
f-fn\'ironmental EnJ;ineers and Scientists 

1608 13th Avenue South, Suite 300 
Birmingham •Alabama • 35205 
(205) 918-4000 
(205) 918-4050 (FAX) 

February 5, 2004 

Ms. Sandra Martin 
NMED/Hazardous Waste Bureau 
2905 Rodeo Park Drive East 
Santa Fe, New Mexico 87505-6303 

Subject: Data Acquisition Plan for Risk Assessment Plan, Officer's Club SS-57 
Holloman AFB, New Mexico 
USACE - Omaha District 
Contract No. DACA45-03-D-0012, DO No. 5 
Bhate Project No. 9030024.01 

Dear Ms. Martin, 

Please find enclosed four copies of the final Data Acquisition Plan for Risk Assessment Plan, 
Officer's Club SS-57 - Holloman AFB, New Mexico for your review. 

Bhate Environmental Associates, Inc., appreciates the opportunity to provide services to the U.S. 
Army Corps of Engineers, Holloman Air Force Base and the State of New Mexico. If you have 
any questions or need additional assistance, please feel free to contact us at (205) 918-4000. 

Cordially, 
BHATE ENVIRONMENTAL ASSOCIATES, Inc. 

~~ J~~:~ Manager 

cc w/ enclosures: Cornelius Amindyas (NMED/HWB) 
Steve Jetter (NMED/HWB) 
James Harris (USEPA/Region 6) 
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3.2.2 Step-by-Step Procedures for Tedlar Bag Sampling (Pump) 
Note: These procedures are for a typical stationary source (e.g., SVE system) sampling application; 
actual field conditions and procedures may vary. See additional sampling considerations in Section 4.3 
for sampling soil gas or landfill gas. 

Before you get to the field: 
1. .·Verify contents of the shipped package (e.g., chain-of-custody, Tedlar bag, and tubing/fittings - if 

requested) 

2. Verify pump cleanliness and operation (Air Toxics Ltd. does not provide pumps) 

When ready to sample: 
3. Purge sample port 

4. Attach new Teflon tubing from sample port or probe to low flow rate pump 

5. Purge tubing 

6. . Fill out Tedlar bag sample tag 

7. Attach additional new Teflon tubing from the pwnp outlet to the Tedlar bag valve 

8. Open Tedlar bag valve 

9. Collect sample (FILL NO MORE THAN 2/3 FULL) 

10. Close Tedlar bag valve by hand tightening valve clockwise 

11. .Return Tedlar bag in boxes provided (DO NOT CHILL) 

12. Fill out chain-of-custody and relinquish samples properly 

13. Place chain-of-custody in box and retain pink copy 

14 .. Tape box shut and affix custody seal (if applicable) across flap 

15: Ship priority overnight to meet method holding times. 3 DAY HOLD TIME TO AKALYSIS 
(most analyses) 

@ AtR TOXICS LTD. 
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Section 4. Special Sampling Considerations 

This section provides considerations for special sampling configurations that a sampler may collect in 
the field such as a field duplicates or an ambient blank. This section also provides considerations for 
sampling at altitude, soil/landfill gas sampling, and sample cylinder sampling. 

4.1 Special Sampling Configurations 
Special sampling configurations include a field duplicate, field split, field blank, ambient blank, trip 
blank, and an equipment rinse. Call Client Services at 800-985-5955 if your project involves any of 
these special sampling configurations. 

4.1.1 Field Duplicate 
A field duplicate is a second sample collected in the field simultaneously with the primary sample at 
one sampling location. The results of the duplicate sample can be compared (e.g., calculate relative 
percent difference) with the primary sample to provide information on consistency and reproducibili'ty 
of field sampling procedures. Due to the nature of the gas phase, duplicate samples should be collected 
from a common inlet. The configuration for collecting a field duplicate includes stainless steel or 
Teflon tubing connected to a Swagelock "tee". It is imperative that individually certified (i.e., 100'% 
certification process) canisters be used to collect a field duplicate. 

@ _: LTD. 
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4. 1.2 Field Split 
A field split is similar to a field duplicate in that two samples are collected in the field simultaneously 
at one sampling location. The main difference is that the samples are sent to separate analytical 
laboratories. The results of the split samples can be compared (e.g., calculate relative percent differ­
ence) to provide infom1ation on consistency and reproducibility of analytical procedures between the 
laboratories. However, due to the nature of air sampling canisters (different surface conditions, 
cleaning/certification procedures) and differences in analytical laboratory procedures (common in air 
analysis) the results are almost always meaningless. Please note that Air Toxics Ltd. does not recom­
mend field splits and does not allow Air Toxics Ltd. canisters or other media to be sent to 3"' parties 
without obtaining prior written consent of Air Toxics Ltd. 

4.1.3 Field Blank 
A field blank is a sample collected in the field from a certified air source. Analysis of the field blank 
can provide information on the decontamination procedures used in the field. Clean stainless steel or 
Teflon tubing and a certified regulator should be used. It is imperative that individually certified 
canisters (the sample canister and the source canister/cylinder, if applicable) be used to collect a field 
blank. 

4. 1.4 Ambient Blank 
An ambient blank is an ambient air grab sample collected in the field nonnally used in conjunction 
with soil gas or stationary source (e.g., SVE system) sampling. Analysis of the ambient blank can 
provide information on the ambient levels of site contaminants. It is imperative that an individually 
certified canister be used to collect an ambient blank. 

4.1.5 Trip Blank 
When san1pling for contaminants in water, the laboratory prepares a trip blank by filling a VOA vial 
with clean, de-ionized water. The trip blank is sent to the field in a cooler with new sample vials. After 
sampling, the filled sample vials are placed back in the cooler next to the trip blank and returned to the 
laboratory. Analysis of the trip blank provides information on decontamination and sample handling 
pr()Cedures in the field as well as the cleanliness of the cooler and packaging. 

When sampling for compounds in air, a trip blank provides little, if any, of the information above. A 
trip blank canister can be individually certified, evacuated, and sent to the field in a box with the 
sample canisters. Since the valve is closed and the brass cap tightