectd lon l o n l -  

* 

3.3 Upon ncefpt 8 t  tb 18bOrrtOfy, t ! W  UnfSter t89 data I S  = C o r d 4  

cryogen 1s then moved rnd t h  

m In tb trw 8- f ~ 0 1 8 t l l b d ,  SV8r8trd 011 8 6 C  COIUIII, then dc- 

HIStodC8lly, dctWtOn f o t  8 6C have been 

toring ($131) rpde or the SCAH ID&, or the ton t r a p  detector. 
rcII use of there detectors o r  1 tadInrt1on of these detecton 
as parL of rn rnrlytlcrl scheme 1s detemlnd by t h e  requlred 
speclflclty rrd r e r r r l t l v l ~  of  the appllcrtlon. Uhlle the non- 
tpeclflc detecton are less upenslve per m r l s l s  m d  In sane 
cases lore sensltlve than the rpeclflc d e t e r ,  they vary I n  
tpeclfldty and serrrltlrlty-for r speclflc clus of  capoundt. 
For Instance. I f  ul t lp le  halogenated capoundt a n  targeted, 
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an ECD I s  usually chosen; I f  only canpounds contalning nltrogen 
o r  phosphorus are of Interest, a MPD can be used; o r ,  I f  a variety 
of tvdrocarbon canpounds are'sought, the broad response of the 
FfD o r  PID f s  appropriate. In each of these cases, however, the 
tpeciflc identlficatlon of'the canpound wlthin the class I t  deter- 
m i n d  only by I t s  retention time, which can be subject t o  t h l f t s  
or to Interference fran, other nontarget& cunpounds. When misiden- 
tlficatfon occurs, the error 1s  generally a result of a cluttered 
chromatogram, maklng peak assignment difficult. In particular, 

the mre d a t i k  organics [chiotocthanrs, tthyltt:iane;, Clth?cte- 
benzenes, and varlous freons) e x h l b l t  less well deflned chrmato- 
graphic peaks, leading t o  mlsidentlflcatlon u s l n g  non-speclflc 
detecton. Quantitative caparisons indicate t h a t  the FID i s  more 
subject t o  error than  the ECD because the ECD Is a much mre selec- 
tfve detector f o r  a smaller crass o f  campounds w h i c h  e x h i b i t s  a 
stronger response. 
bz: !a) cmplojno simultaneous dttcctlon by different detecton 
or (b) correlating retentton tlmes frun different 6C columns for 
confinnation, In either case, interferences on t h e  non-specific 
detectors can ttlll cause error In Identiffing a canplex sample, 
The non-speci flc detector system (GC-NPD-FID-ECD-PID) , however, 
has been used for approximate quan t l t a t ion  o f  relatlvely clean 
samples. The nonspecific d e t k t o r  system can provlde a ?snapshotm 
o f  the comtltutnts I n  the sample, allowing determination of: 

Identlfiutlon errors, however, can be reduced 

- Extent of mlsidentlflcatlon due ta overlapping peaks, - Porltlwn of the V a s  w i t h i n  or no t  w i t h i n  the conccntrrtlon 
range of antlclpated further anrlysls by speclflc detectors 
(6C-XS-SCAN-SIH) ( if  no t ,  the sample 1s further d i lu ted) ,  and - Exlttcncc of unorpected peaks which netd further i den t l f l ca t~on  
by t.pcif IC detecton. 

On the atkt hard, the use of speciflc detectors (Cis coupled t o  a 
6C) allows positive capound 
to more spc l f l c l ty  t h a n  the 
$It4 =de, t h e  6 can readily 

ldentiflcatlon, thus lending Itself 
multidettctor 6C. Operating In the 
approach the saw sansltivlty as the 
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multldetector system, but I t s  f l e x l b l l l t y  I s  t l m l t d ,  For SIN 
oprrt lon,  the 
nwber ut targeted canpwndr uhlle dluegrrdlng other uqulred 
Inforutton. In the SCAN lode, hornvet, the 6 krconcr 8 universal 
detector, often detecting capoundr uhlch ara not detectd by 
the  u l t tde tec tor  rpprorch, the C C - R S - ~  rill prwlde posltlve 
l d ~ n t i f ~ c r t t o n ,  h l l e  the 6C-S-SIH procedure prmldcr qurntl tr t loa 
of 8 restricted .target cmpoUndm tlrt of Vas. 
The- analyst often must declde whether W use rpeclfic or  nan- 
specific detectors by COnS16ring tu& f8mn 8s project objecflves 

personnel capability I n  developlng I n  m 8 l y t l c r l  r t t r t egy ,  

wlth non-speclflc rnd speclflc detectors my u t l s t  the 
analyst I n  the d e c l s l o m k f n g  process. 

Won-SGcIflc ~ l t ~ d e t e f t o r ' ~ 8 l r t l c ~ l  System 

0 
I s  pfogfumed to r c q u l n  at8 for I l l a l t d  

d e s l r d  &tectlon liRftS, WUfPQLnt W 8 l l 8 b l l l ~ ,  C o s t  8 d  

A lltt O f  lo- O f  th dV8nt8WS Ud dlSrdV8ntrges U S O C 1 8 t d  

5240218  

A h i n t a g &  

Somewhat tower qulpnwnt 0 

Less sample volume required 

N o n  s e m l t t m  

cost -thrn 6C-6 0 

fo r  anrl f i l  I . 0 

- ECD nry be 1000 tlmes 
m n  sensitive than 0 

6t -6  
0 

0 

Dfs8dvrntrgcs 

. 
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S p e c l f l c  De t t c to r  Analyt ical  System 

CC- W-SIH 
Advantages DI sadvantaots 

o p o s l t l v e  canpound I d e n t l f k a t i o n  o c a n ' t  Iden t i fy  non-specified 
o g rea te r  s e n s l t l v l  t y  t h a n  6C-HS- compounds (Ions)  

o less opera tor  I n t e r p r e t a t l o n  cost than mul t lde t t c to r  6C 

o a n  resolve  co-c lu t lnq  peaks than  f o r  multidctector  6C 

SChN o somewhat g r e a t e r  equlpmm 

t h a n  for m u l t l d c t e c t o r  GC o g r e a t e r  sample volum requit& 

o mre s p e d f l c  t h a n  the  m u l t i -  o u n i v e r s a l i t y  of de tec to r  sac- 
t l f l c e d  t o  achieve enhancc- 
ment i n  s e n s l t l v i t y  

detectar 6C 

CC-W-SCAH 

o pos l t lve  compound I d c n t i f l c a t l o n  o lower s e n s l t l v i t y  t h a n  GC-W- 
o can I d e n t l f y  a11 compounds. SIM 
o less opera to r  I n t e r p r e t a t l o n  o g r e a t e r  sample volume requitex 
o c a n  resolve  co -e lu t ing  perks t han  for  mul t ld t t cc to r  GC 

e ' ,zttshat greitrr qyZpmr!nt cos 

t h a n  mult i d e t e c t o r  GC 

The ana ly t i ca l  f l n i s h  f o r  the measurement chosen by the analyst  
should provide a d e f i n i t i v e  l d t n t l f l c a t l o n  and a p rec i se  q u a n t i -  
t a t l o n  o f  v o l a t i l e  organics. !n a l a rge  par t .  the  ac tual  approach 
t o  these two o b j e e t l v a s  Is subject to q u l p m e n t  a v a i l a b i l l t y .  
Flgure 1 I n d i c a t e s  some of the f a v o r i t e  options t h a t  a r e  used as  
an r n a l y t l c a l  f l n l s h .  The CC-MS-SCAN c p t l o n  USES a c a p l l l a r y  
column GC coupled t o  1 HS optrated i n  8 scannlng lode and sup- 
ported by spectral l t b r a r y  search routines, This op t ion 'o f fe r s  
t h e  nea res t  Gproximat lon  to u n a M g u o u t  l d e n t l f l c a t l o n  and 

covers 8 w l k  range o f  compounds 8s defined by the campkteness 
of  the spectrrl llbrary. 6C-HS-SIH rode 4s llmlted t o  8 set of 
t a r g e t  canpounds whlch are u s e r  deflned rnd Is -re s e n s l t l v e  
t h a n  6C-IS-SCAN by vittue of the longer dwell tlmz a t  t h e  
restricted nuder o f  m / r  values, Both these technlques,  but  
especially t h e  6C-135-SIH option, can use a supplcmcntal general 
non-speclf lc  detector to verify/idcntify the presence of YOCs. 
F i n a l l y ,  the op t ion  l a b e l l e d  6C-u1ultldetactot system uses 8 
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c ~ i n a t i o n  of  r e t e n t i o n  tine ami multiple general  & t e e t o r  vcri-  
f l a t i o n  t o  I&ntlfy caapounds, However, i n t e r f e r e n c e  due to 
near ly  Identlcat r e t en t ion  tirrs can affect SySt- q w n t l t a t i o n  
h e n  us ing  t h i s  option, 
DW to the low concentrat ions of  V a s  encountered i n  urban a i r  
( t y p i c a l l y  less t h a n  4 ppbv and t h e  mjorl ty below 1 ppbv) along 
w f t h  thefr canpllcated chrmafogrras, Wethod TO-14 strongly recaamcrrds 
t h e  specif l e  detectors (6C-HS-fCAW13IH) for p o s i t i v e  I d e n t i f l u t i o n  
Ind- fo r  primary q u r n t i t r t i o n  to ensure t h a t  high-quality ambient 
data i s  rcqdred. 
For the experlenced analys t  whose a n a l y t l c r l  system I s  limited t o  t n e  
non-specif IC d e t e c t o r s ,  Sect ion  10.3 does provide g u l d e l l n a  and 
example d r r a r a t o g r r u  showing t y p i c a l  r e t e n t i o n  tines and a l l b r a -  
t fon response factors, and u t l l l r i n g  the non-specif ic  de tec to r s  
(GC-FID-ECD-PID) ana ly t i ca l  system IS thic p r l u r y  q u a n t i t a t i v e  
technique, 

4.1 
~ 4 O 2 ?  9 

4.2 

4 03 

Vots  enter t h e  a t m s p h e r e  frm 1 v a r i e t y  o f  sources,  Including 
petroleum r e f i n e d  es, synthet ic  organic chunlcal p l a n t s ,  natural  
gas proccsslng p l a n t s ,  and automobile exhrus t ,  Many o f  there 
V a s  are acutely toxic; therefore, their d c t e m f n a t i o n  i n  ambient 
air 1s necessary  t o  assess human health iap8Ctso 

Conventional methods for va deteninrt ian use s o l i d  sorbent tmpl- 
lng trehn!qms, t h e  mst widely used sol id  sorbent !r Tenex.. An 
a i r  sample i s  drawn through a Tcnafl-f i l led u n t l d g c  here cenain 
VOcS a m  trapped on tRe po’Iymer. fhr sample uftr ldgc 1s tramferr-l 
to 8 laboratory and rnrlyrd by 6C-lS. 
V a s  crn also k successfully collected fn s t a i n l e s s  steel unlsttr . 
Col lec t lon  af aabitnt a i r  saaples In  u n l s t c n  provldes (1) conwn- 
lent l n t e g r r t l o n  of & l e n t  samples over 8 s p c l f l c  tlrr pcrlod, 
(erg.. 24 hocn); (2) remote s a p l i n g  and c e n t r a l  ~ i p i t ;  (3) 
ease of storing and rhlpplng ramplet; ( I )  unattended sample col- 
lection; (5) a n a l y s t s  of suglm frm wltlple rltes 4 t h  one 
a ~ ~ l f l l c a i  system; a d  (6) coltection of r u f f l e l e n t  urgle votum 
t o  allow a s s e s c n t  of mmsur-nt p r d t f o n  aWor ana lys i s  of 
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samples by seve ra l  a n a l y t l c a l  systems. However, c a r e  must be extr- 
clsed I n  seleetlng, c l e a n l n g ,  and h r n d l f n g  sampk  c a n l s t c n  and 
sampllng a p p a r a t u s  to a v o i d - l o s s e s  or c o n t a m h a t l o n  of the samples. 
Contamlnatlon Is a crlt lcal  I s s u e  w l t h  c a n l s t t r - b a t e d  tampllng be- 
cause t h e  c a n i s t e r  ls the l a s t  clement i n  the tampllng t r a l n .  

4.4 I n t e r i o r  surfaces of the canisters are t r e a t e d  by the S U H W  
pass lva t ion  process ,  I n  which a pure chrune-nickel oxlde  Is 
formed on thc s u r f a c e ,  Thls type of vessel has been used I n  t h e  
p a s t  for sample c o l l e c t l o n  and has d e m n s t r a t e d  sample s to rage  
stability o f  many rpcclflc o r g a n l c  capounds .  

4.5 This method can k app l i ed  t o  sampllng and a n a l y s l s  of not  only 
VOCt, but also some selected s m l v o h t l l e  o rgan lc  canpounds 
(SVOCs).  The term m s c m i v o l a t l l e  o rganlc  canpounds' I s  used t o  
broadly describe o r g a n l c  canpounds t h a t  are t o o  v o l a t l l e  t o  be 
c o l l c c t c d  by f l l t r a t l o n  a lr  samplfng but  n o t  v o l a t i l e  tnough for 
thennal  de so rp t ion  from s o l i d  sorbents .  SVOCs can g e n e r a l l y  be 
c l a s s l f l c d  as those w l t h  s a t u r a t l o n  vapor  pressures a t  25'C be- 
twetn 10'1 and 10-7 mm Hg. VOCs a t e  g e n e r a l l y  c l a s s i f f e d  as 
t hose  organics  having s a t u r a t e d  vapor pressures a t  $!S'C g r e a t e r  
t han  log1 mm Hg. 

" \ . 

5. D e f i n l t l o n s  

Note: Def ln l t l ons  used I n  t h l s  document and I n  any user- prepared 
Standard Operat ing Procedures (SOPS) should be c o n s i s t e n t  w i t h  As?" 
Methods 01356, E260, and E355. A l l  abb rev l a t l ons  and synbo l s  w i th in  
t h f s  method a r e  def ined  a t  po ln t  o f  use. 
5.1 

5.2 

Absolute canister pressure - Pg*Pa, where Pg gauge pressure I n  
t h e  c a n i s t e r  (kPa, PSI) rnd  Pa 9 baranctrlc pressure (see 5.2). 
Absolute pressure - Pressure measured w l t h  r e f e r e n c e  t o  absolute 
zero pressure (as opposed t o  a tmospher lc  preSSUte) 
expressed as kPa, mn Hg or p s l a .  
Cryogen - A refrlgtrant used t o  o b t a l n  very low tanperaturn I n  
t h e  cryogenic  t r a p  o f  t h e  a n a l y t i c a l  systtm. A typlcal cryogen 
f s  1 tquld oxygen (bp -183.O.C) or llqufd argon (bp -l8S17.C). 

u s u a l l y  

5.3 
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Dynrlaic u l fbr r t lon  - Callbrrtfon of  rn 8nalytfC81 system using 
crllbratlon gas standard concentrrtlont i n  a form ldentlcrl or 
very tlallrr to the s8mpteS to k rnrlyted rnd by lntroduclng 
such standards i n t o  t h e  Inlet of the srnpling or rnrlytlcrl 
system i n  I aanner very rlmilar to t h e  nom1 ruapling or 

Gauge pressure - PreSSUfe orrsurcd above d h n t  rtwspheric 
pressure (as opposed to absolute pressure), Zero gauge pressure 
fs  equal t o  -lent rtmtphedc ( b 8 r ~ t r l C )  pressure. 
?&SCAN - The 6C 1s coupled to a 6 progrmwd i n  the SCAN node 
to scan a l l  l o r n  repertcdly during t h e  6C fun, As used i n  the 
current context, t h i s  procedure serves 81 1 qur l i t r t i re  Identi- 
flcrtion a d  charrcterlzrtlon of the srmplc, 
MS-SIll - The 6C 1s coupled to 8 HS progrrnncd t o  acquire data 
f o r  only specffled Ions 8nd t o  dltregrrd a l l  uthen, T h i s  i s  
perfonned USlng SIH coupled to retentton time dfSCrlllIn8ton. 

constituents of t h e  srmple gas as progr8mIned by the user. 
Hegabore. column - Chtaaatographlc colunm having an lnternrl d l -  
anctcr (I.D.) greater than 0.50 m. The Ucgaborc. column i s  A 
trademart o f  the J&W Scientific Co, For purposes of  t h i s  
method, Hegrbore. refers to chraartogrrghlc columns w i t h  0.53 
m~ 1.D. 
Pressurlted sampling - Collection of an a i r  sample In I canister 
with 1 ( f i n a l )  u n l s t e r  pressure above rtmospheric pressure, 
using a sample pmp, 

correctly identlfy caapounds, 
Qurntltrtlv, accuracy - The ability o f  an rnalyticrl system t o  
correctly measure t h e  concentration of i n  Identi f led compound. 

standards i n  forw d l f fennt  than  tha rrrplcr to k ul81Ytcd. 

rolune of 8 high concrntrrtiorr ttrndrrd directly onto 8 6t 
calm. brprsrlng the sample u t t rc t lon  and precomentrrtlon 
portion of t?m rnrlytlcrl system. 

rnriyticri ptoccss, 

a ?hi Gc-s:!! :m?)%?: prs7!*,tr q.s:'.f?tet!e rEsz?ts f$? S t ! f l t &  

g w i i t a t i n  W C U ~ U ~  - nt a i t i t y  of UI m y t i c a l  system t o  

St8tiC a l l b r a t i o n  - C~librrticn Oi SE 8na1,utlcal SyStm U S i q  

&I 'srt8Wh O f  8 S t 8 t i C  u \ f b r r t l o r  would k Injecting 8 tu11  

5 .I 

5.5 

5.6 

5 07 
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5.13 Subatmspherlc sampllng - Co l l ec t i on  of an alr sample I n  an 
evacuated can ls ter  a t  a ( f l n a l )  can ls ter  pressure below atmos- 
pherlc pressure, u l t h o u t  the asslstancc of a sampllng pump. The 
u n l s t e r  Is f l l l c d  as the  I n t e r n a l  can ls ter  pressure increases 

t o  anblent o r  near a fb l en t  pressure. An a u x l l l a r y  vacuum pump 

may be used as part o f  the sampllng system t o  f l ush  the I n l e t  
tublng prlor to or dur lng sample co l lec t lon.  

. 

6, Inter ferences and L lm l t a t i ons  

6.1 Interferences can occur I n  sample analysls I f  m i s t u r e  uccumu- 
la tes  I n  the dryer (see Sect ion 10.1.1.2). An autanated cleanup 
procedure t h a t  p e r i o d l c a l l y  heats the dryer to about 100'C while 
purglng with zero a l r  e l lmlnates any molsture bulldup. Th ls  pro- 
cedure does not degrade sample l n t e g r l t y .  

6.2 Contamlnatlon may occur I n  t he  sampllng system I f  c a n l s t e n  a r e  
not proper ly cleaned be fo re  use. Addi t iona l ly ,  a l l  other sampling 
equipment (cog., pump and f l ow  con t ro l  l e r s )  should be thoroughly 
cleaned t o  ensure t h a t  the f l l  ii ng apparatus w i i  i not conraminare 
samples. I ns t r uc t l ons  f o r  clean1 ng the canlsters arid . .% aLcprt1fying 

the f i e l d  sampling system a re  descrlbed I n  Sections 12.1 and '12.2, 
respect 4 vel y. 

menbrane dryer t o  remove w a t e r  vapor selectively from the  sample 
stream, polar organlc compounds may p n n e a t e  concurrent w l t h  the 
ao ls tu re  xmlecule. 
h l t  o r  her system wl th  the spcc l f l c  organic const i tuents  under 
exam1 na t  lo  n . 

6.3 Because the GC-W ana l y t l ca l  system employs a Nafion. permeable 

Consequently, the analyst should quant l  t a t e  

7. Apparatus 

7.1 Sample Co l lec t ion  

[Note: 
systems arc canmerciaily r v a t l a b l e  and have been used as p a n  of 
U,S, Environmental P ro tec t l on  Agency's Toxlct A i r  Honl tor ing 
Stat ions (TAM), Urban A l r  Toxic  Po l lu tan t  Program (UATP), and 
the non-methane organlc compound ( N H K )  sampllng and r n a l y s i s  
pro gram. 3 

Subatmspherlc pressure and pressurized can1 s t e t  sumpling 
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7.1.1 Subrtmospherlc P ressure  (See Figure 2 YIthout Metal 
'lm Pump) 

3 2 4 0 2 2 1  

7.1 01 01 

- 7.1.1.2 

7.1.1.7 

7.1.1.4 

7.1.1.5 

7.1.1.6 

7.1.1.7 

7e1e1 .8 

Sampling 1nJet l i n e  - s t a i n l e s s  steel tubing t o  
connect the sampler t o  the sample In let .  
Sample canister - leak-free stainless steel p r e s s y e  
vessels o f  desired -1- (e.g., 6 L), with  valve 
and f11w. p r s s i v a t ~  Interior surfaces ( S c i e n t i f i c  
Instrunantrtlon Spedrlfrts, he.. P.O. Box 8941, 
nolcw, ID 83843. or Menon frmplen, fnc., 4215-C 
Yea&?? Dt,, Atlmta, CA, 33335, S t  3quIviItnt). 
Stainless steel vaeudpressure gauge - capable ot 
mc8SUdrrg V l C U U l l  (-100 t o  0 kPa O r  0 t o  30 I n  Hg) 
and pressure (01206 kP8 or 0-30 ps lg )  I n  t h e  sampl.n! 
s p t m  (N8theSOt1, P.0. BOX 136, MOffOw, 6A 30200, 
Model 63-3704, or equivalent). 6ruges should k 
t e s t e d  clean and leak t lght .  
Electtonlc mast flow controller - capable of r a t r  
t a l n l n g  a constant f l o w  rate (+ 102) over a simp)- 
lng perlod of up ta 24 hours and under condtt lons 
o f  changl ng t cmperatrttc (2040.C) and humt di t y  

(Tylan COrp.* 19220 3. Nornrndle Aver* Torrance, 
CA 90502, Model FC-260, or  equlvalcnt). 
Pattlculate ratter filter - 2-m s l n t e r e d  strlnlesr 
steel ln-llne f i l ter  (Nupro Co., 4800 E. 345th St. 
Y l l l  oughby, OH 44094, Hodel SS-2F-K4-2, or qulva- 
lent). 
Etecttonlc tirar - for un8 t t ended 'S l rgh  coI Iect ion 
(Paragon Elect. Co., 606 PItkway Ilvd. ,  P.O. Box 2', 
Twin Rlven, YI 54a1, node1 7008-00, or  qulva1an, ) .  
Solmold valve - clectrlcrlly-operated, b l - s t ab le  
solenoid valve (SMnner Ragnelrtch Valve, Hew 
Brttrlr, a, Rode1 %RAM49tfO, or  quivalent) wlth 

Chrm8tOgraphlc grade t t a f n h s t  steel tubing and 
f l t t l n g s  - for lntercorumtiom (Alltech Astoctat. 
20% Urnkegan Rd,, her f i e ld ,  11 60015, Ut, #8lZS, 

a 

V l t O f l  m8t and er1qS.  

a 
. i ._ 
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o r  equivalent). 
sample, anrlyte, and support gases prior t o  rnrly- 
sls should be chrcmatogrrphlc grade str lnless steel,  

7.1.1.9 Thennostaticrlly controlled heater - t o  malntaln 
ttmperrtureOlnside lnsulatcd sampler enclosure hove 
rmblent tmperature (Matlow Co., Pfrfftown, NC, 
P a r t  04010080, or q u l  valent) 

temperrtutc (Elmwood Sensors, InC. , 500 Narrrganrctt 
Park Or,, P8wtUCket R1 02861, Model 3455-RC-0100- 
0222, or qulvalent) .  

Yoodstock, N Y ,  Hodcl SUZAI , or q u i  valent). 

t i o n  (Elmwood Senson, Inc., Pautucket, RI , Model 
3455-RC-0100-0244, or crqulvalent). 

7.1.1.13 Haxlmum-minimum thermometer - records hfghest and 

lowest temperatures d u r l n g  sampll ng perlod (Thomas 
Scientlflc,  Brooklyn Thermometer Co., Snc,, 
P/N 9327H30, or q u i  valent) . 

7.1.1.14 Nopro s tainless steel  t h u t - o f f  valve - leak free, 
fo r  vacuum/pressure gauge . 

7.1.1.1S Auxillary vacuum pump - continuously draws ambient 
air to be sampled through the In le t  manifold a t  10 
l / m i n .  or  hlgher f l o w  rate. Sample Is extracted 
from the manifold a t  a lower rate,  and excess a i r  
i s  exhausttd, [Note: The use of hlgher Inlet flow 
rates dilutes any contamfnatlon present I n  thc i n k t  
rnd reduces the posslbill t y  o f  sample contrtnination 
as a result o f  contact wl th  rctlvc a d t o t p t l o n  si tes  
on inlet walls.] 

A l l  such naterlals  In  contact w i t h  

7.1.1.10 Heater thermostat - autmatically regulates heater 

7,1.1,11 Fan - fo r  cool lng sampling system ( E G G  Rotron, 

7.1.1.12 Fan thermostat - autmatlcally regulates fan opera- 

A , . ) * : .  - 

7,1,1,16 Elapsed tlm meter - wasurcs duratlon of  sampling 
(Conrrc, Crunct DlV.,  Old s&ybOOk, m, Type 6364, 
PIN 10082, or  quivalent) ,  

7,1,1.17 Optional f l x e d  o r l f l c t ,  cap11 lary, o r  adjustable 
mlcramctetlng valve - my be used I n  llcu o f  the 
clccttonlc flow controller for grab samples or short 
duration t lmt- lntegrrted  SuppkS.  Usually approprl- 
ate only tn t ~ t u r t l o n t  where W n t n t n g  samples are 
t8ken to assess future unrpllng aet'itl?jr. 
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7.1-2 Pressurized (F igure  2 Y l t h  Met81 b e l l o n  Type Pump and F i g u , a  

7,1,2,1 Sample pump - s t r i n l e s s  steel , r t a l  k l l o m  typc 
(neta l  Be! laws Corp., 1075 Providence Highway, 
fhrron, M 02067, We1 B151, or s q u l v r l e n t ) ,  
capable o f  2 atmospheres output pressure, Pump must 
be free of l e a k s ,  c l e r n ,  rnd uncontrainrted by oi l  
or  o rgan ic  caapounds, [Note: An r l t e m a t i v e  srmpl- 
Ing systk h8S been developed by Dr, Re R ~ S I I U I S ~ ~ ,  
me Orewn 6r8du8te Center (18,19) rnd IS 11tustrrtca 

pump, 8 mechanic81 flow r q u l a t O r ,  rnd r m c h 8 n l d  
canpensat ing flow restrietlvc dcvlce. In t h i s  con- 
f i g u r r t l o n  the pump i s  purged with 8 hrge sample 
flow, thereby e l i m l n r t l n g  the need for an r u x i l i r t y  
v r c u m  pump t o  f l u s h  t h e  sample I n l e t ,  Interference 
uslng t h i s  .conf igura t ion  haw been minimal -3 

7,l.Z.Z Other suppor t ing  mterirlr - a l l  other canpontnts  * -  - 
the pressur i zed  sampling system (Figure 2 w l t h  meta 
bellows t y p e  pump and Figure 3) arc similar to cmpc 
nents d i s c u s s e d  i n  kct lons  7.1.1.1 through 7.1.1.16 

? Z  F?ture 3, ?%?S f?% S y S * , s  ! S f S ,  f!! Qrdtt', a 

7.2 Sample Anrlytis 

7-2-1 GC-HS-SCAN A n r l y t i c r l  System (See Figure 4 )  

7,2,1,1 The 6C-KS-SCAN r n a l y t l c r l  system must be u p r b t e  of 
r cqu l r fng  and processing drtr t n  t h e  )1s-.%m node, 
6 8 s  c h t m r t o g t r g h  - C8prbh  Ol subanbient tmpr8- 
t u f a  progruaaing for the oven, with other genera l ly  

u t l c  c o n t r o l  of valves rad In tegr r to r ,  ete. Flm 
lonlrrtfon detector op t lonr l  , ( I h w h t t  Pltkrrd, 
R t ,  41, Avondrla, PA 19311, Model S W A ,  wlth  oven 
temperature control and Level 4 BASIC progrrmring, 
or q u l  valent ,) 

t.2,1,3 C h r m t o g r a p h l c  d c t e o r  - a8rs-relsctlve detector 
(Hwiet paclurd, #)OM b n m r  st., 91, p a t o  ~ l t r  
CA 94304, Hadel W-5970 IS, or q u t v r l e n t ) .  eqdp- 

wlth tmputer and approprfatr toftrrn okwla t  
?rctrrd, -t hnouet St.. OI, Orlo A l t o ,  CA 91304 

73 ,1 ,2  

St8ndird fe8tUnS SUCh 8S g 8 S  flow r t g U l & t O f % ,  rut00 
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HP-216 Canputer, Quicksilver K software, Pascal 
3.0, mass s to rage  9133 HP Ylnchester  with 3.5 Inch 
ftoppy d l s k ,  o r  equivalent ) .  The Gt-CfS I s  se t  i n  
the SCAN d e ,  where t h e  )ts screens the sample for  
I d e n t l f i c r t l o n  a d  q u a n t l t a t l o n  of VOC species. 
Cryogtntc t r a p  wtth temperature con t ro l  a s s i rb ly  - 
refer t o  Section 10.1.1.3 for  ccmplett  d e s c r i p t i c ~  
o f  t r a p  rnd  tBnpcfiture COntto1 arsenbly (Nutech 
Carpotatton. 2142 Cecr St., Durham, WC, 27704, 
Model 3 2 0 4 1 ,  o r  q u l v a l a n t ) .  
Elec t ronic  mass flow c o n t r o l l e r s  (3) - marntain 
cons tant  flow ( f o r  c a r r i e r  gas and sample gas) and 
t o  provide analog output t o  monitor flow r n m a l i e s  
(Tylan Model 260, 0-100 cm3/min, or q u i v a l e n t ) .  
~acuurn pump - general purpose labora tory  pump, 
capable of drrwing the  desired sample volume throug 
the cryogenic t r a p  (Thanas Indus t r i e s ,  he.,  fheboy 

Chrmatographic grade s t a i  n l  ess s t e e l  t u b i n g  and 

s t a i n l e s s  steel p l u n b l n g  f i t t i n g s  - refer  t o  Sectlo 
7.1.1.8 for  descr ip t ion .  
Chraa tograph ic  column - t o  provide cmpound separa 
such as shown i n  Table 5 (Hewlett Packard, R t .  41, 
Avondale, PA 19311, OY-1  c a p i l l a r y  c o l m ,  0.32 mn 
50 IR w i t h  0.88 urn crosslinked methyl s i l i c o n e  coat1 

o r  equivalent). 
S t a i n l e s s  steel vacuum/pressurt gauge (optional 1 - 
cap&Ie o f  m e r s u d n g  vacuum (-ioi.3 t o  o tPa) and I 
sure ( e206  kPa) I n  the srmplfng system {Matheron, 
Box 136, Morrow, 6A 30200, Model 63-3701, or q u i w  
lent). 6augcs should be tested clean 8nd leak t t g l  

Y? , !!!!k! ?9?lP.29, or %?r! velcnt! I ' 1 . .  

7~2.1.10 Stainless steel cylfnder pressure  regula tors  - star 
two-stage cyli nder r e g u l a t o n  wfth pressure gauges 
htlfuut, zero a l r  rnd hydrogen gar cy\fndcfS. 

7.2.1.11 Cas p u r l f l e r s  (3) - used t o  remve organlc Impurlt, 
and moisture frm gas streams (Hmlctt Packard, R t  
Avordrle, PA, 19311, P/W 19362 - 60500, o r  q u l v a l i  
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Lou &ad-volume tee (optional ) - used t o  spl i t  t t  
e x i t  flow from t h e  6C column (Alltech Associates, 
2051 Yautegrn Rd., Dtedleld, IL 60015, Cat. 15839, 
or  q u i  v a l e k t  ) . 
Naf1on.drycr - c o n s l s t l n g  of b f l o n  tubing co- 
r x l r l l y  mounted w i t h i n  larger t u b i n g  ( P e r u  Pure 
Products ,  8 Executive Drive. Tans Rlrcr, NJ, 08753 
Model HD-125-48, o r  q u l v a l e n t ) ,  Refer to Sectlon 
10,1,1,2 f o r  dcscrl p t  Ion,  

f e n l c e  Cotp, T u ~ s ~ ,  W. Seiscor M e ;  i'iii, or 
q u l v r l e n t  ) , 
Chaf t  recorder ( o p t i o n a l )  - camprtlble r l t h  the 
detector ou tpu t  slgnals to record optlonal  FID 
detector resporst to t h e  srrple. 
E l e c t r o n t c  integrator  ( o p t l o n r l )  - C ~ ~ p 8 t l b l e  

r l p & k  e? !n?cgrrtfng t h e  are8 o f  one or  -re 
response perks and u l c u l r t l n g  pert  areas tor- 
rected f o r . b a s e l l n e  d r i f t ,  

SlX-pOrt 98s chranrtogrrphlc V8IW - (Seismograph 

w l t h  t h t  detector Wtpu t  Signal of  tht FID 8nd 

1.2-2 GC-MS-SIH Analytical System (See F i g u r e  4 )  

7,2,2.1 The 6C-rO-SIH anrlytlcrl system m u s t  be capable o! 
a c q u l r l n g  rnd  processing data I n  t h e  ClS-SIH mdt, 

7.2,2,2 A l l  camponcnts o f  t h e  CC-PS-SIM system in Identll  
cal t o  Sectlons ?,S.i,Z th rough 7,2,:,S. 

7.2.3 6C-Hult idetector  Analytical System (Sea Flgure 5 and Flgurc i )  

7,2,3,1 as C h t a ~ 8 t o g t r p h  w l t h  f h a c  i o n i t a t i o n  rnd elcc- 
tm c r p t u r v  detectors (pho to lon l t a t l on  detector 
optlonal) - capable of s u b a d e n t  temperature 
programing for  t h e  OVM 8nd s imultaneous opera- 
t l o n  O f  A 1 1  detecton, rrd w l t h  other gcIWr8lly 
S r n d r r d  ft8tuttS Such 8 S  g U  f1OW f ~ U h t o I S ,  

rutomtlc control of v a l v e s  ud I n t e g r a t o r ,  etc, 

M e 1  JMOA, wlth oven terprrtutt con t ro l  and 
Level 4 BASIC progrmmlng, or q u l v r l e n t ) .  

(-let P l C h f d ,  R t o  41m Avondrh,  PA 1nIlm 
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7 02 03.2 

7.2.3.3 

7.2-3.6 

7.2.3 -7  

7.2.3 .8 

7.2.3.9 

Chart  r e c o r d e n  - c a n p a t l b l e  w l t h  the detector uutpur 
s l g n a l s  t o  record  detector response  t o  the  sample. 
E l e c t r o n l c  I n t e g r a t o r  - compatible w l t h  the  dctcc- 
tor output  s j g n a l r  and capable  of l n t e g r r t l n g  the 
area of one  or more response peaks and c a l c u l r t l n g  
pcak areas c o r r e e t e d  for b a s e l i n e  d r i f t ,  
SIX-port gas  chrmatographic val vc - (Scirmgtrph Se 
vice Corp, Tul sa ,  OK, felscot Model VIII, or t q u i v a l t  
Cryogenlc t r a p  w l t h  temperature c o n t r o l  assembly - 
refer t o  Sectlon 10.1.1.3 for c a n p l e t e  descr lp t lon  o 
t r q  !!& temperature cont ro l  assembly (Nutech Corpor 

t l o n ,  2142 6eer St., Durham, NC 27704, Model 320-01, 
or q u i  val  ent)  . 
E l e c t r o n l c  mass f l o w  c o n t r o l l e r s  (3) - maintaln con- 
s t a n t  f l o w  (for carrler gas ,  n i t r o g e n  make-up gas an 
sample gas) and t o  provide analog output  t o  monitor 
flow a n u n a l l e s  (Tylan Model 260, kl00 ar?/min, o r  
q u i  va 1 e n t  ) . 
Vacuum pump - general  purpose l a b o r a t o r y  pump, CUPAD 

o f  drawing t h e  deslred sample volume through t h e  c ry  
oganic  t r a p  (see 7.2.1.6 f o r  source and desc r ip t i on )  
Chrma tog taph lc  grade s t a i n l e s s  s t ee l  t u b l n g  and s t a  
less steel p l u m i n g  f i t t l n g s  - r e f e r  t o  Sectlon 7.1. 
for desc r lp t l on .  
Chranatographic  column - t o  provide  capound  scp r r a t  
such as shown In Table 7. (Sewlett Packrrd, R t .  41,  
Avondatc, PA 19311, OV-1 c a p i l l a r y  colum, 0.32 
an x SO m w l t h  0-88 urn c r o s s l l n k e d  methyl s i l i c o n e  
c o a t l n g ,  or  q u i v a l e n t ) .  [Mote: Other columns 
(e.9.. OS-624) can be used as long as the system 

meets user needs, The wldcr  Hegabore. colum (i.e., 
0.53 nun I .Dm) I t  less s u s c e p t i b l e  t o  plugging 8s 
& r e s u l t  o f  trapped water, t h u s  c ~ l m l n r t l n g  the 
need for a Uaflon. dryer i n  t h e  analytical systcar. 
The Hegabore. colunn  has srmplc caprci ty approachin! 
t h a t  of 1 packed column, ubllc rctalning much of 
the peak resolution trrltt o f  narrower colunnt 
(Le.. 0.32 wn I.Dm)- 

4: , , 
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7.2.3.10 VacuuWprersure gauger (3) - refer to Sectton 
7.2.1.9 for description. 

7.2.3.11 Cyl? nder prrtrure stainless steel regvlrton - 
rtrndard, two-stage cyllndtr regulators v l t h  
pressure gauges f o r  hellum, zero a i r ,  nitrogen, 
rnd hydrogen gas cylinden. 

lapuritles and molttun frar gas streams (Hcwlett- 

60500, or  quivalcnt) .  

ex i t  flow from the 6C c o l m  (Alltech Assodater, 

#5839, or cqu!valent). 

7.2.7.12 6rt puriflen (4) - used t o  femve organic 

P l C h t d ,  Rt, 41, Avodate, PA. 19311, P/W 19362 = 

7.2.3.13 Low ckd-voluac tee 0 used t o  t p l l t  (SO/SO) t h t  

2 0 s  bfWkq8n Rb.. Deeriield, IL 60015, C 8 t .  

7.3 trnlster Cleanlng System (See Flgwe 7) 

7.3.1 

7.3.2 

7 03 03 
- 7.3.4 

7.3.5 

7.3.6 

7.3.7 

7 03 00 

7 03 .S 

Vacuum pump - -able of evacuating sample unlster(s) to 
an abroiutc pressure of G , f S  II iig. 

Manifold - rtrinlers steel runifold wlth connectlons for  
simultaneously clerrii ng several mniste m. 
Shut-off valve(s) - seven (7) on-off toggle  valves. 
Str lnt ts t  steel vacuum gauge - c a p b l e  of measuting vacum 
I n  tk manifold t o  an absolute pressure of 0.05 nm Hg or 
lest. 
Cryogenic trap (2 rqufred) - stainless steel U-shaped open 
tubular  t rap  toold d t h  l i q u i d  oxygen or argon t o  prevent 
contadnrtlon fran back dlffuslor  ol o i l  fraa vrcuun puop 
rnd  t o  prwl& clean. zero rlr t o  trrple unis ter(s) .  
Strlnless steel pressure gauges (2) - b 3 4 S  kP8 (0-50 prig) 
to aonitor zero rlr  pressure. 
Str ialets  steel flow control valve - t o  regulate f low of 
ze+o-.fr lato onfster(t). 
H d d l  f i e r  - pressurtrrb1e rrter bubbler contrlning hlgh 
prfonunca l lquid chrmtogrrphy (HPLC) g r a a  &lonited 
water or *her systea upable of provldlng motstawe to t t  
zero rl r supply. 
hotberut awn (opttonal) for heating crnltten (Flsher 

0 

Sclentlflc, Ntt*urgh, P S  Mode1 349. or  qJl-le*). 
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7.4 Cal ib ra t ion  System and Hanlfold (See Flgure 8 )  

7.4.1 C r l l b r a t l o n  manlfold - - g l a s s  laanlfold, (1.25 cm 1.0. x 66 un) 
with sarnpllng porfs and I n t e r n a l  b a f f l e s  f o r  f l o w  dls turbance  
t o  ensure proper mlxlng. 

7.4.2 Humldlfier - 5001mL lmplngtr  f lask conta ln lng HPLC grade 
deloni r td  water. 

7.4.3 Elect ronlc  mass flow c o n t r o l l e n  - one 0 t o  5 Urnin and 
one 0 t o  50 cm3/min (Tylan Corporation, 23301-1s Yllmington 
he . ,  Canon. CA. 90745, Model 2160, or  q u i v r l e n t ) .  

7.4.4 Teflon. f i l ter(s)  - 4741m Teflon. f l l t e r  f o r  par f l cu la te  
con t ro l .  k s t  source. 

8. Reagents and Materlals  

8.1 Gas c y l l n d c n  of helium, hydrogen, nitrogen, a d  zero alr = 

u l t r a h i g h  purl ty grade, best source. 
8.2 Gas cal i b r a t l o n  s t andards  - cy11 nder(s) contalnlng approxlmatcly 

i u  ppmv o f  eich t f  t!x % ? ? e d ~ g  r q m n d s  of f n t e r t s t :  .. I 

- -  
v l  nyl chl o r  i de 
vlnylidene chloride 
1 ,1 ,2- t r ichlo to- l  ,Z ,2- 

. t r i f l u o r o e t h a n e  
chl or o f  o nn 
1,2=di chl oroethane 
benzene 
to luene  
Freon 12 
methyl ~9 lor?de  
1 J-dl chloro-1 , lS2 ,2 - t e t r a f l  uoroethanc 
methyl b r a l d e  
ethyl chl o r  1 de 
Freon 11 
d i  chl or met h a m  
1 .l-dl c h l  oroethrnc . 
c l  sol ,2-dl chl oroet hy l e n t  
1.2-dichl oropropanc 
1 .1.2-trlchloroethane 

1,2-dlbrornocthane 
t e t r a c h l  orocthylcne 
chlorobenzene 
benzyl chlor ide  
hcxachl o r o = l  &butadiene 
methyl ch lo ro fom 
carbon t e t r a c h l o r l d e  
t r  i c h 1 o r  oc t  hy le ne 
c i  s-l,3-dichloropropenc 
t rans-  1.3-di chl oropropene 
ethyl benzene 
+xylene 
m-xy l e ne 
p x y l e  ne 
s ty rene  
1.1 .Z , 2 - t e t r a c h ~ o t o e t h r n c  
1.3 ,S-ttlmet hyl benzene 
1 ,2 ,4-t r lnuthy l k n z e n c  
m=dl chl o r o k n r e n c  
0-di ch l  o r o k n t e n c  
p-dl chlorobenzene 
1.2.4- t r IC h l  or o k  nzenc 



I 

T014-l8 

The cyllnder(s) should be traceable to r National Bureau of 
Stardardt (NES) Strrdrrd Reference Hatertat (SW) or to a NBS/EPA 
approved C e r t i f i e d  Reference U t e r i r l  (CRH). The cmponents n y  
be purchased In OM cyllnder or  a8y be SepIr8ted Into different 

- cyl~nden. Refer t o  u n u f a c t u n r ' ~  speciflcation for guidance on 
purchasing and nlxlng VOCt In gas cyllnden. Those canpounds 
purchased should match one's own trrget I ls t ,  

8.3 Crybgen - l lqu id  oxygen (bp -183.0°C), or l iquid argon (bp 

8.1 Cas purifiers - connrctd in-iinc kturen hydrogen, nftrogcn, rrd 
zero afr gas cylfnden rnd system inlet line, to remove aolstwe 
ard organic lmpurlties frw gas streams ( A l l t a h  Associates, 
2051 Ywttgan Road, Decrfleld, IL,  60015, or qulvalent). 

8.5 Deionlted water - hlgh prlormrnce 1iqUr.d chranatogrrphy (WLC) 
grade, dtr3hlgh purity (for  humidiflet), best  source. 

-185.7'C). b e t  SOWCC, 

" j 4 9 2 2 5  8.6 Cbramfluorokntene - uskd f o r  tuning CC-MS, b e s t  source. 
8-7 Hexane - for  clcanlno sraolln9 system caaments. reagent grade, 

best source. 
808 Methanol - f o r  cleaning srmplfng systca caaponentf, reagent grade, 

b e s t  source. 

9 ,  Sampling System 

9.1 System Description 

9,l.l fubrtmsphcrlc Pressure kmpling [See Figure 2 ( Y l t h o u t  ?!e! 1 
aeilom 7 m  pump); 
9.1.1.1 In preparation for  subatmospheric sample col lec- 

t lon  I n  r u n l t t e r ,  th canister 1s crrcurted t o  
0.05 ann lf9. UMn opened to the rtaorphen con- 
t a ln lm thc YOCS do k 8 8 q k d .  t h c  d l f f tnmI81  
pressure CUSCI tRe saaplr t o  f low ln to  t h e  an- 
Irter. T h l s  technique may be used t o  collect grab 

integrated samples (durrtion of 12 t o  24 hours) 
taken through 1 flow-restrictlve Inlet  (e,~.. 
mast flow controller. triticrl orlf lcr) ,  

S r n p l t r  (durrtlon O f  10 t o  30 SWOndS) Or t1#- 
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9.1.1.2 Y I t h  a ctl t lcal  orlfice flow r-ttfctor, there u i l l  
be a decrease I n  the f l o w  rate as the pressure 
approaches atmspherlc. However, w l t h  a mass f l o w  
control ler, t h e  tubatmosphcrlc tamp11 ng system can 
arlntaln a constant. flow rate frm f u l l  vacuum t o  

d t h l n  about 7 kPa (1.0 p r l )  or lets below rmblent 
pressure. 

9.1;2 Pressurized Sampllng [See Figure 2 (With Metal Bellows Type Pun 

9.1.2.1 Pressurfred sampll ng I s  used when longer-term tnte- 
~ r r t e d  smplts 9r hfaher vo1ume samoles are rqulted. 
The sample I s  col1ected I n  a a n l s t e r  uslng a pump 
and flow control arrangement t o  achleve I typlcal 
103-206 kPa (15-30 p s l g )  f l n a l  canlstcr pressure. 
For example, a 6-ll ter evacuated canlster can be 
filled a t  10 cm3/mIn for 24 hours t o  achieve a final 
pressure of  about 144  kPa (21 p r i g ) .  

9.1.2.2 In pressurlred canister sampl ing ,  a metal bellows typ  
pump draws i n  amient alr f r a  the sampllng nanlfold 
t o  f i l l  and .pressurize t h e  sample canlster. 

* .  
+ s  . , 

9.1.3 All Samplers 

9.1.3.1 A flow control d e v i c e  i s  chosen t o  ma ln t a ln  a constan 
flow I n t o  the canister over the deslred sample period 
Thls  flow rate Is determined so the canister Is f l l l e  
[ t o  about  88.1 kPa f o r  subatmospheric pressure sampl- 
ing or to about one atmsphere above a b l e n t  pressure 
f o r  pressurized s a m p l i n g )  over the deslred sample 
perlod, The f l o w  rate c a n  be calculated by 

where: 

F - f l o w  rate (on3/min). 
P - flnrl canlster pressure, atmospheres 

absolute, P I t  approxlmately equal t o  



3 2 4 0 2 2 6  

m14-20 

v volume o f  tnc unister (d). 
T = sample perlod (houn). 

For urmple,If 8 6 4  crnlster IS to be fllled 
t o  202 kP8 (2  rtmospheres) absolute pressure I n  
24 h o u n . ' t h  now rate a n  uIcu1rted by 

F = 2 x 6000 = 8.3 d A i n  
24 x 60 

9.1.3.2 For utomatlc operrtlon, the tlrrr I s  wlrd t o  s t &  
m d  stop t h e  pump 8 t  rgproprfrtc t l m o  fo r  the de- l r  
sample period. The t l r r r r u r t  also control the s Ic 

nold valve, open the  vrlve den  s t a r t f n g  the pum; 
rrd close the valve  when s topp lng  the pump. 

9.1.3.3 The use of t h e  Sklnner nagnelatch valve avoids rrry 
substrntirl tcmpcrrkre rise t h a t  would occur w i t  
8 conventlonrl ,  nOm811y closed solenoid valve t h a t  
would hrve to be trrwgltcd durlng the entire US--. 
prioa. ~ i w  temperatwe rise i n  tire rrive couir @ 
uuse  outgassing of organlc conpounds froa the V i - .  

valve seat rnatartal. The fklnncr Plagnelrtch 
valve rqut res  only r brief electrical pulse ts 
open or  close r t  the appropriate s t a r t  and s t o p  
t l n s  and therefore experlenccs no t m r a t u r c  
lncrarse. The pulses m y  be obtained elther 
r l t h  rn clactronlc t lnr r  t h 8 t  can be programmet 
f o r  short (5  t o  60 seconds) . ON perlods, o r  wltk 
I conventlonrl wchrnltrl t l r r  and 8 spc la l  
pulse d t c u l t ,  A slmple electtlcrl pulse clrcrdt 
for wrrtlng the fklnner  Mgnelrtch solenold vrl e 
with  I conventlonrl rcdrrniul tlrrr Is l l lustrrted 
In Flgura 9 ( r ) .  However, w i t h  t h l s  slaple clrcul . 
the  valve may oprrtr mrellably durlng brtcf 
power lntemptfons o r  1f the tfrrr i s  u n r r l l y  
swltchad on and off  too f a t ,  A better clrcult 1 - 
eorporrtlng 8 t l d e l r y  relry to proulde more 
tlrblr valve operrtlm i s  shown l n  Flg- 9(b). 
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9.1.3.4 The connecting llnes between the sample inlet and t h  
canister should be as s h o r t  as possible t o  minimize 
t h e i r  volume. The flow rate l n t o  the canister shoul 
remaln relatlvcly constant over the entlre sampling 
perlod. If 8 crlt lcal  orifice Is used, $me drop In 
t h e  f l ow  rate may occur near the  end o f  the sample 
perlod as the canlster pressure approaches t h e  f ina l  
calculated pressure. 

9.1.3.5 As an ogtlon, a second electronic tlmcr (see Sec- 
t i o n  7.1.1.6j may be utea t o  start the ruxi;:iry 
pump several hours p r lo r  to the sampllng perlod 
t o  f l u s h  and condltlon t h e  inlet llne. 

9.1.3.6 Prior t o  fleld use, each sampling system must pass 
a humid zero alr certiflcatlon (see Section 12.2.2). 
All plunblng shauld be checked carefully f o r  l eaks .  
The canlsters must a l so  pass a humid zero a lr  c c e l -  
f i c i t i n n  before use !see Section lZ.l;)e,*e, 

n *  

9.2 sampling Procedure 

9.2.1 The sample canister should be cleaned and tested according 
t o  the procedure In Section 12.1. 

9.2.2 A sample collenlon system i s  assembled as shown In Figure 2 
(and FIgure 3) and m u t t  meet cerflfication rqulrements as 
out l ined I n  Section 12.2.3. 
should k contained I n  an approprlate cnclosure.~ 

9.2.3 P r l o r  t o  locatlng the  sampllng system, the user may want t o  
perfonn oscrcenlng analysesm u s i n g  a portable 6C .system, 
as ou t l tnd  I n  A p p r d l x  8, t o  detemlne potent181 volatlle 
organlcs present and potent181 .hut tpafs.' The Infomatton 
gathered fraa the portable 6 t  screenlng analysls  would be 
used I n  devel opl ng I monl t o r i  ng protocol , rhl ch Includes t h e  

. Sampllng system locatlon, based upon the 'screening analysis. 
resu l t  so 

9.2.4 After .screening analysis,' t h e  srmpling system I S  located. 
Temperatures of ambient a l r  rnd slmpler box Interior are 
recorded on canister sampling f i e l d  dat I  sheet (Figure 10). 
fnotc: The fottodng discussion 1s relrted t o  F?gute 2.3 

[Note: The sampling system 
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.Z.S TO verify correct uapte flow. 8 .practice' (eyrcurtcd) 
canister I s  used I n  t h e  sunpl?ng systcn. [ l a t e :  For a 
subatuatpherlc smpltr, t h e  flow nrter 8 d  p r a c t i c e  un- 
ister are needed. Fir She pmp-dr lven  SYStca, t h e  pracflce 
c a n i s t e r  i s  not n e d e d ,  rs t h e  flow can  be measured a t  
t h e  o u t l e t  0)  the sptcnr.] A cet%lfled mast flm aeter 
I s  rttuhed t o  the i n l e t  l l n e  of the manifold,  j u s t  i n  
f r o n t  of the fllter. The c r n i s t e r  1s opened. The sampler 
1s turned on a d  the n d l n g  of the Ccrtlfied mass now 
mt:r !: :=*re:! ts t?z s,er=~?er C ~ S S  ??or ce~t-ller.  
The va lues  should a g r e e  w i t h i n  2102. If not.  the sampler 
mss flow meter needs t o  be recallbrrted o r  t h e n  i s  r 
'leak i n  the system. T h i s  should  be Inves t iga t ed  and 
corrected. [Note: Mass f l o w  meter read ings  may dr l f t .  
Check the  zero reading u r e f u t l y  rrd rdd of subtrrct t h e  
zero nrdlng when rerdfng or a d j u s t l n g  the sampler flow 
rate, tz cu~wmte f o r  any zero drift .]  After two a i n u t a -  
the desired c a n i s t e r  f low r a t e  Is a d j u s t e d  t o  t he  proper 
value  (as i nd i ca t ed  by t h e  cer t l f led  amst flow r t e r )  by 
t h e  sampler f low c o n t r o l  u n i t  c o n t r o l l e r  (e.9.. 3.5 
d / m I n  f o r  21  hr, 7.0 d / m l n  f o r  12 hr) .  Record f l n r l  
f l o w  under 'CAWXSTER FLOW RATE,' FIgure  10. 

9.2.6 The sampler i s  t u rned  o f f  and t h e  elapsed t h e  meter i s  
reset to 000.0. m e :  Any ti- thc sampler  Is turned 
off, wai t  at  least 30 seconds t o  turn t he  sampler back on. 

9.2.7 The m p r a c t l c e m  c a n i s t e r  and t e r f i f l d  a s s  flow meter 

- 

are disconnected and 8 c l e a n  certlfled ( s e t . S r c t l o n  12-1) 
t r n j t t e r  1s attubed t o  the systcr .  

9.2-8 The c r n l s t e r  valve and v a c u u d p r e s s u r e  gauge va lve  a n  open 1. 
9.2-9 P r u s u r a / v r c u u  I n  the u n l s t e r  1s recorded on the u n l s t e r  

t r r rg t lng  fleld data sheet ( F t g u r e  10) 8s l n d l c r t e d  by t h e  
sampler  vatuu/presrwe gauge. 

alnlaur themaeter Is reset to current temperatun. 

a n l s t e r  t r p l l n g  f le ld  at8 S W o  

9.2.10 the vacum/presture gauge v a l v e  it c h c d  the m ~ l m  

Of  day 8rd d8psed t h  .etet f'@8dlnQS 8lW = O d d  On T1w thr 0 
95.11 The electtm~t t lrr  1s set to b g l n  a d  stop tbe rugllq 

PMod at tb wpfOpff8- t1-e . S w I I m  C-CLI 8nd 
stabs bv thc WWPUWIE~ elecfronlc tlrcr. 
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9.2.12 

9.2.13 

9.2-14 

9.2 -15 

After the desired sampling perfod, t h e  maxlmum, m l n l m u m ,  
current lnterlor temperature and current amblent t ape r -  
rture arc recoded on the sampling f f e l d  da ta  sheet. The 
current readlng from the f l o w  controller Is recorded. 
A t  the end of the sampllng period, the vacuum/pressure 
gauge valve on t h e  sampler Is bt lc f ly  opened and closed 
6 4  the prcssurc/vacuum i s  recorded on the sampllng f i e l d  
da ta  sheet. Pressure should be close t o  deslred pressure. 
[Note: For a subatmspherlc sampling system, I f  the 
canlster Is a t  atmospneric pressure then the f f t i d  f l a i l  
pressure check Is perlormcd, the sampl ing perfod may be 
suspect. Th l s  In fo rma t ion  should  be n o t d  on t h e  sampl- 
Ing f le ld da ta  sheet.3 
meter readings arc also recorded. 
The canlstcr valve is closed. The sampling 1Ine Is d i s -  

connected from the canlsttr  and  the canister I s  removed 
frm. the system. Fnr a subatnospheric system, r ccrtl- 
fled mass flow meter Is once rgaln connccteff t o > t h c  i n-  
l e t  manl fo ld  i n  front o f  the In-llne f l l t e r  and a 'prac- 
tice. canister Is a t t a c h e d  t o  t h e  H a g n e l a t c h  valve o f  
t h e  sampling system. The f l n a l  flow rate Is recorded 
on the canister sampllng field d a t a  sheet (set Figure 
10). [Note: For a pressurfzed system, the flnri flow 
may be measured directly.]  The sampler Is tu rned  of f .  
An IdentIficatIon t a g  i s  attached t o  the canister, Can- 
ls ter  serfal number, sample number, locst lon,  and date 
are recorded on the tag. 

Time Of day and elapsed t f m e  

*' 8 d I I  ' 

10. Anrlytlcrl System (See flgutts 4,  5 rnd 6) 

10.1 System Dtscriptfon 

10.1.1 6C-%-SCAN Snt an 

10.1.1.1 The analyt ical  system 1 s  canprised of a 6 t  
q u i p p e d  w i t h  a mass-rcleblvt detector set 
I n  the SCAH mode (see Ffgute 4).  A l l  tons 
are sunned by the IS reptatedly during the 
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6c run, The system includct a Cooputcr and 
rpproprlate software for data acqulsitlon, 
6 t 8  rductlon, a d  data rworttng, A 400 
d a l e  rmple 1s eo1 lected from the u n l s t c r  
fnto the analytjcrl system, the sraple a i r  is 
fl nt parsed through 8 Waf lone dryer, through 
the b-port chtautogrrphlc valve, t h t n  routed 
i n t o  a cryogcnlc ttw. [Note: Whllc the 
CC=aultldetector rrnrlfllcrl systea does m 
caploy a Wallon. dryw for dryfng t h e  smplc 
gas swem, i t  i s  used here because the 6C-6 

far t - - z  urrrltlw to ucess ive  moisture than 
the 6C-m~ltldetactor rnrlytlcrl rytan ,  nois- 
tutc  u n  d w n e l y  sffect detector prcclrion. 
The W8ffone dryer 8tso prevents frcerlng of 
Irolsl're on the 0-32 an I,D, c o l m ,  whkh cay 
cause colurn b l o c k a ~  and possible btrrka?e.] 

8nd the. rnrlyte 1s Injected onto the W-1 cap- 
11lrry column (0-32 m x 50 m). [Note: Rr?id 
hertlnp o f  the t t r p  provldes efficient trrnsfer 
O f  the srlrple carponents onto the gas chtanrto- 
grrphic colunn,] Upm srnple lnjectlon onto 
the ~011111. the I6 cmputer Is signaled by 
the 6C conputat to begln dcteetlon of  empounds 
mich elute fran the c011111, fhe gas stream 
tra the 6C I t  runnod d t h l n  a preselected 
range al r-ic mart mlts (mu), For &tee- 
tlon o f  ta~poundr l n  fable 1, the range should 
be 10 t o  250 1111, resulting l n  a 1,s tlz rgctl- 
tlon rate. 31x (6) suns p r  eluting chraarto- 
mrghlc pWk 8fW pfwldrd I t  t h l t  rate, 
10-19 h r g a t  p 8 k S  8m choun by 8n 8Utmttd 

Sfit-  I r t l 1 l Z a  8 'Irfsr Srnple VOlUar 8nd 1S 

a th8 W8p 18 k8tcd (-160°C t0 12OoC ill 60 Sac) 

data reduction program, thr three scans mare 

traction i s  perlomad. A library search4r the .  
p e r f o r a d  8nd the tap taI b a t  uUhm for each 
mJt are  llsted. A qtlrlitrtlw d r ~ c t e r l z r t l o  

tb8 8WJt 8m 8VWl98d. 8nd 1 brcLwolrad t 
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o f  the sample f s  provided by t h i s  procedure, A 
t y p i c a l  chrunatogram of VKr determined by CC-W 
SCAN i s  i l l u s t r a t e d  I n  FIgure l l ( a ) .  

10.1.1.2 A Nafion. permcable meftbranc d r y e r  Is used t o  
remve water vapor  s e k t f v c l y  frun the sample 
stream. The permeable menbrane consists of  
Naf ion. t ub1  ng ( a  c o P O 1 p r  of t e t r a f l u o r o e t h y l e  
and  f1 uorosul fonyl mnomcr) t h a t  1 s coax1 a l l y  
n n u n t d  u i t h l n  l a m e r  tublng.  The sample s t tem 
i s  passed  through t h e  I n t e r i o r  of the Nafion. 
t u b i n g ,  a l l o w i n g  water (and other l i g h t ,  p o l a r  
canpounds) t o  penneate through t h e  walls i n t o  a 
dry a i r  pu rge  s t ream flowing through the annular 
s p a c e  between the  Naf ion* and o u t e r  tub1 ng. 
[Note: To prevent excess ive  mo l s tu re  build-up 
8nd any memory effects i n  t he  d r y e r ,  a clean- 
up p rocedure  invoiv ing  p e r i o d i c  .heating of t h e  
dryer (100’C f o r  20 minutes )  while purging with 
dry  zerb a l r  (500 cm3/mln) should be Implcmentec 
a s  p a r t  o f  t h e  user’s SOP manual. The clean-up 
procedure  Is repea ted  d u r i n g  each a n a l y s i s  (see 

S e c t i o n  1 4 ,  reference 7 ) .  Recent studies have 
l n d i c a t c d  n o  s u b s t a n t l a l  loss of t a r g e t e d  
V a s  ~ l c  $1 : z i  ng tt;2 &=;e c?aen-up procedure 
(7).  Thls  c l eanup  procedure Is p a n 4 c u l r r l y  
usef  u l  when employ1 ng cryogenic  p reconcen t r a t l o r  
of VOCs d t h  s u b s q u c n t  G t  a n a l y s l r  using a 

0.32 am I.D. column because excess rccumutated 
water can cause t r a p  and column blockage and 
also a d v e r s e l y  affect  detector p rcc l s ion ,  
In r d d l t i o n  , t he  improvement I n  water removal 
fran t h e  sampling s t ream wlll a l l o w  ana lyses  
o f  much l a r g e r  votumes o f  sample air I n  t h e  

e v e n t  t h a t  greater  system r e n s l t l v l t y  I s  
r q u l  red f o r  t a r g e t e d  canpounds .I 

. . .I 3 ’  . 
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10.1.1.3 The packed rctrl tubing used for nduced tes 
pcrrture trapping o f  V a s  i s  rho- I n  Figure 
The coollng unit 1s canprlsed Uf 8 0.32 ea out- 
ti* diameter (0.0,) nicke l  tublng loop prctcd 
u l th  6&a mesh Pym. b e d s  (Nutech H o d e l  
320-01, or equlV8lmt). The n l c t t l  tublng loop 
1s wound Onto 8 CylfndrlC811~ f O w  t u k  kit1 ' 

(250 watt). A u t t r f d g e  heater  (25 w a t t )  i s  
srrdrriched between pieces of rlualnur plate 
a t  the t rap M e t  and out le t  t o  provide add+ 
",!anal haat % rlishatr :e?d :%:: it. t,b 
t ransfer tubing. Durlng operrtlon, the trap 
Is Inside r two-sectlon s t r l n l e t r  steel s k 1 1  
h l c h  I t  we11 1n~U18tcd. Rrpld heatlng 

dlrect themrl c o n t r a  between the heater 
and the trap tubing. Cooling I t  rchleved by 
r r p r i t t f k n  c i  :hc crpgan. 
ef f lc lcr :  
Is fac i l i t a ted  by canflnlng the  vrporlzed 
cryogen to the smal'l open volume Surrounding 
the t rap rssenbly. The t rap rsscnaly and 
Chraartogrrphic valve are nounted on r 
brseptrte f l t t e d  I n to  the InJcctIon and 
u x l l l a r y  tones o f  the 6C on rn  ln ru l r t cd  
pad d l rec t l y  above the coluum oven when used 
d t h  the Htwlett-Prckard 5880 6C. [Note: 
A l temr t l ve  trap rrreably and connection t o  
the 6 t  my be used dependlng upon user's 
requ1raunts.j The crtr ler gar l l n e  1s con= 
nected t o  the in jec t ion e d  of the r n r l y t l c r l  
column with I trro-dcrd-votu# f l t t i n g  that  1: 
usal ly  held I n  the heated zone &me the 6C 
oven. A 15 a x 15 a x 24 em rltminvr box 
I t  fltted over the s q l e  hrndllng dements.  
to caaplete the packam. Vrporlred cryogen 

Is vented through tbe top o f  the  box. 

(-150 t o  *10O0C fn 55 S) 1s rccampllshtd by 

a 1.1 the she:!, 
:oling (+120 t o  -1SO.C I n  225 t) 
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10.1.1.4 As A n  option, t h e  analyst may w l s h  to split  
the  gas stream exltlng the column w i t h  A 

low &ad-volume t ee ,  prrtlng one-third 
of the ;ample gas (1.0 nL/min)  to the mass- 
select ive detector and the rmainlng two- 
thlrds (2.0 n l / m l n )  through A flame 
ionizat ion detector ,  a t  I l lus t ra ted  as an 
option i n  FIgure 4. The use of t h e  s p c i f l c  
detector (U-SCAN) coupled w l t h  the non- 
spec1 f l c  detector  (FID) enablts enhancement 
o f  data acquired from a single rnalysis,  In 
par t lcu lar ,  the FID provldes the user: 

o Semi-real tfme picture of the progress 
of the analytlcal scheme; 

o Confirmation by the concurrent IS 
analysis  of other labs t h a t  can provide 
only FID resul ts ;  and 

analyt ical  laborator ies w i t h  only GC- 
F f D  capabil 1 ty. 

0 AUI b L J * I a . .  I I CJ 6-  bU b W U p Q 4 C  -----e P P - r T k , ' d + h  Yc I &u. q?p** .  .I-..-. 

10.1.2 GC-W-SIM System 

10.1.2.1 The analytical system Is canprlscd of A GC 
q u i p p e d  w i t h  an OV-1 caplllary column (0.32 m 
x 50 m) and a mass-sclcctlvc detector s e t  i n  
the SfM mode (see FIgure 4 ) .  The 6C-6 i s  
s e t  up f o r  automatlc, repct l t lvc anrlysis. 
The system I s  programed t o  acqutrt  data f o r  
only the t a q c t  conpounds and t o  disregard 
a l l  athers, The rensi t lvi ty  Is 0.1 ppbv for 
a 250 an3 a ~ r  sample with analyticrl  precision 
of  about 52 re la t ive  standard dcvirtlon. Con- 
ccntratlon of  canpounds based upon a prtvioust: 
Ins ta l led  cal ibrat ion table I t  reported by an 
rutmated data reductton program. A Nafion. 
dryer I t  a l so  employed by t h l s  mr ly t i ca l  rys- 
teni prior t o  cryogeni c preconctntratton; there 
fore, many polar cwpounds a re  nut IdcntifIcd 
by t h l r  procedure. 
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10.1.2.2 SIP! analysis 1s brred on a comblnrtion of ret 
tion t i res  and relative rbundrnces of selected 
Ions (see Table 2). 
on the hrtd cisk of t h e  C C - 6  camputer and rre 
r p p l l d  for I d e n t ~ f ~ c ~ t ~ o n  uf each chranato- 
grrphlc pak. The retention time qualifier i s  
detedned t o  k 20.10 ainute of the Ilbrary 
retentlon t l m t  of the conpound. The acceptrncl 
level f o r  relative rbundance I s  drtemined t o  

q d W e o  are storc': 

k = i S I  of  thc c x p c t d  otiindance, a x t 4 t  i e t  
rlnyl drlorldt and rrthylenc chloride, rhlch 
i s  detcmlned t o  k 2 251. Three ions are mea- 
sured f o r  most of the forty campounds. Wen 
canpound iden t i f i c r t ton  t s  8rde by t h e  cunputer, 
any peak tha t  fails any o f  the qualifylng test 
1s f\rgged (e.g., d t h  an *). 
should be manually exrrined By the analyst 
to deternine the reason fo r  the f l a g  and 
whether. t he  cmpound s k u l d  be reportel as 
found. Uhlle t h i s  adds smc subjective 
Judgment t o  thc rnrlysis, cmputercgenerattd 
identificrt4on problems can be clrrffled by 
an experienced operator. Manual lnspectlon 
of the qurntltrtiv8 results should also be 
perfonaed t o  verify concenttattom outside 
the upcted range. A typlcrl  chrmatogrrrn 
~l vat detemind by 6t-ns-sin a d c  i s  
Illustrated In Flgme l l ( b ) .  

A11 the d8tr 

CC-Multldetectar (CC-FlD-ECD) Systan wlth Optional PID 

10.1 03.1 



I s  vented t o  t h e  atmrphert. fub-ambient 
pressure canls tcn arc connected dlrectly t o  
the Inlet. The sample gas stream Is routed 
t h r o u g h ' i  s i x  port chranatographlc valve and 
into the cryogenic trap for a total  salnple 
mlum o f  490 ana. [Mote: This represents a 
14 mlnute  sampllng perlod a t  a rate of 35 
cn?/mIn.] The trap (see Sectlon 10.1.1.3) 
1s cooled t o  -1SO.C by controlled release of 
a cryogen. V a s  and SYOCs are condensed on 
tire t rap  surfact whlie +, C2, o i i  t t t i e t  t;;=p?e 
cunponents are passed t o  the pump. After the 
organic canpounds are concentrated, the v a l  ve 
Is switched and the trap i s  heated. The revola- 
t l l l ted  capounds are transporttd by helium 
carrler gas a t  a rate of 4 cm3/min t o  the 
head of  t h e  Hegabore. OV-1 capillary column 
(0.53 nnn x 30 m). Since the colum in t t ia l  
temperature Is a t  -50.C. t h e  VKi' and SVWr 
are cryofocussed on the head of the column. 
Then, the oven temperature Is programmed t o  
Increase and the VOCs/SYOts In the carrier gas  
are chranatographlcal ly  separat ed. The carri er 
gas conta in ing the separated VOCs/SVOCs Is then 
directed t o  two parallel detectors a t  a flow 
rate of 2 d / m i n  each. The detecton sense 
the presence of the speciated VOCs/SVOCt, and 
t h e  responsr Is recorded by e?ther a strip 
chart recorder o r  a data processing un l t .  

10.1.3.2 Typlcal chraaatograms o f  VOCt  determined by 

t h e  6C-FID-ECD an&lytical system are illus- 
trated In Flgurer l l ( c )  and l l ( d ) ,  respectively, 

10.1.3.3 Heltum Is used as t h e  carrier gas (4 d h t n )  
t o  purge resldual r l r  from the trrp a t  the 
end of  the rampllng phase 8nd t o  carry the 
r e v o l r t l l I t e d  VOCr through t h e  Megabore. 
6C column. Moisture 8 d  orQ8nic lnrpuritles 
are r-ved from the heMm 98s Strt8r by I 
chemical p w j f f e t  lm*dW f n  t)n 6C (see 



3 2 4 0 2 3 1  

8 

Section 7.Z01.11). After u l t l n g  the OV-1 
Hegabore. coIuam, the urrler gas stream i t  

spl i t  to t h e  two &tee ton  a t  fates of 2 

1O0lO3A 68s scrubbers contrlnlng Drlerlte. o r  s i l l ca  
gel and SA uoleculrr slew are used t o  remove 
mlsturc and org8nlC Inpurlties fram the zero 
a i r ,  )Wdtogen, and nitrogen gas streams. [Note- 
Purity o f  gar purlffen 1s checked p r io r  t o  use 
by pasting humid rcro-air through t h e  gar purlflcr 
and analyzing rccordlng t o  Section 12,2.2. J 

A l l  t ub lng  used fo r  the system should be chro- 
matographic grrde S t 8 l  n 1 e S  steel connected 
wl th  strlnless steel -f l t t ingr. After assembly, 
t h e  system should  be checked for  leaks accord- 
Ing t o  inrnufacturer's s p c i  flcrtions. 

up), rrd h e l l u a  ( ca r r l t r )  f l o w  rates should 
be set  according t o  the manufacturer's Inrtruc- 
tlons to obtaln an optimal FiD response while 

u i n t r l n l n g  r stable flame throughout the rna ly  
sls. Typical flow rates are: burner alr, 450 
d / m l n ;  hydrogen, 30 a d l m l n ;  nltrogen, 30 
w?/mln; helium, 2 cn?/mln. 

10.1.3.? The ECD nitrogen make-up ga t  and helium c8rrier 
f low rates should be set  according t o  mnufrc- 
k r c t ' t  Instructions to obtrin rn optlarl ECD 
response. Typlcrl f l o w  rates are: nitrogen, 
76 d / a i n  and helium, 2 d / m i n .  

10.1*3.8 The 6C-FID-ECD could be modifled t o  include a 
PI0 (see Flgure 6) for Increased tensltlvlty 
(20). In the photoion~rat~on process, 8 mole- 
C u b  1s fonlted by u l t r r r ~ o ~ c t  l ight  8S fo l l on  
R + hv 4 R + e-, t h e n  R+ I s  the lonlted sr 
and 8 photon I s  represented by hr, wlth energy 
less than or  equal to the lonl t r t tor  potential of 

d / d n  k h ,  

1 0 ~ 1 . 3 0 ~  A l l  l l n e s  should be kept 8S short  as prrctlcrl.  

a e m  * - C 1 I  b .  
~ u . 4  .sou 'UDS r Au u j r f i ~  r t r  , t i G i t F f i ,  iiititsii ( ~ i t t -  

a 
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tk molecule, Centrally a11 spccles w i t h  an 
lonizatlon potent1 a1 less t h a n  the  lonirrtlon 
energy o f  the  ?amp a re  detected. Because the 
IonIration patent1 a1 of a l l  major components 
of  air  (02, W2, -, eOz, and H2O) IS greater 
than the IonIration energy o f  lamps In general 
use, they are not detected. The sensor IS 
cmprlsed of an argon-fil led, ultrivlolet (W) 
l i g h t  source where a portlon of the organlc 
vapots are  lonlzed In  t h e  gas stream. A pair  
of  electrodes arc contained I n  1 chamber adja- 

cent to  the sensor. Yhen a positlve potentlal 
1s app l l ed  t o  the electrodes,  any Ions formed 
by the absorption of W l i g h t  are driven by 
the created e lec t ronic  f l e l d  t o  the cathode, 
and the  current (proportional t o  the organic 
vapcr covcntrstfcn) I s  measured. ,!e P I D  
IS general 1y usee for  canpounas iraviilb' .;;it;- 

r a t i o n  potent ials  less t h a n  the ratlngs of 
t h e  u l t rav io le t  lamps. This detector i s  
used f o r  determination of most chlorlnated 
and oxygenated hydrocarbons, a rmat lc  
compounds, and h i g h  mlecu la r  welght  aliphatlc 
canpounds. Because the P I 0  I s  lnsensit lvt  
t o  methane, ethane, carbon mnoxi de. carbon 
dioxide, and water  vapor,  I t  Is an excellent 
detector. The electron volt r a t l n g  Is applied 
specIf lcal ly  t o  t h e  wavelength o f  t h e  most 
Intense mission 14ne of t h e  lamp's output 
spcetrum. Some canpounds wl t h  lontratlon 
potcntlalr  above the  lamp ratlng can s t l l l  
be detected due to the prcsencc @f tmll 
quant l t les  o f  mrc Intense 'light. A typical 
system conf lguratlon assod  ated 4 t h  t h e  
GC-FID-ECD-PID Is I l l u s t r a t ed  In FIgurc 6. 

Th$t system I t  current ly being used In EPA'r 
FY-88 Urban A I  r Toxl cs Honl tor1 ng Program. 

b 



a 10.2 6C-RS-SCAW-SIM Sfitan Performance Crlterla 

10.2.1 6C-K System Opera t ion  

10.2.1.1 Prlor & analysis, the 6C-CO system i s  u s e h h  I 
and checked 8ccord lng  t o  m n r f a c t u n r ' s  1 r n t r 1 ~ ~ -  
tlom. 

10.2.1.2 Table 3.0 o u t l i n e s  general  o p c r r t l n g  condltiott 
for t h e  CC-PS-SCAN-SIM Sfit-  w l t h  opt tonal  FID. 

10.2.1.3 The 6C-K t.ystm IS fl-t chal lenged w l th  humla 
terr It (see k c t l o n  11.2.2). 

10.2.1.4 Trbb -,-US and op t iona l  FID system 1s rcceptibl 
If i t  c o n t r l n s  less t h a n  0.2 ppbv of  targeted 
vat. 

10.2.2 Dally 6C-)lS Tunlng (See f l g u r e  13) 

10 02 02 01 

10.2.2.2 

10.2 2.3 

1002.204 

A t  t h e  k g i n n f n g  of erch dry o r  p r l o r  to a 
c a l t b t r t l o n ,  t h e  6C-)(s sys t an  must be tuned t o  

For t un lng  the  6C-%, a cy'linder contalning 
4-bromof luorokntcnc  I s  introduced v i a  a 
sample loop valve  i n j c c t f o n  s y s t ~ .  [Mote: 

t h l s  process.] The key Ions and i o n  abundance 
cr l t rr la  t h a t  must be met arc Illustrated fn 
Table 4. Analysis should nof begin u n t l l  
al l  those crlterlr are met. 

assess 6C cotun p e r f o m n e e  (chraartogrrphlc 
check) rrd as a n  t n t e r n a l  standard. Obtain a 
backgtound c o r n d l o n  IUS spectra of 44roao- 
f l u o r o k n t e n e  and check that a l l  key Ions crl- 
trrlr are aet, If the ctitcrlr a n  not rchleved, 
the analyst r u s t  retune the mass rpectrmeter nd 

The perloru= c d t t d r  r u s t  be rchteved be. 
any sauples. blanks or standards an analyzed. A 

f- SfitUllS allow 8UtO-tUdng t o  faCllftAtt  

T k  CC-= tuning Strrdrfd CWld 8ISO k used t ,  

v a t  th t m t  Untt'1 rl'l C d t W l 8  8n 8Chm 
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any key I o n  abundance obsewed f o r  the da i ly  4- 

bromofluorobenzene mass t u n f  ng check d i f f e r s  by 

more t h a n  a b s o l u t e  &undanct  fran t h a t  o b s e n  

d u r i n g  the  prev ious  d a l l y  t u n i n g ,  t h e  i n s t m m c n t  
mus t  be re tuned o r  the sample and/or  c a l l b r a t i o n  
gases reana lyzed  u n t l l  t h e  abovt  cond l t fon  i s  me! 

- 

10.2.3 6C-6 C a l i b r a t i o n  (See Flgure 13) 

[Note: 
I l l u s t r a t e d  i n  F i g u r e  13.1 
10.2.3.1 

I n i t i a l  and r o u t i n e  c a l l b r a t l o n  procedures  are 

I n i t i a l  C a l l b r a t i o n  - I n l t l a i  i y ,  a m u h i p o i n t  dy. 
namlc c a l l b r a t i o n  (three levels p l u s  hurnld z e r o  
a i r )  Is peflonned on the CC-MS system, k f o r e  
sample a n a l y s i s ,  w i t h  t h e  a s s i s t a n c e  of a c a l i b r .  
t l o n  system (see Figure 8). The c a l i b r a t i o n  sys. 
tam uses NBS t r a c e a b l e  s t a n d a r d s  or NBf/fPA UZMs 
I n  p r e s s u r i z e d  cylinders [contq ln lnq  a mixture 
cf the *,:!y!tr?! V K c  et, nmina l  cancen t r a t l ons  o 
10 ppmv I n  n i t rogen  (Sec t ion  8.211 as working 
s t a n d a r d s  t o  be dI lu t ed  w i t h  humid z e r o  air. Th 
c o n t e n t s  of  t h e  working s t anda rd  c y l l n d t r ( s )  are  

metered ( 2  cm3/rnin) I n t o  the  heated mixing &am 
where they a r e  mixed w l t h  a P-L/mln humidified 
zero air gas  s t r eam t o  achleve a n a l n a l  10 ppbv 
pcr compound c a l l b r a t l o n  mixture (see Figure 8).  

T h i s  nunlna l  10 ppbv Standard mix ture  i s  allowec 

C d  .. * S  

t o  flow and q u i l i b r a t e  for a mlniwrm o f  30 min- 
utes. After t h e  e q u i l i b r a t t o n  perlod,  t h e  gas 
Standard mixture  f s  sampled and r n r l y t e d  by t h e  
real-time 6C-nS system [see F i g u r e  8 ( r )  and Sec- 
t lon 7.2.lj. The r e s u l t s  o f  the ana lyses  are 
~vefaged,  flow i ud f t s  art pcrfonned on t h e  aass 
flow =ten  and the u t c u l a t e d  concentrrtion CQ 

pared t o  genera ted  values.  After the GC-IS i s  
-calibrated a t  three concen t r a t i on  l e v e l s ,  r scci 
humid zero alr  sample is prssed through t h e  sys 
and r n a l y t e d ,  The second humid zero air  test 1. 

used t o  verify t h a t  t h e  6C-)(5 system IS c e r t i f l  
clean (less *than 0.2 gpbv df trrget cappourtdt), 
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As r n  rlternrtlre, 8 m u l t i p o i n t  humid s t a t i c  
crllbrat4on (three levels p l u s  Zero humld a i r  
can  be pefloraed on t h e  6C-MS system. During 
t h e  hmtd strtlc c a l l b r r t l o n  anr ' l f ie t ,  three 
(3)  SUM. p r t r i v r t e d  u n i s t e n  are f i l l ed  
erch a t  I d l f f e n n t  concen t r a t lon  k t w e e n  1-20 
ppbv fraa the u l 1 b r a t l o n  manifold using r 
pump rrd mass flow c o n t r o l  arrangement [see 
Flgure 8(c)]. The u n l s t e n  are then  d t l t v e r e c  
to t h e  C C - 6  t o  s e w  8s c r l i b r r t i o n  t t r n d r r d s .  
The u n i s t e m  are rrrriyted by the WS i n  the 
SIX .ode, erth r n r l y r e d  twice. The expected 
r e t e n t i o n  ti- and i on  rb~nd8nCe (see Table 
2 r n d  T a b l e  5)  rre  used t o  verlfy propcr opera. 
t i o n  of the 6C-HS syttea. A u l l b r r t l o n  re- 
sponse factor  1s determined for each rnrlyte, 
8 S  t l l u s t r r t e d  i n  T r b t  5, and t h e  cmputer 
ci??brat!an table I s  updated wi th  t h i s  i n fo r-  
mation, 1s 1 1 1 u s t r r t e d  i n  Table 60 
Routine C r t i b r r t f o n  - The 6C-K system I s  crl- 
lbrrted dally (and before sample r n r l y s i r )  w i t . .  

ul 1 brrted e l  ther ui t h  the dynamic a 1  1 b r a t l o n  
procedure [see Figure 8 ( r ) ]  o r  with 8 6-L SJW0 
p r s s l v r t e d  u n f s t e r  f i l l e d  w i t h  h i d  u l i b r r t  y r  

s t a n d a r d s  from t h e  c a l l b r r t l o n  u n i  fol d (see 
k d l o n  10.2.3.2). After the s l n g l e  point crl - 

a 
8 one-potnt C8IIbtatIOn. The 6C-6 system I S  

b r r t l o n ,  t h e  6C-6 r n a l y t i c a l  system I s  c h a l l c ~ g r  
wi th  1 h i d i f l e d  zero gas s t r e a n  t o  i n s u r e  tP 
a n a l y t i c a l  system r e t u r n s  t o  s p e c i f i u t i o n  ( l e  I 

t h a n  0.2 ppbv of selective o q a n l c s ) .  

10.3 6 C m E c D  SyStem Parfowancc Crftteda (itlth Optlonil PID f y s t e r  - 
. (See F l g u r e  14) 

10.3.1 Hwld Zero A l r  C e r t l f l c r t i o n  

0 10.3.1.1 Before system crllbrrtion and smple r n r l y s  
the Cf-FID-ECO rnalytlcrl system 1s 8 S S U b h O  

db@Clwd UCOrdl~  t0 uNfrcflJr@r'S ~ I S ~ C t ~ O t B  



10.3.1.2 The GC-FID-ECQ sys tn  I S  f i rs t  ch81lenged wl th  

toral.  
10.3.1.3 Ana ly t f c r t  systems contaminated w i t h  less t han  

0.2 ppbv of  targeted VOCs are acceptable ,  

. humid zero . -- a i r  (see Sec t lon  12.2.2) AM m n b  

10.3.2 GC Retent lon  TIme Yindowr De temina t ion  (See Table 7) 

10.3.2.1 Before mdyyrIS can  k pct foncd ,  t h e  r e t e n t l o n  
time wlndows mus t  be established fo r  tach 
anal ytc . 

10.3.2.2 Hake s u r e  the GC system I s  wl th ln  o p t l m m  
o p e r a t i n g  condi t ions .  

10.3.2.3 Hake three i n j e c t f o n s  of t h e  s tandard contain-  
l n g  a l l  canpounds for r e t e n t i o n  t l m t  window 
d e t e n n ~ n r t i o n .  [Nott: The r e t e n t i o n  tlm 
window must k ertabllshed for each a n r l y t e  
trtty 72 hzuts lu t?n? C!X~!PUO~J~' gpt ra t ton . ]  

10.3.2.4 C a l c u l a t e  the Standard dev ia t ion  o f  t h e  three 
absolute r e t e n t l o n  tfms for each s l n g l c  con- 
ponent s t anda rd .  The r e t c n t l o n  d n d o w  i t  

def ined  a t  the me8n p l u s  o r  minus three t i m e t  
the s t a n d a r d  dev ia t ion  of  the ind iv idua l  reten- 
t l o n  t lms for each Standard. I n  those cases 
h e r e  t h e  Standard dev ia t ion  f o r  A panicu'lrr 
s t anda rd  Is ze ro ,  the l abo ra to ry  must substi- 
tute the  s t r n d a r d  dev la t lon  of a c l o s c t y -  
e l u t i n g ,  Slmllir compound t o  develop 8 v r l f d  
r c t c n t l o n  tlmt dndow. 

10.3.2.5 The laboratory must cal culate r e t e n t i o n  tlac 
wlndorn for each  s tandard  (see Table 7) on 
each 6C co'lunm, whenever 8 new 6C colunm 1s 
lnstrllcd o r  when major components of the 6C 
are changed. The d a t a  must be n e e d  8nd r e  
t r i n e d  l n  8 notebook by t h e  trboratory 8s 

p r t t  o f  the user SOP and IS. 1 q u r l l t y  r s t u r r n c c  
check of the r n r \ y t l c r \  system. 
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10.3.3 6C Ca1 i b r r t i o n  

[Note: Inft.!s1 ald  rwt!ne ~ a l i b t 8 t l O n  pmcedurct are 
lllurtrrted I n  F l q u r e  14.1 

10.3.3.1 I n l t l r l  C i l l b f8 t lOn  - I n i t i a l  ly, r c u l t l p o i n t  
dynrmlc c r l l b r r t l o n  (three l e v e l s  p lus  humid 
rem ai r )  1s p r l o r v d  on the 6C-FID-Et0 sys- 
tra, before sample mrlyslr. d t h  the usltt-  
r n c t  of a u l l b r r t l o n  system (see Flgure  8). 
The c 8 l l b r a t I o n  systm uses W B S  t r a c e a b l e  
strdards or W83/LPA UMs I n  pressurircd 
c y l i n d e r s  [cont r ln lng  a mixture  o f  t h e  
targeted VoCs rt  naninrl  concen t r a t ions  of 
10 ppav I n  n i t rogen  (Sect ton 8.2)J IS working 
Strndrtds to be dllated w i t h  humld zero air.  
The c o n t e n t s  of  t h e  working St8ndatd c y l l n d e n  

r i x t n g  cnamer mere tney are mixed w i t n  a 
Z-L/min humidified zero a i r  ttrcaa t o  achieve 
r naa lna l  10 ppbv pr canpound c a l i b r a t i o n  
a l x t u r e  (see Figure  8). Thls nunlnr l  10 
ppbv s t anda rd  a l x t u f e  I s  allowed t o  f low rnd 
qufl ibrr te  for  an rpptaprlrtc rmunt of 
tlm. After the q u l I i b r r t i o n  perlod, t h e  gar 
Strrdrrd a l x t u r e  1s sampled and 8nr ly red  by 
the 6C-IS system [see Figure 6 ( r ) l .  the 
r e s u l t s  o f  the r n r l y s e s  are averaged, f l o w  

ten used t o  gene ra t e  the ttrrdrrds a d  the 
a p p t o p r l  ate response facton ( concen t r r t l on /  
r n r  c o u n t s )  an c r l c u t r t e d  for  crch canpound, 
8s l l t u t t r r t e d  I n  Table 5. [Note: 6GFIDs 
a n  l l n c r r  I n  t h e  1-20 ppbv r a n g e  and u y  
not require nperted u l t i p o f n t  crlibra- 
t l o n s ;  atwnrr, the CC-EQ) wlll requlm 
freqmnt l l n e r r l t y  evr1urtlon.J Table 5 out- 
tfnes typtcrt crllbrrtlm response freton 

8:e ?.tirt+ !? C d h f n )  I n t o  t h t  hertad 

0 

8UdltS 8n p r f O m e d  On t h e  l 8 S S  flow Control- 
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and retentlon tlms for 40 V K s .  After the 
6C-FID-ECD Is callbrated a t  the three concen- 
t r a t i o n ~ l e v e l r ,  a second humid zero a i r  sample 
Is passed through t h e  system and analyzed, The 
second humid zero 
t h a t  t h e  CC-FID-ECD system 1s  cer t l f led  clean 
( l e s s  t h a n  0.2 ppbv of target  canpounds), 

10.3.3*2 Routlne Callbratlon - A one p o l n t  cal lbrat lon 
1s perfonned dal ly  on the rnalytlcal system t o  
ver l fy  the I n i t i a l  multipoint ca l lbr r t lon  (see 
Sect ion 10.3.3.11. The analyzers (GC-Flb-€CD) 
are c r l lb ra t ed  (before sample analysis) usl ng 
t h e  s t a t i c  cal lbrat ion procedures (see Sectlon 
10.2.3.2) Involving pressurized gas cylinders 
contalning low concentrations o f  the targeted 
VOCs (10 ppbv)  i n  nitrogen. After  callbration, 
humid zero a i r  Is once again passed th rough  the 
~ ! ! g ~ p ~ ! ~ ~ l  system t n  vcr l fy  r e s idua l  VoCs a re  

n o t  present, 

t e s t  Is used t o  verify 

' .  

10.3.4 GC-FSD-ECD-PID System Performance Crlteri  a 

10.3.4.1 As an opt ion ,  t he  user may wish to Include a 
photoionizatlon detector (PID) t o  a s s i s t  In 
peak Ident i f ica t ion  and increase s c m i t l v l t y .  

10.3.4.2 Thls  analyt ical  system I s  presently k i n g  used 
In U,S. Environmntai Prutectfon Agency's Urban 
A i r  Toxic P o l l u t a n t  Program (UATP). 
Preparatlon of the Gt-FID-ECD-PID analytical 
system I t  fdentical t o  the 6C-FID-ECD system 
(see Sectlon 10,3). 

10.3.4.4 Table 8 out l ines  typical retentfon t i n e s  (minutes: 
fo r  selected organ1 cs us1 ng t h t  6C-FID-ECD-PID 
analytical tystun. 

10.3.4.3 

10 .4 Anal yt l cal Procedures 

10.4.1 Canister Rccclpt 

10,4,1,1 The overall CondltlOn of each sample crnl r ter  
1s observed, Each u n l t t r r  should k ncelved 
u l t h  an rttachcd sunph Watitlcrtion tag. 
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10.4.1.2 Erch c a n l s t e r  i s  recorded i n  the dedicated 0 
l a b o r a t o r y  logbook. Also noted on the i d e a l -  
f icrt ion t ag  a r c  date recalved r n r l r r l t l a l s  

of recipient, 
10.4,1,3 The pressure of t h e  canister 1s checked by 

r t t r c h l n g  1 ptmsutt g a u ~  t o  t h e  unister  
I n l e t ,  The a n i s t e r  W v t  f s  opened briefly 
r n d  t h e  p ressure  (kh, ps lg )  1s rccorded. 
[Mote: If p r e s s u r e  i s  (83 kPa ((12 pt lg) .  the 
user MY wish t o  pressurize the wnfrtem. 
8s an op t ion ,  w i t h  zero grade nitrogen up to 
137 kPa (20 pslg)  t o  ensure t h a t  enough 
sample i s  r v a l l a b l e  for analysls .  However, 
pressurizing t h e  c a n i s t e r  an Introduce U d i -  
t i o n r l  error, inc rease  the nlnlmm d e t e c t i o n  
l i m i t  (MDl), rnd  I s  time cons~llllng. The u s e r  
s b u l d  weigh these h 1 l t 8 t l O n S  8s part o f  h i s  
program objectives before ptessurlzfng.~ 
FInr l  cylinder pressure I s  recorded on u n -  
irter sampling f f c l d  data sheet (see FIgure 10;. 

10.4.1.4 If t h e  canlsttr pressure 4s Increased, a di- 
l u t l o n  f a c t o r  (DF) Is ca lcu la ted  and recorded 
on the unpling dat8 sheet. 

e 

here: 

X I  - c a n i s t e r  pressure (kPa, psia)  &so- 
lute before d i l u t i o n .  

Yr - c a n i s t e r  pressure (kPa, psia) abso- 
lute rfttr d l l u t l o n .  

After sample r n a l y s i t ,  cktected YOC concentrr- 
tlons a te  m u l t i p l ~ e d  by the d i l u t i o n  factor 
to d C t e m I n e  c o n c e n t t r t i o n  I n  the rugled ai r -  

@ 
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10.4.2 GC-HS-SCAN Analysls (With Opttonal FID System) 

10.4.2.1 The analytlcal system should be Properly assem- 
bled,  humid zero a i r  c e r t f f l e d  (see Sectlon 
12.3). operated (see Table 3 ) .  and ca\lbrated 
f o r  accurate V #  detcnnlnatlon. 

10.4.2.2 The mass f low c o n t t o l h ’ S  arc checked and adjusted 
t o  provide correct  f l o w  rates for  the system. 

10.4.2.3 The sample canls te r  Is connected t o  the Inlet  
o f  the GC-HS-SCAN ( w l t h  optional FID) r n a l y t l u l  
system. For pressurftd samples, a mass flow 
cont ro l le r  Is placed on the canlster and the 
canis te r  valve Is opened and the  canfstet  
f l o w  I s  vented p a s t  a t e e  I n l e t  t o  the analytical 
system a t  a flow o f  75 cm3/mIn so t h a t  40 
cm3/min Is pulled t h r o u g h  the Naf ioPdryc r  to 
the SI X- por t  chranatographic valve. [Note: Flow 
r a t e  Is not as imponant as acquirlng s u f f f c i m  
sampie voi m e  .j 
connected d i rec t ly  t o  t h e  Inlet .  

10.4.2.4 The G t  Oven and cryogenlc t r a p  ( in j ec t  position) 
a r e  cooled t o  the l r  set points of -50.C and 
-160.C. respect lvely. 

10.4.2.5 As soon as the cryogenic t r a p  reaches Its lower 
set pofnt of  -160.C. t h e  s ix- por t  chranatogrrphic 
valve Is turned t o  I t s  fill posltlon t o  I n l t l r t c  
sample collectton. 

10.4.2.6 A ten m l n u t t  col lect lon perlod of can i s t e r  srqle  
Is u t l ~ i z c d .  [Note: 40 ~ & m i n  x 10 mtn 400 

an3 sampled canis ter  contents-j  
10.4.2.7 A f t e r  the sample Is preconcentrated I n  the cry- 

ogentc t r a p ,  t h e  GC sampllng valve i s  cycled 
t o  the Inject posit lon and the  cryogenlc trap 
Is heated. The trapped analytcs arc thermally 
desorbed onto the head of the OV-1 c a p l l l r r y  
cotumn (0.31 mm 1.D. x 50 ttngth). The GC 
Oven 1s programed t o  s t a r t  a t  40.C 8 d  af ter  
2 nln t o  heat t o  1SO.C a t  a r a t e  of 8% per 
mlnute. 

Sut-iii&! ant p i - ~ t  S ~ Z E  SSG;?~: :r: 
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f0.4,2.8 Upon sample t n j e c t i o n  onto t h e  colum, t h e  IS 
I s  signaled by t h e  c a a p u t t r  t o  st la  thc i l u t l n q  
~ a r r l e r ~ g a s  fran 18 t o  250 rau, resulting I n  
1.5 Hr r e p e t i t i o n  ra t e ,  Th l s  corresponds t o  
-out 6 rcrns per e l u t i n g  chrartagrrphlc per . 

10.4.2,9 Pr¶aary l d e n t l f i c r t l o n  IS based upon re ten t ion  
tlrc 8d relrtlve rbundance of e lu t ing  lor# 
8s canpared t o  the spectra1 Ilbrrry stor& on 
the hard di sk o f  thc 6C-XS Q t r  caaputar. 

the previous ly  a s t d l l  shed response frcton 
(see k c t i o n  10.2.3,2), rs 111ustrrted I n  
Table 5, [Note: If the anlst t r  i s  d i l u t e d  
before a n a l y s i s ,  an apptoprlrtc m u l t l p l l t r  i s  
rpplled t o  c o r r e c t  f o r  the volume d i l u t i o n  of 
the  c a n i s t e r  (Sect ion 10.4J.4) .I 

record the progress o f  the anrlysls. 

10.4.2.10 the concentra t ion  (ppbr) i s  calculrted us ing 

I O . ~ . L . ~ I  Tie wrionri FID u a c e  aiio- tirc rnriysr i 

10.4.3 Gt-RS-SIH hrlf i l i  (Ylth Optional FID S y S t a )  

10.4.3.1 Yhen the HS I s  placed I n  the SIH =de of 
oper r t ion ,  t h e  HS m n l t o n  only preselected 
tom, rather than scanning a l l  masses contin-  
uously between two mass llmlts. 

10,4.3.2 A t  8 result, increased sensltivlty and Improved 
qurntltrtlve matfi ls  u n  be rchieved. 

10,4,3.3 Similar to the CCICIS-SCUI conflgurat lon,  the 
CC-tS-SIH maljnls i s  b u d  on combination 
ol t e t a n t l o n  tlrts a b  relrtive rbundrncer 01 

selected lorn (see Tabla 2 and tabla 5). lhr-e 
qurliflen are ttorurl m the hard disk o f  
the =)Is cmputer and rn applied for  Identi- 
flcatloa of each cbrartogrrphtc per t ,  Once 
the U - K = S M  has ldentlfled tbe p r k ,  r CI 
t l o n  response factor i s  used t o  bterrlne trr 
mal y t d s  c o n c e n t n t l o n ,  



TOl4-41 

I 

10.4.3.4 The Individual  analyses  are hand led  I n  th ree  
phases: da ta  a c q u i s l t l o n ,  data rcductlon, rnd 
data reporting, The d a t a  bcqul s l t l o n  software 
1s set I n  t h e  SIH pock, where Speclf ic  capound 
fragments are  mnltored by the W a t  spec l f l c  
t l m e s  In t h e  ana1yt lca l  run'. Data r e d u a l o n  
Is cootdlnated by tht postprocessing macro pro- 
gram t h a t  Is a v t a n a t i c a l l y  accessed after data 

a c q u l s l t l o n  Is cunpleted a t  the end of t h e  6C 
it'ii. 

are l d e n t l f l e d  and I n t e g r a t e d ,  and an Internal 
I n t e g r a t i o n  report I s  genera te l  by the program, 
A reconstructed Ian chrunatogram f o r  hardcopy 
reference  1s prepared by the program and various 
parameters o f  In tens t  such as t lm,  date ,  and 
I n t e g r a t i o n  cornsants  a r e  pr ln ted .  A t  t h e  com- 
p l e t l o n  of the macro program, t h e  data .. . n p o r t l n g  

.software Is acctsttd.  The appropr la te  calibra- 
t l o n  t a b l e  (see Table 9 )  Is retrieved by the  
da ta  repofi lng program from t h e  canputcr's hard 
d isk  s torage  and the proper r e t en t ion  tlme and 

response f a c t o r  parameters are applied t o  the 
macro program's dn tcgra t fon  f i l e .  With refer-  
ence t o  ccfialn prese t  acceptance c t l t e r l a ,  
peaks a r c  automat ica i iy  l d t n t l f f e d  and qt;az:?- 
f led and a f l n a l  sumnary report  1s prepared, 

",rst.?t?z$ ?=.a ~ e f ! ! c s  ere crttacted, pea&! 

.r. . i s  Illustrrted I n  Tsb'le 10. 

10.4.4 6C-FI0-XCD Analysis (Yith O$tlonal PID System) 
0 -  

-.10.4.4~1' the r n a l y t l c a l  ryrtcm should be properly assem- 
bled, humld zero a i r  cert j f icd (Set Section 12.2 
and calibrated t)naugh a dynamic standard Cal i-  
b r a t i o n  ptoccdrrn (tee Scc t lon  10.3.2). The 
FID detector 1s l i t  and allowed t o  stabllite, 

10.4.4.2- Slxty-four minutes w e  r equ i red  for each sample 
rnrlyslr - 15 min for system 1 n l t f a ~ ~ r r t i o n ,  14 
aln for sample c o l l e c t t o n ,  30 mln for analys is ,  
rpd 5 a i n  f o r  p o s t - t i a r  durlrrg which a report 
I t  prlnted. [ K u t G  fhfr may vary depcndlng 

i' 

- 
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10.4.4.3 The helium and sample mass flow C o n t r o l l e n  a r . a  
checked.and ad jus ted  t o  provldc correct flow 
rates for t h e  system. Helium i s  used :s purge . 

r a l d u a ~ a i t  fron t he  t t r p  a t  t he  end of t h e  
sampling phase and t o  carry the rerolatlllted 
v a s  frm t h e  t r a p  o n t o  t h e  sc c o l m  and I n t i  
tk FfD-ECD. Thf ydrogan, burner alr ,  ard nI- 
t rogen  flow rates should a l s o  be checked. The 
cryogenic trap 1s corrnectd  and verlflcd t o  

through the system, 
10.4.4.4 The sample c a n i s t e r  Is connected t o  t h e  I n l e t  o f  

the  CC-FID-ECD a n a l y t l c r l  system. The un l t t c r  
valve  Is opened and t h e  c i n l s t e r  flow Is vented 

h e-r:t,!ns r s * t ? y  =!?!le ??ed!!g cryepfl 

p a s t  a tee I n l e t  t o  t h e  ana ly t l c r l  system a t  75 - 
c d / m ~ q  uslng a 0-500 d / m I n  Tyirn mass flow 
c o n t r o l l e r .  During rnalysls,  40 d / a I n  of sr ' e  
gas I t  p u l l e d  through t h e  rlx-pori chtaaatogr  
valve and routed through the t r a p  r t  the appr+ 
p r l a t e  tine while 'the ex t ra  sample Is vented. 
The V a s  are condensed I n  the t r a p  whlle the 
excess flow Is exhurr ted  through an exhaust 
vent, rhIch assures  t h a t  the sample alr f l o w  
l n g  through t h e  tr8p I s  a t  rtrorgher4c pfessurc 

10.4.4.5 The sfx-pori vrivc i s  witched t o  the In ject  
p o r l t l o n  and t h e  u n l s t e r  valve I s  closed, 

10.4.4.7 After t h e  sample I s  preconcentrated on the trap, 
th trq IS h m t d  and the v a s  are t)wmrrlly 
desorbed o n t o  the head of the crplllrry c o l u n .  
s l n c a  the colum I s  a t  -SOT. the V a s  are cry . 
focussed on t h e  colum. -;hen, the oven tunper.- 
tura (programed) l ~ r e a s e r  a d  the V a t  .elute 
from tk column t o  the parallel FID-ECD assea+ *. 

10.4.4.8 The parks eluting frar the detecton are lde 
t l f l e d  by retentlon tlme (see Table  7 and 

T a l e  8 ) .  a l l e  pea 8 f W S  we recorded l n  a n a  

0 

. 10.4.4.6 The electronic i n t e g r a t o r  I s  staftcd. 

a 
. - 



counts.  F l g u r e s  15 and 16 i l lur t r r tc  typlcrl 
response o f  the  FID and ECD, respectlvely, 
f o r  the-forty (40) t a rge ted  YOCs. [Note: Refer 
t o  Table 7 f o r  peak number and i d c n t l f l u t l o n . ~  

10.4.4.9 The response factors (see S e c t i o n  10.3.3.1) are 
m u l t l p l ~ e d  by t h e  a rea -coun t s  f o r  each perk 
to u l c u ' l r t c  ppbv estlmtes f o r  the unknown 
sample. I f  the- c a n i s t e r  : I s  d i l u t e d  before 
a n a l y s i s ,  a n  r p p r o p r l r t c  d i l u t l o n  a u l t f p l l e r  
(OF) I s  a p p l l c d  t o  c o r r e c t  f o r  t h e  volume d i lu -  
t f o n  of the  c a n i s t e r  (set  Sec t ton  10.4.1.4). 

10.4.4.10 Depending on t h e  number_ o f  c a n l s t e n  to be 
analyzed, e a c h  canister. 1s analyzed twlce 
and the f lnr r l  concent ra t ions  for each rna i f i e  
are the ave rages  o f  the two analyses .  
However, I f  t h e  GC-FXD-ECD a n a l y t i c a l  system 
d l s c o v e n  unexpected peaks which need f u r t h e r  

peaks are discovered, e l i m i n a t i n g  poss ib l e  quan- 
t l t a t l o n ,  t h e  sample should then  be subjected 
t o  r GC-S-SCAN for p o s i t i v e  I d e n t l f l c r t i o n  
and q w n t l t a t i o n .  

10.4.4.11 

I % .  

4.) I u E l t c I  r r a ~ ~ r r ~ a r r  I I b m c  I W # *  - * m y  r r d  -*--..- m * * o a * d n n  .".. eyerlcnpfng 

11. Cleaning and C e r t l f l c a t l o n  Program - 9 :  . . 

11.1 c a n i s t e r  Cleaning and C e r t l f l c a t l o n  

11.1.1 A l l  u n l s t e n  must  be c l e a n  and f r ee  of any cont8mlnants 
before  sample col  lectlon,.- 

11.1.2 A l l  c a n i s t e n  are leak tested by pres su r l z lng  t h e m  t o  
approximately 206 &Pa (30 p s i & w l t h  z e r o  rlr,  [Note: 

The u n l s t c r  c l e rn lng  y,rltem I n  Figure 7 can  be used 
for t h i s  task.] The I n l t l a l  p ressure  I s  m e r t u r d ,  the 
m n l s t c r  valve I s  closed. and the f l n a l  pressure I s  
checked after 24 hours, If  leak t i g h t ,  the pressure  
S b u l d  nu& vary  mrc t h a n  - + l3.8 )Pa (+ 2 pslg) over  
t h e  24 hour perlod, 5 -  

11.1.3 A c r n l s t e r  c l e rn lng  system may be rssemblcd 8s 111us- 
t t r ted' ln  Ffgure  7. Cryogen 1s-added to bath  the . 
VlCUUl l  pump rnd zero a4r supply trrps. The c r n h t e r ( s )  
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are c o n n e d  t o  the r r n l f o l d ,  The v t n t  shut-off valve 
and the  u n l s t a r  vr lvc(s) r n  opened t o  ra ' t rse  any re- 
ar ln lng  pressure I n  the on l r te r ( s ) .  The acuua pump 
i s  s tar ted  and tu vent shut- off  valve i s  NP closed 
a d  the Y~CUUII t lut-off  valve I t  ~ n d .  he a n l s t e r ( s )  
an evrcurted to r t  one hour). 
[Note: On r d a l l y  brsjs or  wn d t e r  f nacassrrjr, the  
cryogenlc traps should be purgtd wlth zero r t r  to remove 
any t r a p p d  wr ta r  frm P r d O u S  c m l s t e r  clernlng cycles.- 

a 
0.05 IY Hg (for a t  1 

3 2 4 0 2 3 8  

11.1.4 Ihc v rcuu l  r d  vrcuw/prc l ture gauge thut-off vdves  
are closed and the zero a l t  Shut-off valve I s  opened 
to pressurize the a n l s t e r ( s )  w l t h  humid zero rtr to 
rpproximrtcly 206 tP8 (30 pSf9). 
rtor system I s  used, t he  flow r r tc  ary need t o  be 
l i m i t e d  t o  u l n t a l n  t h e  zero r l r  qur l l t y .  

11.1.5 The zero shut-off valve 1s closed rnd the u n l t t c r ( s )  
Is r l l m e d  t o  vent down to 8tlpoSpherk pressure through 
the vent rhu t -o f f  valve. The vent strut-off valve I s  
close& Steps 11.1.3 tnrougn 11.1.5 are repeatea wo 
add i t fonr l  t l n r s  f o r  a t o t a l  of three (3) evrcurt lon/ 

If 8 zero 98s gcncr- 

0 
11.116 

11.1.7 

pre rsu r i r r t l on  cycles for each set o f  canisters. 
A t  the trd of the evrcurt~on/pressutirrtion cycle, the 

u n l s t e r  I s  pressurized t o  206 kP8 (30 pslg) wi th  
-Id zero rlr, The u n l s t c r  Is then rnrlyzed by a 
6C-6 or  CC-fID-€CO r n r l y t l c r 1  systan. Any u n l s t e r  
t h i t  has not tested clean [empared t o  di rect rnrlys Is 
of humIdlfled zero a i r  of less th8n 0.2 ppbv of t r rgc ted  
V a s )  r b u l d  nat be used, AS 8 'blrnk' check o f  tJw 
u n l s t e r ( t )  rnd clernup procdure, the f l n r l  hmld zero 
rlr fill of l O o Z  of the u n l s t e n  I s  rnatyzed unt l l  the 
cleanup system and u n l s t e n  are proven r e l f a b l e  ( less 
thrn 0.2 ppbv of  targets YOCr), The check can then be 

reduced to 8 l m r  percentage o f  o n l s t e o ,  
The canis ter  1s re r t t rched t o  the cleaning m n i f o l d  and 
1s then rrevrcur ted to 40.0s m Hg 8nd rcnrrlnr I n  t h i s  
condl t lon untll used, The c rn l sk r  valve 1s closed, 
canister 1s tmd frm the c l e m l n g  rystea and the cab. 
l s te r  connectlon 1s capped ulth 1 r t a l n l c t s  steel f l t t lng, 
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. The c a n i s t e r  Is now ready f o r  COl1ectfOn Of an a f t  r a m p k .  
An I d e n t l f l c a t l o n  t a g  I s  a t t a c h e d  t o  the neck of  each  
c a n i s t e r  f o r  f l e l d  nutcs and chain- of- custody purposes.  

11.1.8 As a n  o p t l o n  t o  t h e  hum18 zero 8lr C h n i n g  procedures.  
t h e  c a n i s t e r s  c o u l d  be b a t e d  I n  an  l s o t h e m a l  Oven t o  
1OO'C d u r i n g  Section 11.1.3 t o  e n s u r e  t h a t  lower mle- 
c u l a r  w e i g h t  c a p o u n d s  (Cz-Cg) are nu t  r e t a i n e d  on the 
w a l l s  of t h e  c a n i s t e r .  [Note: For sampllng h e a v i e r ,  more 
c a p l e x  VOC m i x t u r e s ,  the c a n l s t e n  s h o u l d  be h e a t e d  t o  
250.C d u r l n g  Section 11.1.3.7.] Once k a t e d ,  the u n i s t e r r  
are evacua ted  t o  0.05 mn Hg. A t  thc end of the hea ted /  
evacua ted  cycle, t h e  c a n i s t e r s  are pressutlree w i t h  humid 
zero a i r  and ana lyzed  by t h e  CC-FID-ECD system. Any 
c a n i s t e r  t h a t  has n o t  tested c l e a n  (less t h a n  0.2 ppbv 
o f  t a r g e t e d  cunpounds) s h o u l d  no t  be used. Once 
tested c l e a n ,  the c a n l s t e r s  are r e e v a c u a t t d  t o  0.05 mm 
Hg and remain i n  t h e  e v a c u a t e d  s t a t e  u n t i l  used. 

(. 

- I  i . f i -  
11.2 Samplfng System C l e a n l n g  and C e n i f i c a t l o n  

11.2.1 Clean ing  Sampll ng. Sf i tem Cunponents 

11.201 -1 

11.2.1 02 

Sam3le canponen ts  are d i  s a s s e n b l e d  and clecrned 
b e f o r e  t h e  sampler I s  assenb led .  Nonmetal l lc  
p a r t s  are r i n s e d  w i t h  WLC grade de ion ized  
water and d r i e d  I n  a vacuum oven a t  5O.C. 
T y p i c a l l y ,  s t a i n l e s s  steel p a n s  and f l t t i n g t  
are  c l e a n e d  by p l a c i n g  them In a beaker o f  . 
methanol I n  a n  d t t r S O n f C  b a t h  f o r  15 mlnutes.  
f h l s  p r o c e d u r e  Is r e p e a t c d  w l t h  hexane as 
the  solvent. 
The p a r t s  are t h e n  r i n s e d  w i t h  WLC grade 
d e i o n i z e d  water and drled i n  a vacuum oven 
a t  100.C f o r  12 t o  24 hours.  

11.2.1.3 Once the sampler is a t s e ~ l e d ,  t h e  e n t i r e  
sys tem I s  purged r l t h  humld zero a i r  for 24 
hours. 

11e2e2 Humid Zero Alr C c r t l f t u t l o n  

[Note: I n  the f o l l o w i n g  s e ~ t l ~ n s ,  m c e r t l f l c r t l o n o  I s  
d a f l n e d  as e v r l u a t l n g  the sampl ing  1;)3tm with hunld 



3 2 4 0 2 3 9  

zero air  and humld u l l b r r t l o n  gases t h a t  Oats through 
a l l  a c t i v e  cmponents  o f  t h e  srmpling sfitem. The sys- 
t m  I s  ' ce r t l t ld '  If no s i g n l f i c r n t  d d l t l o n s  o r  &le- 
t iars  {:est trra? ?.? T ~ C V  o f  targeted capoundr) hrve 
occurred when &al l tnged w i t h  the  test gas stream.] 
11.2.2.1 The c l e a n l i n e s s  of t h e  S u p l i n g  system I s  deter- 

m l n d  by t e s t i n g  the sampler w f t h  hurld zero rlr 
without an evrcurted gas cylinder, u fol1owr. 

1'1.2.2.2 The u l l b r a t l o n  system rrd u n l f o l d  an assem- 
bled, as I l l u s t r a t e d  I n  Figure 80 The sampler 
( w i t h o u t  m evrcurtd gas cy l lnder )  i s  con- 
nected t o  the o r n i  f o l d  rnd the  zero rlr 
c y l i n d e r  wtlvrted t o  generate r hmld  gas 
stream ( 2  L/aln)  t o  the u l l b r a t l o n  n r n l f o l d  
[see Ftgure  8(b)]. 

11.2.2.3 The humld zero gas stream passes through t h e  
c a l i b r a t i o n  run1 f o l d ,  through the sarapli ng 
s~-sran j=itrc,..;c, =- %qerria?eQ cenisler; tz a 

so t h a t  40 cm5/min i s  pulled througn tne six-  
port va lve  and route4 t h r o u g h  the c r y q e n l c  
t r a p  (see Section 10.2.2.1) a t  the qproprlrte 
t lm whi l e  t h e  e x t r a  sample Is vented.  [Note: 
The exl t  of the saap l ing  system (without the 
c r n l s t e r )  replaces t h e  canlster In Figure 4.3 
After the sample (400 rL) I s  preconcentrated 
3!! t!* rrq, tk t t r p  4s httd Id the VOCS 

a n  t h e m a l l y  desorbed onto t h e  head of t h e  
u p l t l r r y  colrann. Since t h e  colunn ls a t  

40.C. the V a s  are cryofocussed on the col- 
um. Then, t h e  men temperature (pragramwd) 
lntrerses rnd the V a s  begin t o  elute rnd w e  
detected by r CC-HS (see Sectlon 10.2) or t h e  
CC-FID-ECD (see Sectlon 10.3). The a n r l y t l c r l  
syrta  should not d e t e c t  greater than 0.2 ppbv 
of  t i r g a t e d  V a s  In order for t h e  r a a p l i n g  

CC-FID-ECD r n a i y t i c a i  S y s t m  a t  75 -3/min 0 
. 

. a  
SDtm t o  p8tS th8  h l d  zero 8 f t  ~ r f d f i C 8 t l O n  

. 
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11.2.3 

t e s t ,  Chraur togrrms of a ccrtlflcd sampler 
and contamlnated S a m p k f  are l l l u s t t a t e d  I n  
Flgures 1 7 ( a )  and (b ) ,  r e s p c e f v e l y .  I f  
t h e  sampler  p a s s e s  t h e  humld zero a l r  tes t ,  
it i s  t h e n  tested w i t h  humld C a l l b r a t l o n  gas 
s t a n d a r d s  c o n t a i n i n g  selected YOCs a t  concen- 
t r a t l o n  levels expected I n  f i e l d  rampltng (e.g., 
0.5 t o  2 ppbv) as OUt’llncd i n  k c t l o n  11.2.3. 

Sampler  System C e n f f l c a t l o n  4 t h  Humid C a l f b r a t l o n  Gas 
f t a r d a  rd S 

11.2,3.1 Assenble the dynamic c a l l b r a t i o n  system and 
manl fo ld  as l l l u s t r a t t d  I n  Figure 8. 

11.2.3.2 Verify t h a t  t h e  c a l l b r a t i o n  system Is c l e a n  
(less t h a n  0.2 ppbv of t a r g e t e d  c a p o u n d s )  
by sampling a h u m i d i f i e d  gas  s t ream,  without 
gas  c a l l b r a t l o n  s t a n d a r d s ,  w l t h  a prev ious ly  
cer t i f ied c l e a n  c a n l s t e r  (see S e c t i o n  12.1). 

11.2.22 The csse&!ei dynamic. c a l l b r a t i o n  system Is 
c e r t l f l e d  c l e a n  i f  less t h a n  0.2 pbbG,’.of :, 4 

t a r g e t e d  cmqounds  arc found. 
11.2.3.4 For g e n e r a t i n g  the  humid i f i ed  c a l l b r a t i o n  

s t a n d a r d s ,  the c a l l b r a t l o n  g a s  cyl inder(s)  
(see S e c t i o n  8.2) c o n t a i n i n g  n a n i n s l  concen- 
t t a t i o n s  of 10 ppmv i n  n i t r o g e n  o f  selected 
VOCs, a re  a t t a c h e d  t o  the c a l l b r a t l o n  system, a s  
o u t l i n e d  l n  k c t l o n  10.2.3.1, The gas  c y l f n d e n  
i r e  wend s?d the css !r!?XtvreS a r t  passed 
through 0 t o  10 an3/m4n certified MSS f low 
c o n t r o l l e n  to g e n e r a t e  ppb levels o f  
cal i b r a t l o n  standards. 
After the  a p p r o p t l r t e  q u i 1  lb r lum period, a t t a c h  
the sampling system ( c o n t a l n l n g  a certlfled 
evacuated c a n i s t e r )  t o  t h e  mani fo ld ,  as I l l u s -  
t r a t e d  l n  Ffgurc 8 ( r ) .  
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11,2.3,6 Sample the dynamic d l b r 8 t l o n  98s stream r l t h  

the sampling systea rccordlng t o  f e c f l o n  9.2.1. 
Ciiota: JO corlscrvc gcnerrted u l i t r r t i o n  gas, 
bypass the canister srrapllng system r u n i f o l d  

t l o n  gu stream a t  the I n l e t  of the I n- l i ne  
f i l t e r  of the sampling S y S t m  SO the f low 
w i l t  l e s t  than 500 c l ~ 3 / m i n . ~  

11 .2.3.7 Concurrent d t h  thc S m p l i  ng System opetrtlon, 
rea l t ine  monitoring of the u l i b r r t l o n  gas 
stream I s  accmpltshed by the on- line 6C-)(5 
or 6Comultldetector r n a l y t l c r l  system 
[Figure 8(b)] t o  provide reference conccntru- 
t lons  o f  generated VOCt.  

tlrv p l o d  used for rn t l c lpa ted  smpltng),  

canpared t o  the reference 6C-PIS or 6 t -nu l t l -  

8rd 8tt8Ch tb S8Eplfq S y S t m  t o  tk u l i b r r -  

11.2.3.8 A t  the end o f  the  &mpl Ing perlod (nonnrl ly same 

thr! i U p l f n g  S y S t c +  C U t f S t e t  I S  anriyzcd 8nd 

3 2 4 0 2 4 0  
atas'itr in i ;J i t lc i i  system i o  dcienninc if 
the concentratlon of  the targeted V X s  was 
Increased or dcc rc rsd  by the sampling 
sys ten. 

11.2.3.9 A recovery o f  between 9OZ rrd lloI 4s expected 

f o r  a l l  targeted Vas. 

12. Perfornunet Crlterlr 8nd Qual1 t y  Assurance 

12.1 ftrrdrrd Operating Procedures (SOPS) 

12.1.1 309s should bt generated I n  each l abo r r to ry  de t t r l b fng  
and Qcmwnt lng  the  f o l l o d n g  r c t i v l t l c s :  (1) r s m b l y ,  
o l l b r 8 t l o n m  leak check, and operatlon of speclfic 
sampling system rnd  qu lpncnt  used; (2) prrparrt lon, 
storage, shfprrnt, and handllng o f  smoles; (3)  rsselably, 
.Icrk-chcck, c r l t b r r t i o n  , 8nd operrt ion Of tk 8 n 8 l f l ~ U l  

SyStCI Im 8 d d r e ~ t l n g  tk S p C i f i C  qdplacnt Ut&; (4)  C8* 

I S t W  StOfrW and Ch8n~ng; rrd (5) a11 8 S p W t t  O f  at8 

recording and processing, including l l s t t  o f  canputer 
hrrdwrre and software used. 
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12.1.2 Specific stepwlre l n s t r u c t l o n s  should be provided i n  
the SOPS and  s h o u l d  be r e a d i l y  a v a i l a b l e  t o  and under- 
S t o o d  by t h e  l a b o r a t o r y  personnel c o r d u c t i n g  t h e  uork. 

12.2 Method R e l a t i v e  Accuracy and L f n e a r l t y  

12.2,l Accuracy c a n  be determined by I n j e c t i n g  VOC s t a n d a r d s  
(see S e c t i o n  8.2) from an  a u d i t  c y l i n d e r  I n t o  a sampler. 
The c o n t e n t s  are t h e n  analyzed for the c m p o n e n t t  con- 
t a t n e d  I n  the a u d i t  c a n l s t c r .  P e r c e n t  r e l a t i v e  accuracy 
Is crl  c u l a t e d :  

% R e l a t l v e  Accuracy X - Y 100 
X 

Uhere: Y - Concen t ra t ion  of t h e  t a r g e t e d  
cunpound recovered f ran sampler. 

X = Concen t ra t lon  of  V O t  t a r g e t e d  
canpound I n  t h t  NBS-SM or 
EPA-CRF! a u d i t  c y l i n d e r s .  

12.2.2 I f  the r e l a t i v e  accuracy does not  f a l l  between 90 and 
and  110 p e r c e n t ,  t h e  f i e l d  sampler s h o u l d  be removed 
from u s e ,  c leaned .  and r ece r t i f iM a c c o m i n g  &- iaI,tj,a; 
c e r t l f t c a t l o n  p rocedures  o u t l i n e d  i n  S e c t t o n  11.2.2 
U r d  Sect i o n  11.2.3. Hi s t o r l c a l  l y ,  c o n c e n t r a t i o n s  o f  
carbon  t e t r a c h l o r i d e ,  t e t r a c h l o r o e t h y l e n e ,  and  hexachlo- 
r o b u t a d l e n e  have s o m e t i m s  been detected a t  lower con- 
c e n t r a t l o n s  when u s i n g  p a r a l l e l  ECD and  FXD d e t e c t o r s .  
Uhen these three canpounds a r c  p r e s e n t  a t  c o n c e n t r a t i o n s  
ciorc t o  c i : : t r r t ! z a  ?:Y~!S, b ~ h  4 ~ t e c t o r s  u s u a l l y  
a g r e e  on the reported c o n c c n t r a t l o m  , A t  c o n c e n t r a t i o n s  
below 4 ppbv, there Is a problem with n o n l l n e a r l t y  of 
the ECD, P l o t s  of  c o n c e n t r a t l o n  V e n u s  peak area for 
c a l l b r a t l o n  canpounds detected by the ECD have  shown 
t h a t  t h e  c u r v e s  are n o n l l n e a r  f o r  c a r b o n  tetrachlortdt, 
t e t r a c h l o r o e t h y l e n e ,  and S e x a c k l o r o h u t a d i e n c ,  as 111ur- 
t r a t e d  I n  F i g u r e s  18(a) through 18(c). O the r  t a r g e t e d  
ECD a n d  FID canpounds scaled l i n e a r l y  f o r  t h e  range 0 t o  
8 ppbv, as shown f o r  chloroform i n  F l g u r e  18(d) ,  For 
canpounds tha t  arc n o t  l i n e a r  o v e r  t h e  c a l l b r a t i o n  
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range, area e w n t r  g e n e r r l l y  r o l l  o f f  between 3 and 4 

ppbv. To correct fo r  t h e  n o n t l n e r r l t y  of these Caapounds, 
8n a d d l t l o n r l  u l l b r a t l o n  step IS pdonned. An evacuated 
r t r I n I e s s  steel u n l s t e r  I t  presturlted d t h  e r ~ l b r r t l o n  
gas a t  a n a r l n r l  c o f ~ n t r 8 t I O n  of 8 ppbv, The tarple 
I t  t h e n  dl luted to rgproxl lar te ly 3.5 ppbv r l t h  zero a l r  
r d  r n r l y t e d ,  The Instrument  response factor (ppbv/rrer) 

f o r  the 3.5 ppbv sample, Then, both the 3.5 ppbv 8nd 

t h e  8 ppbv response f r c t o o  are en te red  I n t o  t h e  ECD 
c r l l b r r t l o n  table, The software f o r  the Hewlet t -Prckae 
5880 l e v e l  4 6C I S  d n l g n e d  t o  rccarnmodrte a u l t t l c v e l  
c r l i b r a t l o n  e n t r i e s ,  so the c o r r e c t  response f a c t o r s  
are r u t a n a t l c r l l y  c r l c u l r t e d  for concen t r r t i ons  In  t h l s  

range 

Of t h e  fm fo r  each Of t he  thfm CaRlpOUndS I S  CrlCU]At&d 

12.3 Method H o d i f l c r t 1 o n  

12.3.1 Srlapll ng 

12.3 -1 -1 - 4 0 2 4 1  did The tamp11 ng system for presturl red u n l  ster 
srmpllng could be uod i f i ed  t o  use a l igh te r ,  
amre compact pump. The pump currently bclng 
used wrlght  about 16 kllogruns (35 lbs) .  Cm- 
1nercl811y avr l ’ l rb le  pumps t h a t  could  be used 
8s r 1 t e r n r t l v e s  t o  t h e  pretcrlbcd smpler pum 
are desctlbed below. Metal Bellows MB-41 pue:  

These pumps are c l e rned  a t  t h e  factory; however 
some precaution t h u l d  k t aken  r l t h  the d tcu-  
tar (4.8 a diucttr) Teflon. r n d  s t r l n l e s t  stet 
part dlrectly d e r  the flange, I t  I s  o f t e n  
d l r ty  when rece lved  and should be ClLdned 

before use, This part Is c l eaned  by tanorlag 
I t  from t h e  pup ,  r u n u r l l y  c l e r n l n g  wfth 
Qlon l r ed  water, and p lac ing  i n  a vacuum oven 
a t  1ob.c for a t  least 12 hours. f~gored 
parts  o f  the pump head a n  also clerned with 
swabs and allowed t o  alr dry. These praos have 

a 
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proven t o  k very r e l l a b l e ;  however, they are 
o n l y  u s e f u l  up  t o  an  outlet pressure o f  rbout 

137 LPa (20 p r i g ) .  Hcubtrgtr  Pum: Vfton gas-  
kets  or-seals must be s p e c i f i d  w i t h  t h i s  pump. 
The ' f ac tory  direct' pump I S  received contaminate  
and leaky.  The pump I s  c l e a n &  by disrrsenbling 
t h e  pump head (which c o n s i s t s  of three s t a i n l e s s  
steel p a r t s  a n d  two g a s k e t s ) ,  c l e a n i n g  the gasket 
w i t h  d e l o n i t t d  water a d  d r y i n g  i n  a vacuum o v t n ,  
and remachln ing  ( O r  manua l ly  i a p p f n g )  the s e a l i n !  
surfaces of t h e  s t a i n l e s s  steel par ts .  The stair 
less s t e e l  p a r t s  are t h e n  cleaned wi th  methanol, 
hexane,  d e i o n i z e d  water  and h e a t e d  I n  a vacuufy 
oven. The c a u s e  for  most of t h e  problems w i t h  
th i s  pump h a s  b e e n  s c r a t c h e s  on t h e  metal p a r t s  
o f  the pump head. Once t h i s  rework procedure i s  
performed, the pump 1 s  c o n s i d e r e 4  c l e a n  and can 
be used up t o  about 240 LPa (35 psis) o u t p u t  ptc 
sure. T h i s  pump 1s u t i l ized  i n  the samplin$ 
:= !??:s?r~?ed I n  F j g u r e  3. , 

* b  

12.3.1.2 Urban Alr foxics Sampler 

12.3.2 

The sampling system dcrcrlbccl I n  C i s  method ca 
be modified l ike  t h e  sample r  fn EPA's FY-88 Utb 

Air f o x i c s  P o l l u t a n t  Program. T h i s  p a r t i c u l a r  
s a m p l e r  Is described i n  Apperdix C (see Figure  

Analysis 

12.3.2.1 I n l e t  tubfng (ran the c a l i b r a t i o n  leanifold  c o ~ l  
be heated t o  50.C (same t e m p e r a t u r e  as t h e  call 
b r a t l o n  manifold)  to  prevent condensa t ton  on tl 
I n t e r n a l  walls of t h e  system. 

12.3.2.2 The a n a l y t i c a l  s t r a t e g y  f o r  Method TO-14 fnvo'l. 
p o s f t t v e  i d e n t l f f c a t i o n  and  q u a n t l t r t f o n  by 
6C-S-SCAN-SIH mde of o p e r a t i o n  w i t h  o p t f o n r l  
FID. Thft I t  a h igh ly  speci f ic  and t c n s l t l v e  
d t t t c t l o n  t e c h n i q u e .  Because I rptcI f lc  C : 

tor system (CC-IS-SCAN-SIH) ls  more c m p l l u t r  
and u p c n s t v c  than the use of non-sgcct t tc  del 
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(GC-FID-ECD-PID), t h e  analys t  may want t o  perfcym 
r s c r e s f n g  a n a l y s i s  and prellmlnrry q u i n t i t a t i o n  
of  VOC s p c i e s  i n  the Simple. i n c l u d i r  any po' r 

canpounds, by u t i l i z i n g  t h e  C C - ~ u l t l d e t r c t o r  
(6C-FID-ECD-PID) d y t I C 8 1  S y r t m  prlor to CC= f 
8n8lyslS. This SyStm U n  be used for approximat 
quintl t r t ion,  The 6t-FID-ECD-PID provfdes a .I a 
shut. of t h e  constituents In t h e  sample, all&- 
lng the ana lys t  to etemlne: 

- Extent  o f  m i s t d e n t i f f c r t i o n  due t o  over- 
l r p p l  ng peaks, 

- Yhether t h e  COnStftumtS are w l t h l n  the  
C81lbrrtlOn range of  t h e  a n t i c i p a t e d  
6C-lU-SCAN-SIH ana lys i s  o r  does t h e  
sraplc cqu l re  f u r t h e r  d i l u t i o n ,  and 

- Are there unexpec td  perks which need f o  

1 dent  i f i cat ion through CC-*-SCAN or w. 
there peaks of  i n t e r e s t  necding r t t e n t i c  

If unusual perks are obsened  fraa the 6C-FID-E 1- 

PID systan, t h e  analys t  then performs r GC-MS-S,A\ 
a n a l y s i s ,  The 6C-W-SCAN ri l l  provide pos i t ive  
I d a n t i f l u t i o n  o f  suspect perks from the CC-FID 
ECD-PfD system. If no unusual peaks are fdeml- 
f l e d  and on ly  a select number of V a s  are o f  co 
cern, the ana lys t  Call then proceed t o  6C-W-SIM. 
%e C C - ) l f - f : ~  :t t .t+G f s t  i:iiol qiiaiit:taffon t? 
selected VOCs, P o l a r  c~ lpounds ,  horwer, a n n =  
be l den t l f i cd  by t h e  6C-)lS-SIH due t o  t h e  use 
of a tlrflon. d r y e r  to rcIDve rater  frm the sas , l t  
p t l o r  t o  rnalysls. The dryer removes polar can- 
pounds al- v ( t h  the water, The rnr1ySt often 
has t o  u t e  t h i s  decislon lncorporrtlng project 
objectlves, dtteetloa limtts, equlpnrnt avalla- 

fng an anrlytlcrl rttrtegy. Flgure 20 outlllk, 
bl l l ty ,  cost rnd personnel c r p r b l l i t y  I n  devel 

the use of t h e  CC-FIDIECO-PID u a oscmtnlngm 
8pprorch. t d t h  the GC-K-SW(-S1)1 for  final 
ldentlflC8tlOn 8rd qUIRlt8t1On. 
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Method Safe ty  

Thls procedure may Involve hazardous materials, operat tons,  and 
equipment.  This method do& nut  purport  t o  address al l  of the 
s a f e t y  problems assoclattd d t h  l ts  use. I t  i s  t h e  user's rtspon- 
s l b i l i  ty t o  e r t a b l l s h  apptopr l r tc  t r f t ty  rnd h t r l t h  prscZlccs 
~ n d  &temfnc t h e  a p p l i c a b i l i t y  of  regulatory l l m i t a t l o n s  p r i o r  
to the lmplcntentatlon of  this procedure. Thls should be part 
of- the user's Sop manual . 
Q u a l l t y  Assurance (See Flgure 21) 

12.5.1 S r m p l l q  System 

Sect ton  9.2 sugges t s  t h a t  a portable G t  system be 

used as a m s c r e t n t n g  analysis '  pr ior  t o  locating 
f ixed-s l t e  s a m p l t n  (pressurized or subataosphtric) 
Section 9.2 requires p t e  and post-sampling meas- 
urements with 1 certified IMSS f low  controller 
f o r  flow v e r i f l c a t i o n  o f  sampllnp sxstcm. 
Sect ion  11.1 requ i res  a11 canis& e t ;  h. pres- 
sure t t s t e a  t o  237 kPr = 1: 
over a period of 24 hours. 
Sect ton 11-1 requires t h a t  
ccF t l f t ed  clean (containing 
o f  t a r g e t e d  VOCs) through a 
t ica t ion  program. 
Sectlon 11.2.2 t q u l r e s  d l  

a l l  c a n i s t e r s  be. 

less than 0.2 ppbv 
humid zero a f t  c c c i -  

f i e l d  sampling systems 
?s k c r r t l f i c d  l n l t l a l l y  c lean  (containlng less 
than  0.2 ppbv of  t a r g t t e d  VOCs) through a humid 
zero rlr c e r t t t l c a t i o n  program. 
Sectlon 11.2.3 r q u i r c s  d l  f i e l d  runpllng syr-  
t ans  t o  pass 8n l n i t l a l  humidifled c r \ f b r a t i o n  
gas c e r t t f l c a t j o n  [a t  VK concentrat ion levels 
expected In the field (Cog., 0.5 t o  2 ppbv)] 
w l t h  a percent  recovery o f  g r e a t e r  than  90. 

32.5.2 6C-M-SCAN-SlH System Pcrfomance Crltcrla 

12.S.2.1 Sectton 10.2.1 r e q u i r e s  the  GC-nS ana ly t i ca l  
systcm.to be certtfted clean (less t h r n  0.2 
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$ i s ,  th rough a humid zero a f t  c e n l f l c a t l o n .  

12.5.2-2 Section 10,2,2 rcqufres the Gaily t u n i n g  of 
the 6C-kS w i t h  4-brolsofl uorokniene (4-BF8) 
rnd that  I t  meet t h e  key Ions and ion dun- 
dance crltera (102) outlined In Table 50 

12,5.2.3 Section 10,2,3 rqulres both rn initial m l t l -  
point humid S t 8 t f C  crllbrrtlon (three levels 
plus humid zero 8ir) a d  8 d8lly callbration 
(one polnt) of the 6C-ICs 8n81ytical system. 

' 12.5.3 CC-Xultidetector System Perforrrnce Crlterir 

3 2 4 6 2 4 3  

12.5.3.1 

12.5 -3 -2 

12.5 -3 -3 

12.5.3.4 

13 -5 -3 -5 

Section 10.3-1 rquf res the Ct-FID-ECD analyti-  
crl system, pr ior  to rnrlysls, to k c e n i f i d  

clean (less t h a n  0.7 ppbv of targeted VOCs) 
through 8 humfd zero r i r  ccnl f lu t lon .  

rnrlyticrl  system cst8bIlsh retention time 
rindom f o r  e8ch rnalyte prior to sample rnrly- 
s l s ,  when a new GC co1uan 1s installed, o r  
major canponcnts of the GC system altered 
since t h e  prcvlous detcmination. 
Section 8.2 r q u i r c r  t h a t  a l l  u l f b r r t l o n  
gases be traceable t o  a National Bureau o f  

(SRn) or to a )(BS/EPA 8pprbved Certified 
iiafennce irrtcriri [CRmj. 
Sectlon 10.3.2 requl res t h a t  the retention 
tlme wlndow be estrbllshed throughout t h e  
course of a 72-hr rnrlytlcrl pcrlod. 
k c t l o n  10.3.3 r q u l r e s  b o t h  an inltirl  nulti- 
polnt crllbration (three ;arcls plus h a i d  
zero a i r )  rnd 8 dally crllbtrtlon (one pofnt) 
of the 6C-FID-ECD rnrlytlcrl systsr with zero 
grs dflut lor  of ?8S traceable or N W E P A  CRnt 
98Sm. [Note: 6ar cyllnden of V a s  a t  the 
ppa rrd ppb level are 8V8118bh for  wdlts 
froa the USEPA, E n r l n ~ n t r l  Monitoring System- 

Section 10,3,2 tqUI r a  t h a t  thc CC-FID-ECO 

a 

h r d 8 r d t  (NBS) Strnd8fd Reference H8terirl 

a 
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Laboratory, Qual I ty Assurance 01 v i  slon, IO-778, 
Research T r i a n g l e  P a r t ,  * 27711, (919)541-4531, 
Appendlx A o u t l l n e s  f l v e  g r w p s  o f  a u d i t  gas 
cy l inders  ava i l ab l e  frun USEPA.] 

1 3.  Ac know 1 d g e m  nt s 

The detennlnat lon of v o l a t i l e  and some sem i - vo l r t l l e  organic cuapounds 

I n  ambient a l r  I s  a c a p l e x  tusk, prlmarj ly  because of t h e  wlde va r i e t y  
o f  canpounds of I n t e r e s t  and t h e  l ack  o f  standardized sampling and 
a n a l y t l c a l  procedures. Uh l le  the re  a re  numerous procedures f o r  sampling 
and analyzing VOCs/SVoCs I n  a d l e n t  a i r ,  t h i s  method draws upon the 

best aspects o f  each one and cornblncs them Into  a standardized method- 

ology. lo t h a t  end, t he  following l n d l v l d u a l s  contr ibuted t o  the 
research, documentation and peer review o f  t h i s  mnusc t lp t .  
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toplc Contact 

, GC-NS-SCAN-S!M Or. 8111 WcClrnny 
Mr. Joachlm P l e l l  

Canlstcr Cleantnp 
t c r t l f l c r t l o n  and 
VUi3anfstcr Storage 
S tab l l l t r  

Nr. John V. I lauklnt 

Mr. Vlnce lhmpson 

Or. el11 McClenny 
Hr, Joachlm )'le11 

Oa ve- P au 1 0 a y ton 
J o h n  Rtce 

Or. R.K,M. Jrysnty 

Cryogen IC 
Sampl l ng 
Unl t 

nr, Lou Bal l a rd  
Hr, Pete  WaI.ron 

Mr,  Joachlm P l e l l  

U.S. [PA Hr. Bob L a m p  
Audlt Gas 
Standards 

.Jrers 

1J.S. Envlronmental Protcctlon Apncy 
lnvironmental Honltorlng Systems laboratory 

Research Trlsngle Park, N . C .  27711 
nn-44 

Research Tt lang l t  Lahoratorles, lnc. 

Research f r lang lc  Park,  N.C. 27709 
9.0. nor: 12501 

U.S. Envtrcmental  Protect ton Agency 
tnvlronment a1 I lonl tor lng Systems laboratory 

Research f r fangle Park, H.C. 2771 1 

I 

HO- 77 

II .S. Envtrtinment a1 Protect Ion Agency 
Envlronmenlal Honl tor lng Systems Laboratory 

Research Trlangle Park, N.C. 27711 
HO-4 4 

Radian Corporat ton 
P.0. Box 13000 
Progress Center 
Research l r l a n g l e  Park, H.C. 21709 

Research Tr l rng le  l n s t l t u t e  
P.O. Box 12194 
Research l r l a n g l e  Park, N.C. 27109 

NirTcch Cotparst lon 
2nO6 Check Road 
Durham, N . C . ,  21104 

1I.S. Envlronmental Protect ion Agency 
tnvlronmental Honl tor lng Systems laboratory 
Hn-4 4 
Research l r l r n g l c  Park, H.C. 27711 

1) .S Envlronmental P ro tec t  Ion A!pncy 
Envlranme~tal Honltorlng Systems Laboratory 

Research Trlanglc Park, N .C .21111 
HO- 7 Jfl 

Telephone No. - 
919-54 1 - m a  
919 -54 1-4680 

919-544-5115 

919-54 1.3791 

919-541-3158 
919-54 1-4680 

919-481-0212 
I 

919-54 1-6000 

91 9-682-040 2 

919 -54 1 -466  

919-541-453 1 
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TABLE 1. VOLATILE ORGIdiIC C I W C " D  DATA W E 1  

, -  
i cwm (3YNONV)o 

Frton 12 (Dlchlorodl fluormethane) 
ktlyl chlorldc (Chl ormethane) 
Freon 114 (1.2-Olchloro-1 ,I ,2.2. 

Vtn 1 chloride Chloroct?ylcnc) 
1 kt 1;1 1 bromide I Brmncthanc) 

E t  bl chlorf de (Chl oroet krnc) 
Freon 11 (TrlchlorofluoraAethant) 
Vlnylldent chloride (1.1-Dlchloroethtne) 
blch 1 ormet ha ne (He t hy 1 e ne ch 1 or1 de ) 
Freon 113 (1,1,2-Trtchlor~1,2,2- 

1 ,I-Dlchlorocthanc (Ethylldcnc chloride) 
et s-l.2-Dtchloroet~lcne 
Chloroform ( frtchlocanet hrne) 
1 ,Il-Olch 1 o r a  t hanc [Et hy 1 cne d i  c h 1 or t de) 
13ct)ryl chloroform (1,I ,l-frlchloroc:thanc) 
lecrtenr (Cyclohemtrlanc) 

I C8rbon tetr rchl o r l  de ( fttr rchl oranc t hrne ) 
~ 1,2-Dlchtor roprnc (Propylene 

t t  tr r f 1 uorott ha ne) 

trf fluorocthm) 

dtchlorldc 7 
dlchl oropropyl cne 

Trlchlorocttylcnc (frtchlarocthene) 
C t  S-1,3-01~hl0f~r cne (c l  s-I ,3- 

FORMULA 

CH 3 CHC 1 2 
CWC 1 -CIIC 1 

ClCH2CI i2Cl  
CH3CCl3 
c6H6 
C C l 4  
C H 3 C t l C l C l f ~ C l  

C t K  13 

c'cI'-ccl?J CH3CCI -Cf C I 

l?fmmm- 

120.91 
50.49 

170.93 

62 .SO 
94.94 
66 .52 

137.38 
96.95 
84.94 

187.38 

98.96. 
96.94 

98.96 
133.41 
78.12 

153.82 
112.99 

131 e 2 9  
110.97 

WE IGII1 -- 

t 19.38 

w ) I L T I c  
POINT ('C) 

-29 .n 
4.1 

-24 rn2 

-1 3 .4 
3.6 

12.3 
23.7 
31.7 
39.8 
4 1  e 7  

57.3 
60.3 
61 .I 
03 .5 
74.1 
80.1 
76.5 

. 96.1 

87 
76 

RLf lHC 
POlNT ('C) 

, -158.0 
e-97.1 
-94 .o 

-1538 .O 
-93 .6 

-136.4 
-1 11 .o 
-122.5 

-9s .I 
-36 .I 

-97.0 
-80.5 . 
-63.5 
-35.3 
-30.4 

5.5 
-23.0 

-100.4 

-1 3 .O 

CAS 
HUWRER 

74-87-3 

75-01-4 
74-83-9 
75-00-3 

75-35-4 
75109-2 

74-34- 3 

1 0 7 -0 6-2 
?I-55-6 
71-43-2 
56-23-5 
78-87-5 

63-66-3 

79111-6 
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TABU 2. ION/ABUM)ANC€ A)(D EXPECTED RETENTION T I E  
FOR SELECTED V a s  A W Y Z E D  BY 6C-lCS-SM 

lon/Abunddncc Lxxpcctcd Rctentror 
Compou n d (am/% base peak) Tlm (mln)  

Freon 12 (Dlchlorodi f luora t thane)  

Met hy 1 chl or1 de (C hl  orunethant) 

Freon 114 (1,2-Dichlor~l.1,2,2- 
t e t t a f  1 uorocthanc) 

Vinyl  chl otlde (Chloroethtnc) 

Methyl braaide (6rmmethanc) 

Ethy l  Chl or1 de (Chl  or& hane) 

Freon 11 (Tr lch lorof luor~ethanc)  

Vlnylidcne chloride (1.1-Dichloroethylenc) 

Oichlotunethane (Methylene chl orlde) 

Freon 113 (1,1,2-Trlchloro-1,2,2- 
t r i  fluorocthane) 

1 , l - D i  ch 1 otoet hane (Et hy 1 1 dene di chl or4 de ) 

c ls- 1 ,2-01 c h l  or- t hy 1 e ne 

Chl o r o f o n  (frlchlorancthanc) 

1 ,Z-Dichlorocthane (Ethylene dlchloridc) 

Hethyl chloroform (1.1 ,l-Trlch1orocthrnc) 

Benzene (Cyclohcxatrl me) 

as/ 100 5.01 
87/ 31 
50/100 
52f 34 
as/roo 

13Sf 56 
87/ 33 
62/100 
27/32S 
64f 32 
91/100 
56/ SS 
64/100 
29/140 
27/140 

101/100 
103/ 67 

61 / lo0 
961 S5 
63/ 31 
49/100 
841 65 

l S L / l O O  
101/140 
103/ 90 
631100 
27/ 64 
651 33 
61/100 
961 60 
98/ 44 
a3/100 
as: 65 
47/ 35 
62/ 100 
27/ 70 
64/ 31 
97/100 
99/ 64 
61/ 61 
781100 
771 25 

n e #  a c  
O V I  *a 

50/ 35 
Carbon t t trachl  orfde (Tctrachtorancthanc) 117 /lo0 

1191 97 

5.69 

6.55 

6.71 

7.83 

8.4 3 

9.97 

10.93 

11.21 

11.60 

12.50 

13.40 

13 -7s 

14.39 

14.62 

15.04 

15.18 

(cont I nu t (  
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0 TABLE 2. IONlA8lJND#4CE NO EXPECTLD RETENTION T I E  FOR 
SELECTED VoCs ANALYZED BY GC-nS-fIH (cont.) 

ESt 'aateO RetcnF I on /Abunda nce 
Tiny (min) - Compound (8llU/% b8Se perk) 

1 , 2 -D i c h 1 or  op r opr ne ( 0 ropy 1 e ne d l ch 1 or I de ) 

T r i c h 1 o roe t Iv.1 e ne (1 r I c h 1 o roe t he ne) 

631100 
4l /  90 
62/ 70 

130/100 
132/ 92 
951 87 

cl sol ,3-0ichloropropent 

trans-l,3-Dichloroptopene (1.3 

1,1,2-Trlchloroethane (Vinyl trlchlorlde) 

d i ch 1 oro-1- pr opene) 

Toluene (Methyl benzene) 

1 .t-Dibrmoethrne (Ethylene dibranidc)  

Tetrachloroethylene (Perchloroethylene) 

C h 1 o robe nrenc (Benzene ch 1 o r  i de) 

E thy 1 benzene 

In ,p-Xy lene( 1,311 +di methy lbtnrene) 

S t y ~ r c r  { V i  fiyl bntcnc! 

1 J.2 ,Z-Tctrrchl oroethane (Tctrrchl oroethrne) 

o-Xylene (1,2-Dlmtthylkntene) 

4-fthy 1 toluevc 

1.3 ,S-Trl metbl k nzene (Her 1 ty le ne) 

1 ,2,4-Trfnwthylknrene (Pseudocumene) 

m-Oichlorobcnzena (1.3-Dichl orokntene) 

tsiioo 
39/ 70 
??I 29 
75/100 
3/ 70 
77/ 30 
97l100 
831 90 
61/ e2 
91/100 
921 S7 

1071 1 00 
1091 96 
27.l113 

166/ 100 
1641 74 
1311 60 
1121100 
771 62 

114/ 32 
911100 

106/ 28 
91 / 100 

106/ 40 
104/100 
70/ 60 

103/ 49 
63/100 
851 64 
9 M W  

106/ 40 
1051 100 
1201 29 
10s/106 

1OS/lOo 

1 ~ / ~ 0 0  
la/ 65 

1201 42 

1201 42 

1s -83 

16 -10 

16 -96 

17 -49 

17.61 

I7 -66 

leo4a. 
19.01 

19 -73 

20.23 

20.4 1 

20.81 

20 -92 

20.92 

22.52 

22.65 

23.18 

(eontl nued) 
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TABLE 2. ION/ABUNDANCE UCD EXPECTED RETENTION TIX FOR e SELECTED VoCs ANALYZED BY GC-%-SIN (cont.) 

1 on jADunoance Expected Retention 
Comoound (amu/ I  base p e a k )  Time (min) 

Benzyl chlor ide (a-Chl orutol  uenc) 911100 23.32 

p-Dichlorobenzene (1 , I -Dichl orobenrcne) 146/100 23.41 

o-Dichlorobenzene (1 ,Z-Dichl orobenzenc) 146/100 23.88 

1,2,4-TrIch1orobenrene 18 OI100 26.71 

Hexachloroba adi tnc ( i  ,i ,2.3 ,I *< 2tS,'L09 27.68 

126/ 26 

1481 65 
111/ 40 

148/ 65 
1111 40 

1821 98 
1841 30 

Hexachloro-1,3-brrtadicne) 227/ 66 
223f 60 
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TABU 3. CENERK 6C AND I6 OPERATING CONDITIONS 

Chroma t og  r r p hy 

Col m Hcwlc t t -Pic  kr rd OV-1 c m  $1 1 nted 

17 urn f i l m  thlckncst) ,  o r  equlvrlcnr, 
-thy\ silicone (50 II It 0.31-n~~ I.D. 

Carri er Gas 
Injectton Volume Constant (1-3 uL) 
Injcctlon W e  5911 t lcrr  

Helium (2.0 an3/mln a t  250.C) 

fcnocra t u re Proq ram 

! n l t l a l  Column Temperature -5O.C 
In i t i a l  Hold 'The 2 m i n  
Program 8'C/mln to 150'C 

Final Hold Tim 15 nin 

h s s  SDectrometer 

Hass Range 
Scan Time 1 rec/rcrn 
E 1  C o n d i t i o n  70 eV 
W e z C  Cran Follow mrnufacturcr's Instruction f o r  sclccti  

mass selectlvc detector (IS) and  selected 1 
noni t o r i  ng (SI E) node 

Detector no de h l t i p l e  Ion detection 

18 t o  250 amu 

F I D  System (Ootional) 

Hydrogen F l o w  
Cirri er  F l o w  
Burner A I  r 

30 cm3/minute 
30 cm3/minutc 

400 cm3/1ninutc 
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TA8LE 4 .  4-6ROMOFLUOROBENZENE KEY IONS Aw I O N  ABUNDANQ CRITERIA 

Mass Ion Abundance Critcri a 

50 

75 

95 

96 

173 

17 4 

17 5 

17 6 

17 7 

1s t o  40% o f  mass 95 

30 t o  602 of  mast 95 

Base Peak, 1OM Rclatlvc Abundance 

5 t o  9% o f  mass 95 

<ZZ o f  mass 174 

>sm O f  nASS 95 

5 t o  9% o f  m a t t  174 

>951 but< 101s of MASS 174 

5 t o  91 of mass 176 



. 
'1014-67 

TULE 5. RESPOnfE FAClORf (ppbv/wcr c o u n t )  AND 
EXPECTED RETENTION T I E  FOR 6C-HS-fIM 
ANALYTICAL CONFIGURATION - 

Compounds 

Freon 12 
Methyl chlorlde 
Freon 114 
VInyl chloride 
Methyl bromide 
Ethyl chlorlde 
Freon 11 
V i  nyl i de ne chl or1 de 
Dl chlorawthrnc 
Trichlorotrf I 1  uorocthrnc 

cl s-l,2-Dlchlorocthylene 
Chlorofonn 
1,2-DIch1oroethanc 
Hethy1 chloroform 
Benzene 
Carbon tetrachloride 

1 r i c h 1 o r  oet hy 1 ene 
ci s-l,3-0ichl oropropene 
trant-l,3-Dlchl oropropene 
1,1,2-TrIchloroethane 
To1 uene 
1 ,t-Dibromoethrnc (EDB) 
l e t  r rchloroct hy lenc 
Chlorobenzene 
Ethyl benzene 
m , p- Xy 1 e ne 
Styter,e 
1,1,2,2-fetrrchlorocthrnc 
0-Xy lene 
CEthy l to luen t  
1,3,5-frincthylknrcnc 
1,2,4-Trlnwthylknrenc 
ra-DI chlorobenzene 
Benzyl chloride 
p-Dl chlorobenzene 
o-Dichl oroknrenc 
1,2,4-Trlchloroknrtnc 
Hcxrchl orobut adl cne 

1 ,l-Dfchlorocthdnc 

9 nd-Lllrrrrrrrrr 
4 , L - Y I b . e . r .  r*. ryr..c 

Response factor , Expected Retent lon 
(ppbv/arar count) tlmc (mlnutes) 

0,6705 
4.093 

2,647 
2,954 
0.5145 
1 .O37 
2,2S5 
0.9031 

0.7911 
1,017 
0,7078 
1,236 
0 .5880 
2 . 4 E  

1.877 
1.338 

089406 
0,8662 
O.73S7 
0.8S58 
0.6243 
0.7367 
3,888 
1.03s 

0,6181 
0,7088 
0.7536 

1,420 
0,8912 
1.004 
2,150 
0.4117 

084928 
2 8343 

1 8273 
1,363 

18383 

1.891 

087 498 

0,9643 

s .01 
5.64 
6 3 5  
6.71 

8.43 
3 .It 

10.93 
11 021 
11.60 
12.50 
13.40 
13.75 
14.39 
14.62 
15.04 
15.18 
1s .A? 
16.10 
16.96 
17 049 
17.61 
17  -86 
18.48 
19 001 
19 -73 
20.20 
20.41 
20.80 

22.53 
22.65 
23.18 
23 .a1 
23.32 

7 083 

.92 
20 892 

23 841 
23.88 
26.71 
27.68 
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TABLE 6. 6C-nS-SIH CALIBRATION TABLE 

m Ert . rnr l  

Gr g n r l  CO#.uncl 
Demctaotion u.r* 
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Peak 
N m b d  

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 

. 17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
3 6  
37 
38 
39 

TABLE 7 .  TTPICAL RETENTION TIME ( H I N )  AND 
CALIBRATION RESPONSE FACTORS (ppbv/rrcr count) 

AlcD . .  ECD A N M K I C K  SYSTM 
FOR TARGETED VOCr tJSCC1CITLO YITH F I C  

Can pound 

Freon 12 
Het ty l  chl orlde 
Freon 114 
Vinyl chlorldc 
Htthyl  branide 
E t h y l  chlorldc 
Freon 11 
V i  ny 11: de ne chl or1 de 
Dlch I oranethane 
Tr ich I orot rl f 1 uoroet hrne 
1,l-Dlchl orotth8nc 
el s-1 J-01 chl oroe t hy l e  ne 
Chlorofonn 
I ,2-0lchloroethrnc 
Methyl chloroform 
Benzene 
Carbon tetrach:oridt . 
1 ,Z-Oichloropropanc 
Trlchl orocthy lene 
cl s-l,3-Oichl otopropene 
trrnr-l,3-Olchloropr~ene 
1, l  ,Z-frlchl orocthane 
To1 uene 
1,Z-Dlbranoethrne (EDB) 
Te tr ac h l  oroe t hy l e  ne 
: hl o r o k  ntenc 
E t  ly 1 benzene 
amp- Xy 1 e ne 
Styrene 
1 ,1,2,2-Tctrrchloroethrne 
D- Xylc ne 
I-€ t hy 1 to1 Ut ne 
1,3,5-Trlmcthylknrenc 
1,2,4-Trimcthylknrenc 
c-01 :h 1 croknzcne 
benzyl chlorlde 
9-01 chl orokntenc 
D-01 ch 1 o r o k  ntenc 
1,2 ,4-trichl ombenzene 
U r c h l  orobut ad4 ane 

3.65 
4 *30 
5.13 
3.28 
6.44 
7.06 
8.60 
9.51 
9 e84 

10.22 
11 .lo 
11.99 

12.92 
13.12 
13.51 
13.54 
14 2 6  
14 S O  
15 021 
15 083 
15 a93 
16 .I7 
16.78 
17 -31 
18.03 
10 o s 1  
18.72 
19.12 
19 020 
19.23 
?Om82 
0.94 
1.46 

d . 5 0  
21.56 
21.67 
22.12 
24.80 
2s 0 8 2  

0 7  -a 
A - a a U  

k t c n t  ton 
rime (RT), 
minutes 

1 IO 
[tsponse 
:actor (RF ) 
ppbv/ area 
count ) 

3.465 
0.693 
0.578 
0.406 

0.413 
6.367 
0.347 
0.903 
0.374 
0.359 
0.368 
1 .c59 
0.409 
0.325 
0.117 
1 A51 
0.214 
0.327 

0.336 
0 -092 
0.366 
0.324 
0.120 
0.092 
0.095 
0.143 

0.100 
0.109 
0.111 

0,188 . 
0.188 
0.667 
0.305 

CCD 
/asponst 
'actor 
ppbv/ i re8 
:ount x 10-5) 

40 

1 Refer to Figures 1s and 16 f o r  peak l o u t i o n  

13.89 

22.32 

26 -34 

1.367 

3.955 

11.14 

3.258 

1 .077 

8.910 

5.137 
1.449 

9 -856 

1.055 
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TABLE 8. 7YPICAL RETENTION TIHE (minuter) FOR 

ANALYTICAL 'SYSTM 
SELECTED ORGANICS USING GC-FID-€CD-PID* 

Retent i  I T ime  m i  +++ ~~ 

Compound 
i t e s  

Ace ty  1 e ne 
1,3-6ut ad1 t n t  
VInyl chloride 
Chloruntthrnc 
Chl orot t hanc 
Branoethane 
Hethyltne Chl orlde 
trrns-1,2-Dlchl oroethylc.., 
1 ,l-Dlchl oroethane 
Chl oroprtne 
Pcrfluorobentcnc 
B ram ch 1 o rme t hanc 
Chl orof om 
1,1 ,l-Trlchloroethane 
Carbon fctrachl oride 
Bcnrene/l ,2-Dlch\ orocthane 
Perf1 uorotol uene 
f r i c h 1 o roe t hy 1 e ne 
1,2-Dichloropropent 
BranodSchl oranethane 
~ ~ s P G - !  ,?-Cfc!!l arapropylene 
To1 uenc 
c i  s-1,3-Dichl oropropylcne 
1 ,l ,2-Trichl oroethane 
l e  tr  ac h 1 of oe t hy 1 e ne 
D i  b ran0 ch 1 o rme thane 
Chl oroknrcnc 
m/ p-Xy le ne 
Sty rentlo-Xylene 
Brwf luorobentcnc 
1,1,2.2-Tttrachloroethanc 
x-9!&? acoknrcnc 
p-Olchl oroknttnt  
0-01 chlorobenzene 

2.984 
3.599 
3,790 
5.137 
5.738 
8.154 
9.232 
10.077 
11.190 
11.502 
13.077 
13.397 
13.768 
14.151 

15.128 

17.491 

14,642 

15 84 20 
17 8022 

18.369 
19.694 

21.461 
21.823 

20,658 

22.340 
22.955 
24.866 
25.763 
27 A36 
28.665 
29.225 
32.347 
32.673 
33.885 

0. 

38594 
3.781 
0- 

00 

0. 

9.210 
10.06s 

13.069 
13.403 
13.771 
14.158 
14.686 
15.114 
15.4 12 
17 .Ol4 

-0 

11 mi 

17 8522 
0- 

19 -688 
20.653 
21.357 

22,952 

25.757 
27.030 
28.660 

32.342 
32.666 
33 8 880 

0- 

22 8335 

24 .861 

29 8228 

Varlan. 3700 GC q u l p p e d  with J 
C O l m  (30 rn X 0.53 1.0, mn) using helium carrier gas. 

W Hegabore. 08 624 Caplllrry 
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TABLE 9. GC-HS-SIM CALIBRATION TABLE 

R o t  T i w  C(r8 
:.ooa 1 
:.490 2 
4.:ws 3 
6.709 4 
7.931 : 
9.431 6 
9.970 7 

10.927 # 
1 l . t W  9 
l l .J31 10 
11.ZQf 11 
12.:02 12 
ll.40: 13 
13.747 14 
14.Z87 1s 
14.b2Z 16 

JS.18: 10 
1 1 . 0 3  19 

l b . V %  21 
17.492 fZ 
17.b10 t 3  
17.562 24 
18.46: tf 
lT.012 t 6  
19.729 27 
20.19: 28 
20.401 29 
t o .  006 :o 
23.916 31 
20.021 ZZ 
=.:a zz 

):.oxi 17 

A & . V i .  ZU 

Signal h s c t  &mt oDtv 
13iio 

ezao 
1 z720 

0010 
12210 
14-14 

7890 
127K) 
13h30 
7420 
12710 
12630 
7470 
9040 

10760 

12780 
87S6 
* s a  

l2b90 
10010 
b716 
7030 
7160 
l Z 7 4 O  
~ w o  
12190 
1 1690 

12380 

e l m  

e 3 0  

ssao 

1 toe: 

1 t4ZO 
12710 
1:b-b 
moo 
1 f=-0 
13510 
13:20 
7470 

Lvl 
1 1  
i a  
i a  
i a  
1 1  

1 3  

1 1  

1 3  
1 4  
1 1  
1 4  
1 4  
1 :  
1 4  
1 3  
1 3  
1 4  
1 4  
1 3  
1 3  
1 .1  
1 1  
1 3  

1 :  
1 4  
1 4  
1 1  
1 1  
1 1  
1 4  
1 q  
t t  
l a  
1 1  
1 :  
1 1  
1 :  
1 1  
1 1  
1 4  

1 1  
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TABLE IO. EXAnPLE OF HARD-COPY OF 6C-W-SIH A W Y S I S  

- 
Date f i 181 DC;fA# 6YR2AOZA.  0 
F i l e  type1 GC / ?IS DATA FILE 

Name In401 SYK 1 
mise Info1 
Op*tato+ t JDP 

D 8 t m  I 8 Jan 87 10102 am 
fnsttmmnti ~ 5 3 9 7 0  
I n l e t  a G f  

- 

Sequence index I 1 
41s b o t t l e  n u m  x 2 
Fceolicate num t 1 

FALSE t Shoulder Detection Enbbled 
0.020 8 Expected Peak Width ttlin) 

11 8 f n d t i r l  fe&k Detection Thre8hold 
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TABLE 10. EXArPLf. L!F KARD-CCPY OF 6 C - ~ - f I M - - A N A L Y f l S  (cont,) 

6 mal .  1 nt  k.t 

-3 
?? 

SI anal C o r o o u N  
De mer a 0 t 1 on N.U 
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(Sectlon 10.4.12) 

FJGURE I. ANALhCAL SYSTEMS AVAIIABLE FOR CANISTER 
VOC IDENTIFICATION AND QUANTITATION 



Toll- 75 

To AC 

-1 .e hieten 

- 
Ground 
Level 

vent 4 
I I  hbss Fiow Meter 

I L  

to  Ac 

FIGURE 2. SAMPLER CONFlGURATlON FOR SUBATMOSPHERIC 
PRESSURE OR PRESSURIZED CANISTER SAMPLING 
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i i  Vent 

FIGURE 3. ALTERNATIVE SAMPLER CONFIGURATION FOR 
P R E S S U R E D  CANISTER SAMPLING . 
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4 
0 
c 
P 
I 
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FIGURE 8. SCHEMATIC OF CALIBRATION SYSTEM AND MANIFOLD FOR 
(a) ANALYTICAL SYSTEM CALIBI3ATION, (b) TESTING CANISTER SAMPLING 
SYSTEM AND (c) PnEPARlNG C/WCTER TRANSFER STANDARDS. 



(a). Slmple CltcuIt For Operating Magnelatch Valve 

(b). Improved Clrcult Deslgned To Handle Power lnterruptlons 

FIGURE 9. ELECTRICAL PULSE CIRCUITS FOR DRIVING 
SKINNER MAGNELATCH SOLENOID VALVE WITH 
A MECHANICAL TIMER 



T O W  83 a 
CANlSTU SAMPLHG F E U  DATA SHER 

.. 

A GENERAL WFORMATWN 
SITE LOCATION: SHIPPING DATE: 
SnE ADDRESS: CANISTER SERUL NO: 

SAMPLER 10: 
OPERATOR: 

SAMPLING DATE CAMSTERLEAK 
CHECXDA * 

8. SAMPUNG INFORMATION 
TEMPERATURE 

INTERIOR AMBIENT ?AxIMUM hUNlNlUM CANISTER PRESSURE 

SAMPLMG TlMES FLOW RATES 
MANtFOLO CANISTER FLOW CONTROLLER 

FLOW RATE FLOW RATE READOUT 

STOP 1 
SAMPLING SYSTEM CERTIFICATION DATE: 
OUARTEFilY RECERTlFtCATiON DATE: 

c. meownom mFoRwnoN 
DATE RECEIVED: 
R E C E M D  BY: 
INITlAl PRESSURE 
FINAL PRESSURE: 
OlLLmON FACTOR: 
ANALYSIS 

GC-RDECD OAT€. 

GC-MSDSIM O A I E  
GGMSSSCAN DATE: 

RESULTS': 

FIGURE 10. CANISTER SAMPLING FIElD DATA SHEcr 



I TIME + 
(a) SCAN analysis 

TIME --C 
(b) S1M analysis 

w 
t 

I TIME+ 
(c) FID analysis 

L 
I TIME + 

(d) ECD analysis 

I I I  I ll 

FfGURE 11. TYPICAL CHROMATOGRAMS OF A VOC SAMPI 
ANALYZED BY GC-MS-SCAN-SlM MODE AND 
GGMULTIDETECTOR MODE ' .  

rrcdaw? and rnrinannmmc f.CyCWmmr 
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Cryogen 
Exhaust 

Insulated i-c 
Trap 

Shell 

Wound 
(250 watt) 

watt) 

Cryogen In 
(Llquid Nitrogen) 

FIGURE 12. CRYOGENIC TRAPPING UNIT 
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FIGURE 13. FLOWCHART O f  GCMSSCAN-SlM ANALYllCAL 
SYSTEM PREPARATION (WITH OPTIONAL FID SYSrrhn) 
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FIGURE 14. FLOWCHART OF GCFlDeCD-PI0 
ANAlYnCAL SYSTEM PREPARATION 
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I 
A 

TIME + 
(a). Certified Sampler 

1 I w I 

(b). Contaminated Sampler 

FIGURE 17. EXAMPLE OF HUMID ZERO AIR TEST RESULTS FO' 1 
CLEAN SAMPLER (a) AND A CONTAMINATED SAMt A' 
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1100 

o a 2 a 4 I s t I a i o  
Concrntratbn (ppbv) 

FIGURE TD(a). NONLINEAR R E S P O N S E  OF 
TETRACHLOROETHYLENE ON THE ECD 

O 1 2 3 1 S 6 7 ~ 9 1 0  

FIGURE ia(b). NONLINEAR RESPONSE OF 

Conont  r r  l Ion (p pbv) 

CARBON TETRACHLORlDf ON THE ECD 

i B - 
c 
I c. 
rn 
C 
- 
a s 
m 
t 

I l l 1  1 1  1 1  I 1  
0 

0 1 2  J 4 5 6 7 8 8 10 

bncrmratlon (ppbv) Concmtrrtlon (ppbv) 

FIGURE  ti(^). NONLI-R naPoNss OF 
HEXACHLOROBUTADLEU ON THE PCD CHLOROFORM ON TH€ ECD 

FIGURE l8(d). LINEAR RESPONSE O f  

a 
FIGURE 18. RESPONSE OF ECD TO VARIOUS VOCs 
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nGURE 19. U.S. ENVIRONMEIUAL PROTECTION AGENCY UATP, 
SCHEMATIC OF SAMPLE INLET CONNECTIONS SAMPLER 
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I hwm- -h.p.n- 

A 4 

FIGURE 20. FLOWCHART OF ANALYTlCAL SYSTEMS PREPARATION. 
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T A B U  A-1. AVAILABLE USEPA PERFORHAKE 
AUD If CYL I MIE RS 

Group I Canpounds Group I1 Canpounds Croup 111 Compounds 

Carbon T r 1 c h 1 o roe t hy 1 e ne 

Chlorofonn 1 ,2-dlbranocthane 
Perchloroet hylcnt  Acetonl t r l  le 
VInyl chlorlde 
Benzene 

tetrrchlorl de 1,2-dich\oroethrnt 

Trlchl orof 1 uoranethrne 
(Freon-1 1 ) 

Dichl orodl fluoranethane 
(Freon-1 2 )  

B r mom e t h a ne 
Methyl ethyl ketone 
1.1 ,I-ttlchlorocthane 

Grouo 1 Ranges 

7 t o  90 ppb 
90 t o  430 ppb 

430 t o  10,000 ppb 

G r o w  fV 

Acrylonl t r i l e  
1 ,3-but rd i  ene 
Ethylene mldc 
Met hy 1 enc c hl o r 1 de 
Propylene mide 
o-xylene 

G r O u D  IV Rrnacs 

430 to 10,000 ppb 
7 t o  90 ppb 

Group I 1  Ranoer 

7 t o  9G 93b 
90 t o  430 ppb 

Grouo V 

Carbon tctrachlorlde 
Chlorofonn 
Pe rch 1 oroe t hy le ne 
VInyl chlorlde 
Benzene 
Trichloroethylene 
1,2-dichlorocthane 
1.2-dlbromcthane 
1 ,l ,I-trichl orochtane 

Grouo V Ranaes 

1 t o  40 ppb 

Pyrldlne (Pyrldlne In C ~ W Q  

Ylnylldtne chlorlde 
1,1,2-trlchlor~1,2,2- 

1,2-dl chloro-1 ,l ,Z ,Z- . 

k e t o n e  
1-4 Dloune 
toluene 
Chlorobenzene 

I11 cylinders but cer t l f i td  
rnrlyslr n o t  r v r l l r b l t )  

trl  f l  uoroethrnt 
(Freon-I 13) 

tctraf 1 uoroethrne 
(Freon-1 14 )  

Group I 1 1  Ranges 

7 t o  90 pFb 
90 t o  430 ppb 

Methylene drlorlde 
Trl chl o r  of1 uoruncthane 

(Freon-1 1 ) 
8 r mane t han e 
To1 uene 
Chlorobenzene 
1.3-Butadl cne 
a-xylene 
Etbl benzene 
1 ,L-dlchloropropanc 



APPENDIX A 

AVAIUBILITY OF AUDIT C Y L I W E R S  FROM UNITED STATES 
ENVIRONENNTAL PROTECTION AGENCY USEPA P R O G R W S /  
REGIONAL ( T F I Q S ,  STATE AND LEAL AaNCILS AND 

THEIR Q)MRACTORf 

1. A v a i l a b l l l t y  of A u d i t  Cyl lndr rn  

1.1 The USEPA has a v a i l a b l e ,  a t  io’char!ie, c y l i n d e r  gas  standards 
of hazardous o r g a n i c  caapaunds r t  the ppb level t h a t  m y  be 
used t o  u d i t  t h e  perlonuance of !door air source  measuremcnt 
s y s t  cru 0 

1.2 Each & d i t  cylinder conta ins  5 t o  18 hazardous organ ic  can- 
pounds I n  a balance  of M2 gas.  Audit c y l i n d e r s  a r e  a v a i l a b l e  
i n  several concen t r a t i on  ranges. The concen t r a t i on  of - ccch 
o rgan ic  canpound i n  t h e  audit  cy l lndc r  i s  wi th in  the  range 
illustrated I n  Table A l l .  

2. Audi t  Cyl inder  C e r t i f i c a t i o n  

2.1 A l l  a u d i t  c y l i n d e r r  a r e  p c r l c d i c a l l y  a n a l y z a  t o  a s s u r e  tnrt  
c y l i  neer concen t r a t i ons  have remained stable. 

2.2 All s t a b i l i t y  ana lyses  include q u a l i t y  con t ro l  ana lyses  of 
ppb hazardous o rgan ic  gar s tandards  prepare! by t h e  National 
Bureau o f  Stardrrds for USEPA. 

3. A u d i t  Cyl lndcr  Acqu i s i t i on  

3.1 USEPA prog raNrcg iona1  offices, strta/locrl agencies, and their 
c o n t r a c t o r s  may obta in  a u d i t  c y l i n d e n  (and an a u d i t  gas delivery 
system, I f  r g p l i c a b l e )  for ptrfomance a u d i t s  dur ing :  

o RCRA Hazardous Yaste Trfrl Burns For PHK’s; and 

0 h b l t n t / I n d o o t  Alr ntasurenwnt of Toxic Organics. 

3.2 The a u d i t  c y l i n d e r s  may be rcqui red  by con tac t ing :  

R o k n  L. Campe 
US. Efivironmcntrl P r o t e c t i n n  Agency 
C n v i r o r m n t a l  #ani t o r i  ng Systems LaboratoQ 
Q u a l i t y  Assurance Div is ion  
?iD-776 
Research Tr iang le  Park ,  WC 27711 
919-54 1 4 3 1  



APPENDIX 8 

OQERATI tG PROCEDURES FOR A PORTABLE GAS C H R O M f  EQu 1PPED 
YITH A PHOTOIONIUTION DETECTOR 

1, scope 

This procedure i s  Intended t o  screen awblent rjr tnvfronmtntt t o r  
vo la t i l e  organic cmpounds, Scretnlng I t  accanplfthcd by col tact ion 
of VOc sawlet w i t h l n  an area and a n a l y s t s  onslta using a portable gas 
chramatagrgh/lntegrrtor (Photovrc Models lOS10, 1oSso) o r  q u l v a l r n t  
Thls proccdure i s  not intended t o  yield quant l ta t l ve  o r  d e f i n l t t  q u i l l -  
t a t l v e  in fomat ion  regrrbing the  substances detected. Rather, i t  pro- 
r ldes a chromatographic m p r o f l l t m  o f  the occurrenCL rnd In tens l ty  o f  
unknown v o l a t i l e  conpounds which assists i n  placement o f  f ixed-si te 

sullglen, 

2, Applicable Oocuarcntt' 

2.1 ASTW S t a r d a d s  

E260 - Recommended 9ra:tlce f o r  General Gas Chranrtograohy 
P roc ed u r eo 

E355 - Pract ice for Gas Chranatography f e n s  and Relatlonthips 

2.2 Other Documents 

Portable Instruments User's Manual f o r  Monitoring VDC Saurcts, 
fPA-34011-86-0l5, U .$. Envl ronmental Protect ton Agency, Yashi ngton, 
DC, JuneI 1986. 

3. Sumnrry o f  Method 

3*1  An a i r  sample 1s  e x t r r c t d  d i r e c t l y  fran r e l e n t  rir and rnr lyted 
on-r i te  by a p o n a l e  6C. 
An&lySlt 1s r c a p l i s h t d  by drawing an accurate volume of r e l e n t  
rlr through r sampitng por t  and i n t o  a concentrator, then the  
Sample air 1s transported by crrrlct gas onto a packed calm and 
In- 8 010, r c s u l t l n g  I n  response pcrt(s), Retention t t m e s  are 
campard with those i n  a standard d\raatoqram t o  p r d i c t  the 
probable ident i ty o f  the sample cunponents. 

4. Significance 

4 * 1  V N s  ate emitted I n t o  the r tmrphe ta  fran a v r r l t t y  o f  sources 
lnc lud lng petroleum r e f l n e r i t r ,  synthetic organlc chemlcal plants, 
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natural grs processing p lan ts ,  rrd autoambile u h w ~ t .  Many of 
these VOC anissions are rcutely toxic; therefore, their datemi- 
nation i n  indoor rlr 1s nacessrry t o  rssest b u n  hcrlth imglcts. 

4.2 bnventlonrl methods f o r  VOC deteminrtion use sol id  -?bent 
and unlster  srrpllng technlqucs. 

4.3 Collection of lndoor r l r  srnplu In crnlsten provides (1) 
convenient integtrtlon of -lent srmples over I speclfic ti- 
period, (e.g., 24 hours);  (2) remote srr011ng rnd ccntrrl rnrly- 
sir; (3) ers t  of stotlng r rd . rh ipp lng  smp1es, i f  neeastry; 
(1) unattended sample collection; (5) rnrlysis of tamplo tram 
multiple sites w i t h  one rnrlytlcrl systm: rnd (6 )  collcctlon of  
tufflclrnt sample m l m  t o  8110W rsscrmtnt of nrturcmcrrt pre- 
e l  slon rrd/or analysts o f  samples by scrrtrl analfifcal ty~tmt .  

4.4 The use al ponablt 6 t  q u l p p c b  with aultidetecton has assisted 
air toxlcs programs by using the portable CC as r .screening tool' 
to dctarafnt  .hut spots 
qrvn t i t a t ion  of v O C ~ / S v a t ,  prior to lout ing =re traditfonrl 
f lxed-slte umplt no 

I 

putenti 81 1 eerfcrences e end' semi- 

@ 
5. Dcflnitlons 

Definitiom used I n  t h i s  document and I n  any uscr-prepared Standard 

Operating Procedures (SOPS) shou ld  k consistent w i t h  ASTM Methods 
013S6 rnb E355, 43brevlrtions rrd ryllbols pnlntnt t o  t h i s  method 
are deflned a t  p o i n t  trf use. 

60 Interferences 

6.1 The most slgnlficrnt Interferences result fran extram dif fer-  
ences i n  tlmits o f  detectfon (LOO) rmmg the target v a s  (Tale 
8-1). tlmitrtlorrr In rctolut lon rssocirted with r a i t n t  tccaparr- 
tufa, chranrtogtaphy and the rctrtfrety large n u n k r  o f  ChccrlcrlS 
result I n  coelution of W I Y  o f  the target conponentr. Coclvtion 
of  canpounds 4 t h  stgnif  l u n t l y  dif fertnt PI0 senslt~rltleS 
rill matt canpounds r i t h  more modest Mnrltlvltles.  MIS dl ' l  
be aost dramatic i n  Interferences from benzene rnd t ohne .  
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6.2 A typ ica l  chromatogram rrd perk rrsignmentr Of 4 Strrdrrd n lx ture 
of  ta rge t  V a s  (under t h e  --  prescribed a n r l y t l c r l  condlt iont of t h i s  
metbd) ate l l l u r t r r t e d  i n  Figure 6-1. Simpler which contain I 

highly  canplcx mixture of caaponents and/or l n t t r f e r i ng  \evclt o f  
bcntent 8nd toluene @re r n r l y t d  on a second, 1OnQer Chrorartographlc 
colunn. The same l i q u i d  phase I n  the pr l fury  c 0 1 m  I S  contrlned 
l n  the r l t e rna te  column but r t  r hfghcr percent lording. 

6.3 Rece-nt deslgns I n  camerc ia l l y  r v r l l r b l e  6Ct (frble 8-21 have pte- 
conccntrrtor caprbilltles f o r  t rmpl lng lower concentrrt lont o f  YOCt, 
pre-eolunn dctectfon w i th  b rc t - f l ush  c rpab l \ f t y  fo r  shorter bnr ly t i -  
crl time, constant column temperature for nt thod pteClSlOn and IC- 

curacy rrd mukldetectot  ( P I D ,  ECD, and FID) caprb l l l t y  for  ver- 
s r t l l l t y .  Many o f  these newer features address the rc r tnesr l r  and 
fnt tr ferenccs mcntloncd above. 

.) 

7. Apparatus 

7 

7.2 

6rs chronatogrqh. -h eC (Photovrr Inc., 739 I( Parks h e ,  Wunt- 
ington, MY, 11743, Nodel lOSl0 o r  lOSSO), o r  quiva’lent used for  
Surveying rnbiem air environments (which could employ 8 multldc- 
t e c t 6 r )  f o r  sensing numerous WCs cunpounds eluting frcm a packed 

Colunn r t  roan temperrturtr. Thlr  part icular  portable CC procedure 
I t  written c!q!sY(ng the phototonirat ion detector as I t s  major 
Sensing &vice, as pan o f  the Photovrc Mode1 lOSl0 portable GC 
survey tool. Chrunrtogrunt are developed on a column of 3% 
SP-2100 on 100/120 Suplcopofl (0.66 ai x 3.2 arm I.D.) r l t h  a flow 
of 30 cm3/min a i r .  
GC ucetsorles. 
s tve r r l  other pfeces o f  equipmrnt art requIrcd t o  .execute the 
survey srmpllng. Those lncludc g8S-tlght syrlnges for Standard 
Injection, alternate crrrfer gas supplf cs, high pressure connee- 
tlont f o r  f i l l i n g  the  in te rna l  c a r r i e r  gas reserVofr, and If 
the Hodel .10fl0 1s.used. a recording i n t c g r i t o r  (Hmlttf Prctard, 

Avondala, PA, Node1 3390A). or  cqutvr lent . 

I n  r d d i t l o n  to the basic 01s chrmrtogrrph, 

8. Rergents and H a t e d 8 l t  

8.1 Carder gar. .ZeroD a i r  (<0.1 ppm t o t a l  hydroutbon (THC)] 1s 
used as the u r r l e r  98s. Thls gas Is convenlently contrincd I n  

0.61 11(3 (30 ft3) rlumfnur cy l i ndcn .  Car rh t  ws of poorer q u r l l t y  



a 
my result In  spu r ious  p c k s  1n srrrple c)rtarnrto9rMS. A Broots, 

.7yst 1I5'r02XCb4A rummeter {or q u l v a l e n t )  d t h  rn R-215-MA 

8.2 fysrun p r f o r r u n c r  mlxture,  A mlx tu re  of thtee t8rget cme-mds 
t u b e  rrd glass f lort  I t  used t o  set cotrnn flow. 

(e.~., k n t e n e ,  t t tch lor#t~lem,  rrd s ty rene )  I n  nitrogen i s  
used for mnltor lng 1 nttmment p r r l o n u n c e ,  The r Q p r o x i u t t  
concerrtrrtlon for each of the canpounds In t b l t  mlxture 1s 
10 pmtt pr b l l l l o n  (ppb), thls mtxture  I s  mnufrc turcd  I n  

Spec1 r l ty  6ases. or q u l v r l r r r t ,  
8.3 Reagent grrde n l t t o g e n  gas. A rmll dltposrble cylinder of hlgh 

. p u r i t y  n l t rogen  98s I t  usea for  b lank  lnjectlont. 
8.4 Sampling syr inges .  6rs-ttght syrlngas, without rttrchcd rhut-of f 

*alvei  (Hamilton Hodel lOOtL?), or q u l v r l e n t  w e  used t o  l n t r o -  
d u o  r c u r r t e  sample volunes i n t o  t h e  hlgh prrtsure I n j e c t o r s  
an the :mrtcL?C 3rr cku8atogrrgh. Cu syringes r i t h  shut-off 
valves arc nat  recamended kcruse d # n f y  F o b l a a s  r s toc l  rted 
4 t h  the rrlves, For srlr.pla s u s p c f d  of contr lnlng h l g h  con- 
ccntr rtiora o f  volrtlle cangOundsr ditporrble glrrr Syr lnp tS  
(tog, Clrriut, or q u l v r l a n t )  with s t r l n l e t t  t tcc\ /Teflono hub 

n e d l a  arc used. 

for f l l l l n g  the i n ~ ~ l  carder gas rtservo4r on the pnrble 
6C 1s used t o  a l lver  'zero' alr. 

SMl'l, disposable 988 CylfrdefS Cat 275 kP8 (40 P S I ) ]  frm Scott 

e 

8.5 High pressure filler. An d r g t t r  (Photorrc SAlOl, or  q u l v r l t n t )  

9. Procedure 

9.1 Instrument Setup 

9.1.1 The portable  as ChraUtogtaph must be prcprrd p r i o r  t o  
use i n  t h e  rabient surrey rampltng. the p r e - s u g l l n g  reti- 
rltles conslst of fllllng the lnttmrl artier gar 
t y l i n b t ,  cha rg ing  the tntrrnrl p o w  S u p P b ,  W u s t f n g  
l d l v l d u r l  col- a r t i e r  gas f l o ~ ,  rrd S t r b l l l t l n g  th 
photO~Onl t r t locr  detector. 

9.1.2 The Ifitem81 n r e n o l r  1s fl l led with ' Z e d  81ro 
The l n t e m r l  In, 6&4 lerd/wtd brtttv e r n  be nchr-td 
t o  provide up houri of o p r r t i o n ,  A brtt try 

a 
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which I t  discharptd w i l l  A U t O m l t l C a 1 l y  CluSe the power 
t o  t h e  i n s t r u m e n t  t o  k s h u t  down and will r q u l r c  an  
o v e r n i g h t  charge.  Oar lng  AC o p e r r t i o n ,  the bat ter ies  
wit1 a u t a M t l c r t \ y  be trlctte-chrrged or In r s tandby  
mode. 

9.1.3 The p o r t a b l e  6C s h o u l d  be operated ( u t l n g  t h e  I n t e r n a l  
battery power s u p p l y )  a t  least f o r t y  n l n u t u  prior t o  
c o l l e c t i o n  of the f l m t  sample to i n s u r e  t h a t  t h e  pho- 
t o l o n r r t l o n  detector hat s t ab l l l zed .  Upon a r r l v l n g  a t  
the area to be sampled,  t h e  u n i t  should  be connected 
t o  AC power, I f  r v r l l r b l c ,  

- 

9.2 Sample C o l l e c t f o n  

9.2.1 After t h e  p o r t a b l e  Q a t  ChrmAtOgraph I t  '1OCatcd and 

connec ted  t o  llOV AC, t h e  carrier g a s  f lows m u s t  be 

meter, 3: SP2100 columns are a d j u s t e d  w l t h  n c d l e  valves.  
Flows o f  60 cm3/mln (5% SE-30) and 33 cm3/min (3% S P t l O O )  
I r e  adjusted by means o f  a c a t i b r r t e d  rotameter. Switching 
between the  two columns Is rccanp l i shcb  by t u r n i n g  t h e  

v a l v e  l o c a t e d  k n t r t h  the electronic module. During long 
p e r i o d s  of  l n r c t l v i t y ,  the  flom to both columns shou ld  
k rsduced t o  c o n s e r v e  pressure I n  the I n t e r n a l  carrier 
gas supply.  The bastllne on the r e c o r d c r / i n t e g r i t o r  
1s set t o  201 f u l l  scale, 

9.2.2 Pr lor  to r n a l y s l r  o f  a c t u a l  samples, an i n j e c t l o n  of t h e  
p r f o n n a n c e  e v r l u a t l o n  mixture must be made t o  v e r i f y  
C h r a n r t o g r a p h l c  and detector performance, Thls Is accaa- 
p l l t h c d  by u l t h d r a d n g  1.0 mk tusp1ts o f  tilt d x t u r e  
frm the c a l l b r a t l o n  cyllnder and l h j e c t l n g  I t  onto  the 3% 
SP2100 column. The n e x t  sample ana lyzed  s h o u l d  be 8 

blank ,  c o n s l s t l n g  of r t a g t n t  grade n l t r o g t n ,  
9.2.3 A m b i e n < r l t  samples are t n j c c t c d  o n t o  t h e  31 SPZlOO 

column. The cbrmatogram Is  developed f o r  15 minutes ,  
Sampler Wnlch produce p a r t l c u \ r r l y  campla  chranr tograms,  

adjusted. F l o n  tk 1.22 ntttr,  5% Sf-30 A n d  0.66 
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0 especirlly for early elutlng canponewts, are n l n j e e d  
on the 5% SE-33 co\umn. fkace: In no l r s t r n u  Should a 
syringe rhlch hrs been used f o r  the lnJect1On of thr 
ca~lbrant/system perlomance rlrrtur8 be used ?or t!w 
rcqulsitlon and collection of traglm, or vice vena.) 

9.2.4 Srrples hrve generally been collectad ftm tk -lent alr 
a t  t l t e t  rhlch are near suspected sources o f  V a s  an6 - SVOCs and compared u l th  those which are not. Typlcrlly, 
selcctlon of  t u p l e  locrtions 1s based on the presence 
o f  chcmlcal odon. Sampler collected I n  areas uithout 
detectable odon  have n o t  shown slgnifiunt PID responses. 
Therefore. surpling efforLs should be l n l t l a l l y  concen- 
trated on gsuspet' envlroments (1.e.. those rhleh have 
appreciable odon). The objective of the sarpllng 1s to 
locate sources of the target cmpounds. Ultlartely, 
sanplcs should be collected thrwghout the entire locrtlon 
b u t  4 t h  partlculrr attention glven to areas of hlgh or 
f rquent occupa t lon. e 

9.3 Sample hrly5ls 

9.3.1 Qualitrtlve rnalyrls. Positive ldentiflcrtlon of sample 
canponentt 1s n a t  the objective o f  t n l r  @scretnlng@ proct- 
dum. Visual crrrparisan of retentlon t i n s  to those In 
I standard chrartogrrm (Flgure 8-1) arc used only t o  
prtdlct the probable Maple caponent types. 

.. 

9.3.2 Estimation of levels. As d t h  qualltrtlvc analysis, est+ 
mates o f  canponent concentratlons are u t rme ly  tentrtlvc 

species (0.9.. knrene, trichloroethylene, styrene), t h e  
proposed caaponent lctntl?l  crtlon. rnd the d l f  ference 
In response between trwle ccapoacnt and crllbrant. For 
purposes o f  locrtlng pollutant aaltslon sources, roughly 
estlaitd concentrrtions a d  suspected carpound types are 
considered sufflclent. 

and 8n b8$d  on 1fbSt-M responses t o  thc Crllbrrnt 



10, Performance Crlteria an8  Qual i  ty Assurance 

R q u l  red qual1 ty a t t u r r n c e  measures and guldanct  concerning perfor- 
mncc c r t t c r l a  t h a t  should be rchteved wlthln trrch laboretory are 
sumarlrcd rrd provided l n  the followtng sectlon. 

10,l Standard Operrtlng Procedures 

10el,l 508s should be generated by the users to Qscrtbe - and document the f o l ' l o d n g  rctlviticr i n  their  lrbora- 
toy: (1) rssentrly, u l l b r r t l o n ,  Jerk check, and oper- 
ation of t h t  spcclflc portable GC Sampling system and 
aqulpmcnt ustd;  (2)  p r e p r r a t l o n ,  storage, shipment, and 
hand l ing  of the portable 6C sampler: (3) purchase, tcr- 
t l f l c a t f o n ,  and t r a n r p o n  of standard re fe rence  ante- 
H a l t ;  and (4 )  811 aspects of data record ing  and proc ts t lng ,  
lncludfng l l s t s  o f  canputtr hardware and software used. 

10.1,Z Spec l f lc  t tcpdse l m t r u e ! o m  should k provided i n  
the SOPS rrd should bc n a d f l y  available ts and under- 
stood by the p e n o n n e l  ronduc t ing  the  survey wort. 

10.2 Quality Assurance Program . 
* 

10.2.1 Reagent and mterlrlt m t t o l  . the .carrier gas crnployed 
with  t h e  portablt 6C 1s b r o  rlr '  contalnfng less t h a n  
O e l  ppn VoCs. System . performance mixtures  are ccrtlfled 
s t a n d a r d  mlx tu tes  purchased from Scott Specialty 6ases. 
or q u l  v a l e n t  , 

sheets mut t  be c a p t c t t d  f o r  each trmple, Spec i f i c s  of 
the sample with t e ~ a r d  t o  tampllng l o u t l o n ,  sraqlt volume, 
rnr~ys l t  condltlons, rnd suppsrtt ng cal f b r r t t o n  and v t s u d  
4nspcctlon in format ion  are detrlltd by these documents. 
An urlnplc fom 4s exhlblted l n  Table 6-3. 

10.2,2 Sampling pro tocol  rrd chain of custody. Samdllng pro tocol  

10.2,3 Blanks,  D u p l l u t e s ,  rnd Sycrtcca P t r f o m r n c c  Srmplcr 

10.2.3,l Blanks and Dupllcrtts. t a n  percent  of a l l  In- 
j e c t i o n s  made t o  the portable 6C are blanks, 
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uhen the b l rnt  1s reagent grade nltrogen gas. 
Thlt  1s the second In ject lon I n  arch suopllng 
loutlon.' An d d l t l o n r l  105 of 811 InJectlons 
r a d ,  an d u p l l u t e  lnjecflons. fhlt ul l l  en- 
hance the probrbl l l ty  that  t)r chrawtogrrm of a 
t u p l e  ref lects only the cunporltlon of th8t  tam- 
ple rrd nol my prevlous lnjectlon. Blank tnjec- 
t lons showing I s l g n l f l u n t  rlrount o f  contmlnants 
w l l l  b uuse for tcrcdlrl rctlon. 
System Perfoorunce Mlxture. An ln ject lon of the 
systea perlommce alxture u l l l  be made a t  the be- 
glnnlng o f  8 rltlt ta 8 partlculrr srmpllrtg IOU- 
t l o n  (Le., the f lmt  lrrjectlon). The range of 
rcceptable chranatogrrphlc system pcrfornuncc crl- 
t e r l r  and dttector response 1s shown I n  Table B-4. 
thew t t l t e r t r  are selected ulth regard t o  the ln- 
tended rpp l l c r t l on  of thlt protocol and the l l m i t r  

m 8 1 1 r b l l l t ~  of standard alxtwes l n  tRls area. 
Correctlve rctlon should be taken wlth the- c o l m  
or PID before t u p l e  1nJeetlons rr# sade If the per- 
fomrnce 1s de& art-of-rrqe. Under th ls teglncr 
o f  blanks and tys t ra  pr fonunce smples, apptoxl- 
Y t d y  elght  s8mples crn  k c o l l e c t d  and r n r l y r d  
I n  r t t r e e  bur rltlt to each u r p l l n g  lou t lon .  

a 

10.3 Method Precl t lon rnd Accuracy 

TRe purpose af the rnrlytlcrl approach o o t l l n d  I n  t h l s  aethod 
Is t o  p rw lde  presmptlre I n fonu t i on  ngwd lng  the presence 
of se lec td  VOCt a d  SVOCt emlttlolrr. I n  t h l t  context, prcclr lon 
and rccurrcy are to be deterrtned. Horcver, q u r l l t y  rssurrnce 
c r l t e r f r  are dcscrlbed l n  k c t l o n  10.2 uhlch lnsure the samples 
collectd ngrrsent  the lndoor emlroment. 

10.4 Rmge and Ltmltt of Detectfm 

The range rnd l l a l t r  of dctectlon of t h l t  aethod are hlghly 
canpound dependent due to large d l f f e n n c u  I n  response of 
the portable 6Cs photo lon l t~ t lon  d e t k t o r  to the v r r lou t  



tarpet cunpounds. Aranatlc canpounds and o l e f i n i c  hrl ogcnrted 
compounds wlll be detected a t  lower levels than the hrlocntthanes 
o r  a l i p h a t 4 c  hydroutbonr. The concentration range of appllcr- 

t lon o f  thls method I s  approximately two or&= of magnitude. 

. 
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TABU B-1 

ESTIMTD LIHITS Of DETECTION (LOO) FOR SELECTED Y O C t  
BASED O N . 1  ul SAMPLE VOLUlr 

Compound LOO ( n g )  ' LOO (ppb) 

C h l  o rof o nn' 2 450 
1 ,l ,l-Trlchlorocthanea 2 450 
Carbon tetrachloridea 2 450 
Benzene .006 2 
1 ,2-Dlchloroethaneb .os 1 4  
f r  ;chloroctblen@ .os 14 

14 T e tt ac h 1 o roc t hy 1 en& 
1 ,t-Dibranoethrnc .02 2 
p- xy 1 en& 002 4 
n- xy 1 e ncc .02 4 

5 ty rcnc .01 3 

.os 

o-xylenid 001 3 

4 

achlorofom, 1 ,l ,l-Trl chloroethanc, and Carbon t t t r r ch lo r ld t  coclutc on 

bl,P-Dlch\orocthrne, Trlcholroethylene, and Tetrachloroethylene coclute on 

Cp-Xylene and m-Xylene coclute on 0.66 m 3% SPZlOO. 
dStyrene ard +Xylene coelrrtc on 0.66 m 3% SPZIOO. 

0.66 111 3% SP2100. 

0.66 m 3% SPZlOO. 



CMMRCIALLY AVAIUBLE 
PORTABLE VOC DETECTION INSTRUEHTS 



folCB12 

TABLE B-3 

PORTABLE CAS O(R0HATOCRAPH 
SAHPLIHi DATA SHEET 

0 

- DATE: l#ATIOW: T I E :  

OlROrUTOeFIAPH IC Q)?QI TI Olcs : 

W L M l  1: Q)lu)(N TYPE: 
0 

LO. (la): L f H i l H  (an): R O Y  (Wnin) :  

COCUHM 2: C0lU)IW nPf: 

IW. NO. IMJ. VOL, COtunn No. SrnING LOCATION 

~ 

SITE PLM (Indicate mapling locrtlorrr): 

DATE -- a 



, 
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TABLE 6-4 

SYSTEH PERFORMANCE CRITERIA FOR PORTABLE G C I  

Crl terl a 
Tcs t Acceptable suggested 

canpound Range Cor re ct I ve A c t  ¶on 

P I 0  Response Trlchloroethy1ene 2 lo6 uV-sec/ng h - t u n t  Of replace 
Itlap 

Elution Time Styrene 2.6s + 0.15 nin Inspect for leaks, 
adjust carrler f l o w  

Resol ut l o n b  Bcnztne/lrlchloro- - > 1.4 Rep’lbcc c o l  urn 
ethy lcnc 

,Bas& on a n a l y s i s  of a vapor m i x t u r e  o f  benzene, styrene, and trichloro- 
e thy 1 e ne . 

bDef{nc by: R + 2 d / ( Y ~ + U z ) ;  where d = d l S t b n C t  between the peaks and 
Y prk width a t  bare. 
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TABLE 8-5 

ESTIMATED LIMITS OF DETEfTION (LOO)  FOR SRECTED VXt - 
Compound LOO (ng) LOO (ppb)  

C hl  or  o fo ma 
1 ,l,l-Trichlorocthanca 
C a rbon tc t r ac hl or 1 de a 
Benzene 
1 ,Z-Dlchloroethan 
Trlchlorocthylen 
f t trachl  orocttb.le n& 
1,2-Dlbraoethrnc 
p-xy lencc 
m- xy 1 e neC 

Styrcn 0-xy'c3d 

2 
2 

. 2  
.006 
.os 
.o s 
.os 
002 
.02 
002 
.o 1 
. O l  

450 
450 
450 

2 
14 
14 
14 

2 
4 
4 
3 
3 

aChlorofom, 1 ,1 , l -Trlc~loroethanc,  and Carbon tetrachloride coelute on 

b l  ,Z-DIchiorwthane, frichloraethylrne, and Tetrachl~roethylcnt coelutc on 

Cp-Xylene ard *Xylene coelute on 0.66 m 3% SP2100. 
dStyrew rrd 0-Xylene caelute on 0 .56  m 3% SP2100. 

0.66 m 31 SP2100. 

0.66 m 3% SPZlOO. 
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TO 14- 6 15 

3 

Peak Awlgnments For Standard Mixture 

Peak NO. Compcundis) a 

1 Benzene; C>loroform; 
l11,l-Trlchlorocrha~; 
U h o n  TeiracNorlde.. 

2 1 ~.Dlchlotoethane; 

3 Tetrachbmethylene; 

4 E!hylbenten@ 

6 p. Xylene; Stynnr 

Trlctrlorwthykrrr 

1 f.Dibmmoe!tune 

5 r!IlP.Xybn 

a Toluene (not Ilnd) elulu berwwn 
p a k s  1 m d  2 

FIGURE 8-1. TYPICAL CHROMATOGRAM OF VOCS DETERMINED 
BY A PORTABLE GC 



APPENDIX C 

INSTALLATION AND O P E R A T l O N  PROCEDURES FOR 
U . f  . E NVIRONf€NTAL PROTECTION AGENCY'S 

URBAN A I R  T O X I C  POLLUTANT PROGRAH SAMPLER 

1. Scope 

1.1 The subatuospherlc sampllng system described In t h l t  method has 
k e n  modlfied and redesigned SpeCiflC81ly for  use In USEPA'S Urban 
Air TOXIC P o l l u t a n t  Program (UATP), a j o l n t  project of USEPA'S 
O f f l e e  o f  Air Qua l l t y  Ptannlng and Strndardr, t h e  Environmental 
Nonitoring Systems Laboratory, and the particlpatlng state a l r  
pol lu t ion  control agencies. The purpose of UATP Is t o  provide 

rnalytical support to the states In their assessmnt of potential 
h e a l t h  risks from certaln toxic organlc caapounds t h a t  may be present 
In urban atmspherer. The sampler Is described I n  the paper, *Auto- 
matic Sampler f o r  Col tectlon o f  24-Hour Integrated Ytmle-Air 
Samples for Organic Analysis,' t o  be present& a t  the 1988 Annual 
Meeting o f  APCA, Dallas, Texas, June, 1988 (Paper No. 88-lSC.3). 

1.2 The sampler 1s based on the collection o f  h o l e  air sam?les i n  
6- l i ter ,  S U H W  pastlvated ttalnlcss steel canisters. The sampler 
features electronic t lmr  for ease, accuracy rnd flexibility o f  
sample perlod programing, @n independently retable prerample warn- 
u p  and amient alr purge pcrlod, protectton fran toss  o f  sample 
due t o  power Interruptlons. and a sell-contalntd configuration 
housed i n  an all-metal portable case, as lllurtftattd I n  Figure C-1. 

1.3 The design of the sampler 1s Qumplcss, using an evacuated canls- 
t e r  to drrw the anblent sample a i r  Into Itself a t  a f i xed  f l o w  
rate (3-5 a113/mln) controltcd by an electronic mass f l o w  controller. 
Because of the n l r t i v e l y  low samplt flow rates necessary for  
the lntegratlon parlods, wxlllary flushing of the sample lnlet 
l ine Is provlded by 1 sm811, general-purpose vacuum pump (not I n  
contact wlth  the sample rlr ttrem). Further, axper!ence hrS 
s b w n  t h a t  l n l t t  l l n u  and surfaces sometlart b u i l d  u p  o r  ucumu- 
late substanti a1 concentratfons o f  organlc aaterlalt under Stag-  
nant (zero f low rate) condltlorrs. Therefore such lines and sur- 
f a c e  need t o  be purged and quillbrated t o  the sample a i r  f o r  
some tlnr p t tor  to t h t  k g l n n l n g  of  the actual sample collection 
gcriod. For th ls  reason, the sampler Includes dual timen, one of 
whlch i s  set to s t a r t  the pump severat hours prlor t o  the spcci- 
fled strrf of the sample period t o  purge the Inlet lines rnd 

. 
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surfaces. As I l l u s t r a t d  In Flgure C-1, Smple alr dram Into 
the unlstcr  passes through only four cmponents: t h e  h e a t 4  
inlet line, a 2-mtcron prrt lculrte f l t te r ,  the electron flow 
controller, and the IatchIG soltnotd ralw. 

a 
2, Suamrry of  Method 

2.1 In operation, tlatt 1 I t  set to start the pump about 6 hours 
before the scheduled sample period. The pmp drat6 sample air 

2.2 

2 -3 

i n  through tb sample Inlet  a d  prrtlcutate filter to purge and 
qul l ibr i te  these emponentt, a t  a flow rate limited by the cap- 
lllary t o  rpproximately 100 d / m i n ,  T i r r  1 also eneqltes the 
heated inlet  l ine to allow I t  to cane up to I t s  controlled temper- 
ature o f  65 t o  70 degrees C, and turns on the f l o w  controller t o  
allow i t  to stabillte. The pump draws ddltlonal salrple air 
through the f low controller by way of  t h e  nomr1’ly open port o f  
tk Sway solenoid valve. T h i s  flow purges the flow controller 
and r l lon I t  to achieve I strble controlled flow a t  the speclf?ed 
srwle f l o w  rate p r l o t  to the sample prlod. 
A t  the scheduled s t a r t  of the sample period, tiacr 2 Is set t o  
rctlvate buth solenold vrlves. Y k n  actlvated, the h a y  solenoid 
valve closes I ts  normally open port t o  stop the flow controller 
purge flow and opens I t s  nomalty closed p o n  to start  flow t h r o u g h  
the aldehyde sample urtr ldgrr ,  flaultmeously, the la tch ing  
solenoid valve opens to t ta r f  srcaple flow Into the canister. 
A t  the end of t h e  sample perlod, tlmr 2 closes the la tch ing  
solenoid valve to stop the simple flow and teal the sample i n  
the unls tc r  and also de=encrgltes t h e  pmp, flow controller, 
f r a y  solenoid. rrd heated Inlet  llne. During operation, the 
punq and sunplet are l o u t e d  external ta t he  trarpler. The 2.4 
meter (8 foat )  hertd lnlet l lne  1s lnrtal1ad through  the outside 
wall, u l t h  m o r t  of  l t t  l e n g t h  outtldc rad temlnated externally 
wi th  an lnvertd glass funnel t o  a c l u b  preclpltat~on. The 

Indoor end Is tLm~Inlted In I stalnlcrs steel cross f l t t l n g  t o  
provide connectlorn for the unlster saaple ard the tu0 ogtlonrl 
fomaldthydc u r t t l d m  umplet. 

0 

. 

3. Sampler Instal l r t lon  
3.1 The sampler must  be -rated Indoon. ulth the temperature between 

20132.C (68 to  90’F), The sampler case should be l o u t &  convtntenl y 

I 
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on a table, shelf, or utkr f l a t  surface. Access t0 8 source 
o f  115 vac l i n e  powtr (500 w a t t s  min) I s  also r q u l r e d .  The 

pump I s  r m v t d  frm the sampler case and located remtely 
fran the sampler (connected wlth r 1/4 Inch 0.0. extension 
tublng and a suitable e l e c t r l c r l  u t c m l o n  cord). 

3.2 E l c c t r l c a l  Connectlons (Flgurc C-1) 

3.2.1 The sampler cover 1s r m v e d .  The sampler I s  not plugged 
. I n t o  the 115 vac power urrtil all uther e l e c t r l c r l  connec- 

t ions are canpleted. 
3.2.2 Tht pump I s  p l u g w d  l n t o  i t s  power connector ( I f  not a l -  

ready connecttd) and the battery connectors are mapped 
onto the battery packs on the c w e n  o f  both tInren. 

3.2.3 The sampler powtr plug 3s inserted i n t o  a 115 vo l ts  
ac IIne  grounded receptacle. The sampler must be ground- 
ed for operator safety. The e lec t r i ca l  wires are routed 
ard t l c d  so they remain out o f  the way. 

3.3 Pneumat i c  Connections 

3.3.1 The length o f  1/16 Inch 0.0. st r fn less steel tubing i s  
connected fran port A . o f  the sampler (an the r i g h t  r i de  
o f  the f l o w  cont ro l le r  module) t o  the a i r  In le t  l i n e .  

3-3.2 The pump I s  conncctcd t o  the sampler wi th 1 /4  inch 0.0. 
p l a s t i c  tubing. Thls tubfng Gay be up t3 7 m e t e s  (20 
f e e t )  long. A short  l e q t h  o f  tublftg I s  Ins ta l led  t o  
reduce pump nolse. A l l  tublng i s  conveniently routed 
rrd, I f  necessary, tld i n  place. 

4. Sampler Preparation 

4.1 Crnlster 

4.1.1 The sample canister I s  Installed no more than 2 days before 
t h e  scheduled sampllng dry. 

4.1.2 Y l th  tlmer I1 ON, the f l o w  c o n t r o l b r  1s allowed t o  warn up 
f o r  a t  least 1s minutes, longer I f  possible, 

4.1.3 An evacuated canister 4 s  conncctcd t o  one of the short lengths 
o f  1/8 ln th 0.0. stalnlcss steel tubfng from port 8 (soltnoid 
valve) of  the sampler. The canister valve I s  l e f t  closed. 
The Swagelok f l t t l n g  on the canfstcr must not be cross- 
threaded. Tht connectlon Is t igntcned snugly with a wrench. 
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4.1.4 The end of the other length  of  ttrintess steel t u b i n g  frm 
port  B (solenoid valve) I s  connected d t h  a Swagelok plug.  

4.1.5 If duplicate unl r te r f  are to k sampled, the p l u g  i s  re- 
moved fran the second 1/8 Inch 0.0. strlnless steel t u &  
ing  f r m  porL 8 (solenoid vrlvr) rnd the second unister 
i s  connected, The unts te r  valve I t  l e f t  closed. 

4.1.6 The ON button of timer #2 I s  pressed. The f low through 
the flow controller t b u l d  be stopped by this 8 C t i O n .  

4.1.7 The flow controller stdttdr 1s turned t o  'READ' and the 
zero flow r e d i n g  I s  obtaincd. If this redlng 1s nut  
stable, wait unttl the rerding 1s stabil ized,  

4.1.8 The flow controller switch I s  turned t o  'SET' rrd the 
flow rettlng i s  adjusted t o  the algebrrlc SlJH of the 
aart recent entry on Table C-1 and the zero reading 
obtained In step 4.1.7 ( I f  t h e  rem reading is negative, 
SWlRAU the zero reading fraa the Table C-1 value). 6e 
sure t a  use the correct Tabla C-1 flow value for cne or 
two u n i r t e n ,  1s appropriate. [mote: I f  the rndyticai 
laboratory determines t h a t  the unls ter  sm.p\e pressure I s  
too  low or t o o  h l g h ,  a new flow setting or tcttlnss w i l l  
be lssued for the sampler. ihe  new flow scftlng should  
k recorded I n  Table C-1 a d  used u n t i l  s u p r r e d c d  by 
new t e t t i  ngs.] 

4.1.9 Timer I 2  I t  turncd OFF to rgrln start the flow through the 
flow controller, With the p u p  (tlwr # I )  ON r n d  the 
sampling valve ( t lmr  IZ) OFF, the f l o w  corrtroller 1s turned 
to  'REhD' 8nd the flow Is verified ta be the s8m 8s the 
flow settlng nrde I n  step 4.1.8, I f  not ,  the flow tetttng 
I s  rechecked In s t e p  4.1.8 and the f l o w  setting is rcrdjusted 
I f  naesrrry. 

4.1.10 The OFF button of t i m r  I1 4s pressed t o  stop the p u q .  
4 , l J l  The un i s t e r  vrlve(s) are f u l l y  opened, 

4.2 T I n n  

4.2.1 T i # t  42 1s set to turn OH r t  the rchrduled ON tlnc for the 
sumpla period, rnd OFF a t  t h e  scheduled OfF ti#. (See 

the subseq&nt sect lon on rettlng the timcn.) 
Noma1 ON tlw: 12:OO - An on the scheduled rmpling day. 
Noma1 OFF time: 1 1 5 9  - PM on the scheduled ralapllq day. 

a 
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(The Off t l m  Is  l1:59 PH Ins tead  Of 12:OO PN SO t h a t  the 
dry number for the WF time is the same I S  the day number 
for the ON tlm.) 8e ruie to set the correct day nunber. 

4.2.2 Timet I 1  1s S e t  t o  t u r n  ON SIX (6) hours before the beginning 
of the scheduled sample period and OFF r t  the rchcduled OFF 
t h e  for t h e  smplc perlod (same (KF tlme as fo r  tlnrer 12). 
(See t h e  subsequent SCctfOf!  on setting the timen.) Nom1 ON 
time: 06:OO PH on the day prior t o  the  scheduled samplfng 
day. Normal OFF tlm: 11:59 PI4 on t h e  schduled sampling 
day. 
bc on whenever either t imr Is on. Thus  the pump will 
run if tlmcr #Z I t  ON even if timer t l  1s OFF. ]  

4.2.3 The elapsed the meter Is s e t  b 0. 

- 

[Note: The t h e m  w e  wired SO t h a t  t h e  pump wll1 

4.3 Sampler Check 

6.3.1 The following must be vtrlfiel k f c r e  leaving the 
sampling site: 

(1) Canister(t) 1s (arc) connect& properly and the 
unused connection Is capped I f  only one canister is  
used . . 

(2 )  Canister v a ~ v e ( s )  IS (are) openeci. 
( 3 )  Botn t imers  a r t  programmed correctly far  t 5 e  sche- 

du led  ram?le perlod. 
(4 )  Both then are set to 'AUTO'. 
( 5 )  Both t l m n  are lnlt lally OFF. 
( 6 )  Both  timen are set t o  t h e  correct current time o f  

day and dry nuabtr. 
(7)  Elasped tlme meter I s  set t o  0. 

4.4 Sampler Recovery (Pos t  Sampling) 

4.4.1 f h t  valve on the unls ter  Is closed. 
4.4.2 The canister i t  disconnected from the sampltr, t h e  

sample data thttt I s  C C n p l W d ,  and the canister I t  
prepared f o r  shlpmcnt to  the analytlc81 laboratory. 

4.4.3 If two canlsten were sampled, step 2.4.2 f s  repeated 
fo r  the ather canister. 

5. ffmer Setting 

Slnce the t lmn are 7-day t f a r n ,  the days of the week a r e  nuherd 
from 1 to 7. The .rsslgnmtnt of day numberr  to days of t h e  week i s  
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irdleated on the timer keypad: 1 Sunday, 2 9 Monday, 3 = Twsday, 
4 Wednesday, 5 Thursday, 6 Friday, and 7 Saturday, This pr+ 
graming  I s  q u t t e  simple, but some t t m n  may u l f r n c t l e n  or operate  
e r r a t i c a l l y  I f  not  programmed e x i c t l y  r ight ,  To assure correct 
operat ion,  the t l m n  s b u l d  k reset a d  canpletely r e p r o g r a  
'fraa scratch. for each smple. The correct current tlir of day IS 

reenter& t o  ccprogra l r the  timr. Any p r o g t 8 r i n  the tluer's 
aelrory i s  erased by r e s e t t l n g  t h e  tlmer (pressing t h e  reset button). 

The timr i s  set by the f o l l d n g :  

(1) press lng  t h e  reset but ton ,  
2)  e n t e r i n g  the correct dry nuder  and time of day, I 3) enterlng the ON and OFF times for  the sample perlad, and 

( 4 )  verifying t h a t  the ON and OFF t im setttngs are correct. 

5.1 Timer Reset 

The t imr reset but ton I s  pressed ,  which Is recessed I n  a small 
hole loca ted  just above t h e  LED ( l i g h t  m l t t i n g  d iode)  i nd ica to r  
l i g h t .  A small object t ha t  w l l l  f l t  through the hole, such as a 
penci l ,  match, or pen i s  used t o  press the timer. After reset, 
the t ?mr  d i sp l ay  should show 111 110:001. [Mote: The ti- 
rnry opera te  c t r r t l c a l l y  when the batterles ara discharged, which 
happens when the u r p l r r  Is mplugged or r l t h o u t  power f o r  
severa l  mum. men the sampler i s  agrla powered U P ,  several 
hours  my k rqui  rcb t o  recharge the b a t t e r i e s ,  To avoid dl s- 
charging t h e  batterles, t h e  battery pack should be disconnected 
from the  timer when the umpler i s  unplugged.] 

5.2 Oate and Ti#  Entry 

The s e l e c t o r  n l t c h  I s  turned t o  SET a d  the mdwr button corres- 
pondlng t o  the day number I s  pressed. (For example, I '2' I s  pres- 
sed f o r  hnday.) fhe c u r r e n t  tlrr of dry I s  an te red ,  (For U I l l l p f C .  

i f  t h e  time IS 9:OO AM, 900 It  pressed.) An o r  PU i s  pressed as 
appl lcable .  (Dlsplay should t t m w  121 1'9:OOI for 9:OO An Monday.) 
[Note: ' i n d i c a t e s  AN 8nd 1 n d l c r t e r  PU.]. The CLOCK button I S  

pressed, (Dlsp l ry  should show 1-1 I-:--{) If an error is  =de, 
1E1 IEE:EE( 1 s  shorn on the display. The Q C A R  b u t t o n  Is prtssd 
and the above steps 8re repeated, The s e l e c t o r  suit& i s  t u r n 4  
to  AUTO or  WN to verlfy correct ti=-scttlng, 

I 

a 
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- 
5*3 ON and WF Entry 

The selector swltch 1s turnel  t o  SET. The ON and OFF program i s  
entered In  the f o l l o d n g  ordi r :  dry,  number, tlmc, An or PH, ON 
or OFF, (Example: To turn ON a t  12:OO M on by 5 (fhursday); 
S, 1200, AH, ON IS tnterd) .  (Exampft: TO twn OFF r t  11S9 PR 
on day 5 (Thursday), 5, 11:59, PN, OFF Is enteral,) If the dls- 
play  Ind ica tes  i n  error (IE1 IEE:EEI), t h e  ttmr Is reset. The 
s e l e c t o r  nrltch I s  turned t o  AUTO. 

5.4 ON and OFF Ver l f t ca t lon  

5.4.1 The selector mltch is  turned t o  REYIEY. The mnbcr of 
the scheduled sample day Is pressed. ON I s  pressed. The , 
d l sp lay  should s b w  tk t lm of the kg lnn lng  of the 
sample perlod (for  example, 151 I'12:OOl). [' lndlcrtrs 
AN.3 ON I s  pressed rgaln.  The dlsplay s b u l d  sbu 151 
~--:-- l ,  lnd lcat fng no uther ON tlms a r e  programed. 

5,4,2 OFF Is pressed. The dlsplay should show t h t  tfme of the  end 
of  the sample perfod, ( for  maniple, 151 1 ,  11:591). PH 
Is l n d l c a t e d  by the 0,. nark before t h e  the. WF 1s pres- 
sed agaln. The d f s p l a y  shou ld  thou 151 l--:--i, lndfcitlng 

t o  AUTO. Sf an-ythlng Is Incorrec t ,  the tfmer Is reset and 
rqrogramncd. 

.no other Off tlmer a r e  progr&.cd.  The s e l e c t o r  Is switched 

TABLE C-1 

WET FLOW Oh'lROLLER SETTING 

DATE 1 CANInER 2 CANISTERS - 
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FIGURE GI. U.S. ENVIRONMENTAL PROTECTION AGENCY 
UATP SAMPLER SCHEMATiC OF SAMPLE 
INLET CONNECTlONS 
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PROCEDURES FOR SLUG TESTING 



PROCEDURES FOR SLUG TESTING 

Objective 

The objective of these procedures is to define the requirements for conducting and analyzing slug 

tests. 

Background 

Slug testing is a rapid and easy way to estimate the hydraulic conductivity and transmissivity of 

an aquifer. An advantage of slug testing over pump testing in most remedial investigations is 

that little or no contaminated water requiring containment and disposal is produced. 

Slug testing is accomplished by adding (or removing) a known volume to (or from) the well or 

piezometer to create a rapid rise (or fall) in water level. Water levels are then measured as the 

well returns to the static water level. The most common practice is to use a weighted cylinder 

of known volume or a pneumatic system. A bailer may be used in place of a slug or weight 

under low-recharge aquifer conditions. The rate of water-level recovery is then measured using 

a pressure transducer and data recorder or a water-level meter and stopwatch (the former,me@@b 

is preferable in most environments). Data, as depth-time pairs, are then graphed and used in 

equations to determine hydraulic. conductivity and aquifer transmissivity. 

Procedures for Falling-Head Slug Test 

Before Slug Testing: 
1. Place plastic sheeting around the wellhead. Arrange needed equipment and 

decontamination materials on the sheet. 

Put on personnel proteztive clothing, as specified in the site-specifc health and safety 2. 

Plan. 
Open the locking and vemted caps and inspect the wellhead. Note in particular the 

condition of the surveyed reference mark, if any. 
Measure and record the static water level and the depth to the bottom of the well. 

Record these data in the appropriate logbook. 

3. 

4. 



During Slug Testing: 

5.  If a transducer and analog or digital recorder are to be used to measure water-level 

changes, and, if necessary, calibrate the transducer at two different depths in the well. 

Calibration depths should be widely separated. Leave the transducer at the lower 

calibration point. 

Switch on the data recorder, or set the water level meter probe near the level at which 

water is expected to rise. 

Rapidly lower the float or slug into the water. 

Record fall in water level versus time. If a transducer and recording device are used, 

record depth at predetermined intervals for the first 2 minutes or longer, based on aquifer 

conditions. If using a water-level indicator and chronometer, record depth-time data at 

the fastest rate possible for the first 5 minutes of well recovery. Subsequent recording 

intends may be adjusted to suit the rate of well recovery. 

Continue recording depth-time data until the well has recovered to nearly the static water 

level. When using data recorders, it is advisable to check and record the reading every 

few minutes to ensure that data are being properly recorded. 

6.  

7. 

8. 

9. 

d $  . 
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After Slug Testing: 

10. Record the time of test completion in the logbook. If a data recorder with random access 

memory (RAM) or erasable programmable read only memory (EPROM) was used, 

record the file name used. 

Decontaminate all equipment according to Appendix 0. Clean up the site, and close and 

lock the well before leaving. Take contaminated plastic sheeting and disposable 

proteztive clothing to a designated disposal container. 

1 1. 

NOTE: Both rising- and falling-head slug tests may be carried out in the same operation by fvst 

measuring the rate of water-level fall immediately after slug insertion, then measuring the rate 
of water-level rise after slug withdrawal. Be sure that the well has recovered to the static water 
level before conducting the rising-head test. 



Procedures for Rising-Head Slug Test 

Before Slug Testing: 
1. Lower a clean float or solid slug of known volume into the well until it is floating or 

fully>submerged. Allow the well to re-equilibrate to static water level. 

Turn on the data recorder, if used, or verify that static water level has been re- 

established with a water-level meter. 
2. 

During Slug Testing: 

3. Withdraw the float or slug quickly, but avoid surging. Record the time of withdrawal 

to the second. Start the stop watch, ifused, at the instant the slug is withdrawn. 

Record the rise in water level versus time. If a transducer and recording device are 
used, record depth at predetermined intervals for the fmt 2 minutes or longer, based on 

aquifer conditions. If using a water-level indicator and chronometer, record depth-time 

data at the fastest rate possible for the first 5 minutes of well recovery. Subsequent 

recording intervals may be adjusted to suit the rate of well recovery. 

Continue recording depth-time data until the well has recovered to nearly the static water 

level. When using data recorders, it is advisable to check and mord readings eve$' few 

minutes to ensure that data are being properly recorded. 

Record the time of .test completion in the field logbook. If a data recorder with RAM 
or EPROM memory was used, record the file name used. 

4. 

5.  

6. 

After Slug Testing: 

7. Decontaminate all equipment. Clean up the site, and close and lock the well before 
leaving. Take contaminated plastic sheeting and disposable protective clothing should 

be taken to a designated disposal container. Dispose of water removed from the well in 

accordance with the site work plan. 

RestrictiodLimitations 

In wells in which the static water level and water levels induced during testing are above the top 

of the screened or open hole interval. Both rising-head and falling-head tests should be 

0 conducted to provide a check of results. 



Quality Control Requirements for Slug Tests 
e A pressure transducer and data logger, or strip chart recorder, must be used to perform 

these tests. 

Slug tests shall be performed after groundwater sampling to minimize contamination. 

All equipment must be decontaminated before each test. 

If possible, both falling and rising head tests shall be performed. 

In monitoring wells where the static water level is below the top of the screened or open 
interval, falling-head tests shall not be performed. In these instances, rising-head tests 

shall be performed by the sudden removal of water. 

e 

0 

0 

1 
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GENERAL DECONTAMINATION PROCWURES 

Nonsampling Equipment (e.g., drill rigs) 
e 

e 

Decontaminate with high pressure steam 

If necessary, scrub with a laboratory-grade detergent and clean water wash solution. 

Rinse with clean water as necessary. 

Sampling Equipment (e.g., augers, drill pipe, split barrel samplers, sampling utensils, 

Teflon-coated stainless steel leaders, bailers, etc.) 

e 

e 

Prior to decontaminating the equipment, replace protective gloves. 
Wash and scrub with a laboratory-grade detergent and clean water wash solution 

or decontaminate with high pressure steam. 

e Rinse with clean water. 
e 

e 

e 

Rinse with ASTM Type III water. 

Rinse twice with isopropyl alcohol. 

Rinse with ASTM Type III water. 

Wrap in aluminum foil for storage if the sampling equipment is not used immedkkly . 
Augers and drill rods will be wrapped in plastic after decontamination, if possible. 

e Air dry. c. I 

e 

a 

Personal Decontamination 
e Personal decontamination procedures are outlined in the site-specifrc Health & Safety 

plan. 

Demntamination Waste Disposal 
0 All wastes generated during decontamination shall be placed in 55-gallon drums. The 

drums will be labeled and stored in a designated area for future disposal. 



APPENDIX P 

CALIBUTION/STANDARDIZATION PROCEDURES 



CALIBRATION/STANDARDIZATION PROCEDURES 

Temperature Probe 

All thermometers will be initially calibrated against an NIST certified thermometer or one 

traceable to NBS certification. Each glass mercury filled thermometer will be inspected before 

each field t i p  to ensure integrity. Temperature probes will be tested for calibration quarterly 

according to manufacturer’s instructions. Thermometer calibration entails checking the unit 
versus an NIST certified thermometer. If the values obtained during this procedure do not fall 

within the specified ranges, the probe will be shipped back to the manufacturer for servicing. 

Field temperature meters are checked daily/before use with field grade thermometers. 

Specific Conductivity 

The designed cell constant of the conductivity cell is given in the manufacturer’s instruction 

book. The actual cell constant will be determined each day before use of the cell. Conductivity 

calibrator solutions are used to check the cell constant according to the procedure out@& in the 

instruction book. If the values obtained during the check are within specifcation, the m e a s u s  
error will be used to improve the accuracy of sample readings using the equation in the 

instructions. If accuracy is out of specification, the cell must be repaired by the manufacturer 

or replaced. 

\r . I  I 

Each meter will be checked before each field trip to ensure that the probe is intact, batteries are 

sufficiently charged, and that the cell is clean. Calibration procedures entail checking the 

conductivity cell with one potassium chloride standard in the expected range of the sample(s) to 

be collected during the sampling day. If a conductivity meter which does not automatically 

compensate for temperature is used, the meter readings wiu be manually recalculated to account 

for temperature. All calibration procedures and calculations will be entered in the site log and 

on other Dertinent field records. 



pH Meter 
The pH meter shall be checked before each field trip for any mechanical or electrical failures, 

weak batteries, and cracked or fouled electrodes. The pH electrode will be tested for noise and 
0 

offset and a 2-point calibration performed each day in the field before use and quarterly in-house 

according to the method in the manufacturer’s instruction book. The slope of the meter shall 
be checked initially using pH 4’7, and 10 buffer solutions. Once it has been confimed that the 

electrode offset is functioning within specification, the calibration will be performed. Buffer 

solutions at pH 7.00 and 4.00 or 7.00 and 10.00 will be used, depending on the expected pH 

value of the samples to be analyzed. The calibration check process should be repeated between 

sampling locations using at least two buffer solutions. AU calibration procedures and 

calculations will be entered in the Site Log and on other pertinent field records. 

Photoionization Detector 

The photoionization detector (PID) or equivalent instrument will be calibrated in-house quarterly 

using the calibration kit provided by the manufacturer and following the instructions in the user’s 

manual. In addition, each PID/OVA used in the field will be checked daily/before use with the 

manufacturer supplied calibration span gas. The meter will be zeroed prior to transport to the . 

area of concern in order to avoid bias due to ambient site conditions. To ensure peak 
performance of the instrument, routine maintenance consisting of cleaning the ultraviolet lamp 

window, replacing the dust fdter and cleaning the exterior of the instrument is necessary. The 

lamp window is cleaned by disassembling the detector cell and lamp and wiping the window with 

a methanol-moistened tissue. This procedure should only be performed when a high span setting 

is insufficient to give an adequate readout. The dust filter of the instrument should be replaced 

when the sensitivity of the instrument increases by more than 10 percent when the filter is 
moved. The instrument should not be run for more than one minute without the filter in 

position. The exterior of the instrument will be cleaned quarterly by wiping with a damp cloth, 

using a mild detergent when necessary. 

‘ r .  I 

All field readings taken in ambient air will be corrected for ambient background. This 
correction is accomplished by manually subtracting the measured ambient PID reading from the 

metered response for an individual sample (i.e. boring headspace, split spoon sample). Under 

no circumstances will the meter be zeroed based on ambient conditions in the area of concern. 



Background correction is not necessary for readings taken in closed vessels (Le. glass jar soil 
headspace readings when using an aluminum foil lid seal). 0 
The battexy of the instrument will be recharged when the low battery indicator appear. The 

instrument should be allowed to discharge until the indicator appears and then it should be fully 
recharged. This will maximize the operating time of the instrument. Consistent charging before 

full discharge will diminish the operating time of the instrument. Charging instructions in the 

user’s manual should be followed for the appropriate charger. 
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SCOTT RYAN 
GEOLOGIST 

EDUCATION M.S., Geology, 1986 

B.S., Geology, 1982 

RELEVANT EXPERIENCE: 

ProjectGeologist 

. Responsible for the planning and field implementation of RFI and UST 
studies at Naval facilities. Responsibilities include drilling supervision, 

soil sampling and geological characterization, monitoring well 

installation and groundwater sampling. 

Project consultant for a field investigation for groundwater exploration 

in the Kalahari Desert, Gaborone, Botswana, Africa. His , .. 

responsibilities included surveying, drilling supervision, and 
I .  

coordination with Bostwanan authorities. 

Groundwater protection regulatory analysis with the Connecticut 

Department of Environmental Pmtection. Responsibilities 

included technical review and enforcement at hazardous waste 
sites and sanitary landfills. 

Experience in RCRA groundwater protection standards and 

implementation of those standards in an industrial context. 



ALLISON LEIGH DENNEN 

GEOLOGIST 

EDUCATION: M.S., Geology, Memphis State University/l990 

B.S., Geology, Memphis State University/l986 

CERTIFICATIONS: Registered Geologist TN0788 

RELEVANT EXPERIENCE: 

0 

0 

0 

0 

Project Geologist 

Authored a Sampling and Analysis Plan for a Remedial 

Investigation at an industrial Wastewater Treatment facility for 

the U.S. Navy. 
i d  " I - ( i  
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Project Geologist 

Performed contaminated assessment for leaking UST site in 

Kingsville, Texas. 

Assistant Project Manager for tank closures, site investigations, 

and remedial activities for 16 underground storage tank sites. 

Coordinated two field geologists, drill crews, and sampling 

technicians. Assimilated raw field data and analytical data into 

final technical reports. 

Project Coordinator and Hydrogeologist for the Tellijohn 

Sanitary Landfill, LeSueur, Minnesota. Authored a work plan, 



performed hydrogeologic investigation, authored a technical 

report with groundwater monitoring protocol and coordinated 

quarterly sampling at the landfill in accordance with Minnesota 

Solid Waste Rules. 

0 Hydrogeologist for the Northeast Otter Tail Sanitary Landfill, 

New York Mills, Minnesota. Authored a Groundwater 

Monitoring System Work Plan in accordance with Minnesota 

Solid Waste Rules. 

Project Geologist for monitoring well installations and soil boring 

investigation, Laidlaw Sanitary Landfill, Terre Haute, Indiana. 

Project Geologist for geophysical and subsurface investigation 

at an archaeological site in Keokuk, Iowa. 

a Project Geologist 

Designed a corrective action plan for an underground storage 

tank site, Bingham Lake, Minnesota. 

Project Geologist for the Motley By-Pass Superfund Site, 

Minneapolis, Minnesota. Performed hydrogeologic investigation 

to delineate the extent of contamination. 

0 Performed numerous Phase 1 site assessments for real estate 

transactions. 
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Dennen, A. L., et a/., 1991, An Investigation of Loess Craters on the 

Bluffs of the Mississippi River, Northwestern Tennessee: Geological 

Society of America Abstracts with Programs, vol. 3, no. 4. 

Doran, F. J., Dennen, A. L., et a/., 1992, Investigation and 

Remediation of a Superfund Site in Minneapolis, Minnesota: 

Geological Society of America Abstracts with Programs, vol. 24, 

no. 3. 
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DOUGLAS C. PElTY 

EDUCATION: 

B.S., Industrial Hygiene, University of North Alabama, 1991 

RELEVANT EXPERIENCE: 

0 

0 

0 

0 

0 

0 

0 

Conducted industrial hygiene surveys for various industrial 
facilities. 

Knowledge of DOT and UN rules and regulations regarding the 
containerization and international shipping of hazardous and 
special materials. 

Performed hazardous waste determinations for materials stored 
and shipped from Naval Station Roosevelt Roads, Puerto Rido. . . * .  '. 1 , 

Utilized NFPA and HMlS criteria for classification of commonly 
used chemical substances. 

Developed a new Material Safety Data Sheet (MSDS) program 
for a major chemical formula blender and packager. 

Developed health and safety plans for Naval Air Station (NASI 
Memphis, NAS Kingsville, NAS Corpus Christi, and NAS 
Pensacola. 

Knowledge of USEPA Hazard Ranking System for NPL 
determination at various military installations. 



HENRY H. BEIRO, SENIOR GEOLOGIST 

EDUCATION: B.S., Geology, 1981 
B.S., Biology, 1980 

CERTIFICATION: 1 989, Professional Geologist TN0990 

EXPERIENCE: 

0 

0 

0 

0 

0 

Completed a $1.5 million project at the Y-12 weapons plant in 
Oak Ridge, TN involving soil borings, groundwater well 
installation, and sampling. 

Reviewed and wrote Quality Assurance/Quality Control 
documents, work plans and field sampling plans for military 
installations in the U.S. with Martin Marietta Energy System’s 
Hazardous Waste Remedial Action Program (HAZWRAP) . 
Designed the Tuskegee, AL Landfill, installed monitoring wells 
and trained operators. 

? +  .. ,.- i- :. 

Conducted and managed field gas chromatography for soil gas 
investigations. The most recent was Phelps Collins ANG, 
Alpena, MI, in October 1991. 

Managed and supervised core drilling, rotary drilling, auger 
drilling and churn drilling operations at various sites throughout 
southeast. 



JAMES N. SPEAKMAN, Ph.D., P.E. 
VICE PRESIDENT; ENGINEERING 

EDUCATION: Ph.D., Environmental and Water Resources 
Engineering, Vanderbilt University/l971 
M.S., Sanitary Engineering, Vanderbilt 
University/l968 
B.S., Civil Engineering, Tennessee Technological 
University/l966 

EXPERl ENCE: 

0 Program Manager for Southern Division Naval Facilities 
Engineering Command Comprehensive Long-term Environmental 
Action, Navy (CLEAN) District I1 environmental services 
contract. The CLEAN District I1 contract encompasses DOD 
implementation of CERCLA; compliance with RCRA; 
underground storage tank program implementation; asbestos 
abatement; oil and hazardous substance spill contingency 
planning; and spill response management. The program has a 
10-year duration and a $100 million maximum budget. 6 ,: ,' , 

Manager of Remedial Investigation/Feasibility Study (RI/FS) 
projects at National Priorities List (NPL) sites in Olaton and 
Island, KY. Each site is being investigated for potential air, 
surface water, soil and groundwater releases of ammonia, 
metals, sulfides, ammonia and chlorides. 

Directed numerous environmental compliance projects involving 
multi-disciplinary teams. He has managed six open-end 
hazardous waste compliance contracts for the U.S. Navy, 
involving more than 40 installations in eight states, Puerto Rico, 
Bermuda and Iceland. Those contracts included preparation of 
facility closure plans; sampling, analysis and data interpretation; 
negotiating "how clean is clean" with regulatory officials; 
closure plans and specifications and closure certifications. 

Performed audits of air emissions, industrial discharges, 
hazardous wastes, underground storage tanks and hazard 
communication programs for steel mills, aluminum mills and 
recycling plants, auto parts fabricators, concrete plants, 



0 

0 

0 

0 

aggregate mines, plastic formulation plants, forges and wood 
milling plants. 

Directed underground tank assessment/closure/ 
removalhmediation projects involving benzene, acetone, 
toluene, naphtha, and petroleum fuels at Santa Ana, CA; 
Charleston, SC; Lawrenceburg and Memphis, TN; Dallas, TX, 
and Yorktown, VA. Projects involved removal of as many as 
six tanks concurrently. 

Author and certifying engineer for numerous oil spill prevention, 
control and countermeasures plans, including US Navy 
installations in KY, OH, MS, TN, VA, Bermuda, Iceland and 
Puerto Rico. 

Certifying engineer of record for closure of hazardous waste 
facilities, including container storage, treatment and storage 
tanks and surface impoundments in FL, GA, SC and TN. 
Prepared RCRA closure plans for additional facility types, 
including landfills, land treatment units and "miscellaneous 
units" (specifically military ordnance open burning/open 
detonation units). 

' . -  - 
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Manager of PCB spill investigation, Work/Sampling/Health and 
Safety Plan preparation, negotiations with TN Department of 
Health and -Environment, and supervision of remediation. 

Site manager, field investigation, immediate removal, 
groundwater monitoring at inactive HW Lagoon, Western MI. 

Author of Feasibility Study Work Plan for American Creosote 
Works NPL site in Jackson, TN. 

Supervised preparation of engineering plans and specifications 
for closure of hazardous waste surface impoundments a t  NAS 
Jacksonville (2 units), and NAS Pensacola (3 units) and MCLB 
Albany, GA. Closure-in-place designs included various cap 
configurations, meeting or exceeding USEPA impermeability 
requirements, while providing for subsequent beneficial use of 
the surfaces. 



Directed RCRA permanent status permit applications for the 
Lake City (Independence, MO), Holston (Kingsport, TN) and 
Milan, TN Army Ammunition Plants. Those facilities operate 
multiple hazardous waste storage and treatment facilities, i.e. 
container storage buildings, surface impoundments, waste piles, 
incinerators, and treatment units; handling corrosive, reactive 
(including explosive), ignitable and toxic hazardous wastes. 
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PAUL V. STODDARD, P.G., VICE PRESIDENT, 
GEOLOGICAL SERVICES 

EDUCATION : M.S., Geology, Memphis State University/l983 
B.S., Geology, Memphis State University/l982 
B.S., Biology, Memphis State University/l980 

CERTIFICATION: Professional Geologist, TN, AR 
- Pending Certification, IN 

EXPERIENCE: 

0 

e 

0 

0 

Generated stratigraphic correlations of upper Cretaceous and 
Tertiary trends of South Texas with concentration in the Wilcox 
and Frio formations. Responsible for regional correlations of 
E-logs, preparation of stratigraphic cross sections, development 
and updating of structure maps, and well spotting and 
digitizing. 

Conducted remedial site investigations at facilities for sites with% 
potential soil and/or groundwater contamination involving 
chlorinated hydrocarbons and petroleum products. Field 
assessments included in-situ monitoring of organic vapors 
utilizing an organic vapor detector and/or a scanning infrared 
spectrophotometer. 

i ) . :  \ ,  I 

Responsible for the design and implementation of 
npreconveyancen investigations to determine potential soil 
contamination at various sites being considered for commercial 
development. 

Field supervision and implementation of closure plans for 
hazardous waste facilities at Charleston, SC Naval Shipyard. 
Tasks included removal of hazardous waste inventories, 
decontamination of tanks, confirmation sampling of 
decontamination solutions and soil sampling at container 
storage compounds operated by the Shipyard and Defense 
Reutilization and Marketing Office. 



0 

0 

0 

0 

0 

0 

Sampled groundwater monitoring wells for hazardous substance 
contamination and supervised well drillers at Shelby County, TN 
state Superfund site. 

Conducted a study of pesticide contamination in groundwater 
at an industrial faciliw in Missouri. Field Investigation included 
soil boring, monitoring well installation, determination of 
hydraulic gradients, data reduction and analyses, and report 
generation. 

Implemented groundwater investigation for photosensitive 
hazardous substance contamination at NPL site. 

Field supervision and implementation of closure plans for 
removal of underground waste oil storage tanks and 
investigation of potential contamination in soils and 
groundwater from tank releases. 

Field supervision and implementation of sampling plan for 
hazardous waste facilities at NAS Memphis. The task included 
Level B inspection of former waste plating treatment storm 
sewer, and the sampling of soils associated with defective 
joints. The task also included the sampling of a former salvage 
yard for petroleum hydrocarbons and lead. 

. I .I . _ I  

Field supervision and implementation of underground storage 
tank removal investigations. Field assessments include soil 
sampling and/or monitoring well installation with groundwater 
sampling and assessment of hydrogeologic conditions. 

Project geologist for interior survey of 1 20-acre underground 
room and pillar mine. Additional tasks included surface 
investigation of karst features, monitoring well installation, 
interpretation of borehole geophysics, and subsequent 
groundwater sampling and data reduction. 

Project geologist for hydrogeologic assessment of RCRA 
facilities. Tasks include site selection and installation of 
groundwater monitoring networks, slug tests, and subsequent 
data evaluation. 
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Project geologist for MCAS Cherry Point, RFI. Tasks included 
design and implementation of Field Sampling Plan, including soil 
borings, monitoring well installation, groundwater sampling, 
slug tests, hydrogeologic characterization - including diurnal 
and tidal influences on the shallow aquifer and subsequent data 
reduction and report generation. 

Project geologist for hydrogeologic assessment of a proposed 
Tennessee state Superfund site. Investigation included step 
drawdown and constant rate aquifer pump test for design and 
installation of a groundwater treatment system. 

Project manager for CERCLA Remedial Investigation/Feasibility 
Study for a former pesticide manufacturing facility. Tasks 
included the design and implementation of 
geologic/hydrogeologic assessment for volatile organic and 
pesticide contamination, subsequent data reduction, and report 
generation. Project management included cost tracking, 
scheduling, and continued regulatory compliance (Le. 
Administrative Order). 

Project manager for CERCLA RVFS for an industrial 
manufacturing facility. Related tasks included the design and 
implementation of geologic/hydrogeologic assessments for 
chlorinated solvent contamination in soils and ground water. 
Investigation included monitoring well installations, soil vapor 
extraction, borehole and surface geophysics, and a constant 
rate aquifer pump test, with subsequent data reduction and 
interpretation and RI report generation. Project management 
duties included community relations, maintaining data quality 
objectives, scheduling, waste disposal, and meeting 
Administrative Order Requirements. 

Supervised and directed remedial investigations (RI) per 
CERCLA requirements at  multiple NPL sites, Region 111, Region 
IV, Region V and Region VI. Investigations included, but were 
not limited to, soil analyses, monitor and recovery well 
installation, sampling and analyses of groundwater, aquifer 
tests, borehole geophysics, surface geophysics and data 
interpretation, including preparation and presentation of 
assessment reports. 



BRIAN E. CALDWELL, SENIOR HYDROGEOLOGIST 

EDUCATION: M. S. Geology, Florida State University, 
1992 
B. S. Geology, Florida State University, 

B. A. Psychology, Mars Hill College, 1978 
1984 

CERTIFICATIONS: Professional Geologist, State of Florida, License 
No. 1330 

Professional Geologist, State of Tennessee, 
Reg. No. TN1937 
Professional Geologist, State of Wyoming, 
(Pending Bd. Approval) 

RELEVANT EXPERIENCE: 

Project Management: 
0 Project manager for transition of NAS Pensacola Superfund 

project from previous consultants to E/A&H. 

0 Project Field Manager for characterization of 37 hazardous 
waste sites at NAS Pensacola, under the Navy's Installation 
Restoration Program. 

- 1  ... ' . ,  '2 

0 Managed installation and quarterly sampling of monitoring well 
network at a United States Naval industrial waste treatment 
facility in Pensacola, Florida, to ensure compliance with RCRA. 

0 Project Manager for three investigation/remediation 
environmental sites at Fort McClellan, Alabama, and 10 
environmental sites at Tyndall Air Force Base, Florida. 

0 Managed design, installation, and sampling of a complex 
multiaquifer groundwater monitoring network and site 
assessment of a chlorinated semivolatile hazardous waste site 
in Warrington, Florida. 

0 Contributing author on RI/FS work plans for all hazardous waste 
sites at NAS Pensacola; principal author for RVFS work plan for 
Operable Unit 10. 

H ydrogeolog y : 
0 Geochemical and statistical analysis of water-quality data 

collected for statewide Ambient Groundwater Monitoring 
Program. 



a Statistical and mathematical analysis of hydrogeologic and 
geological data with computer simulations of single and 
multiaquifer groundwater systems. 

a Supervised design, installation, and sampling of monitoring well 
networks and conducted single and multi-well aquifer tests. 

a Geophysical surveys using magnetometer, ground-penetrating 
radar, electromagnetic conductivity, and seismic refraction 
methods. 

a Incorporated hydrogeological field and analytical results to site 
characterizations. 
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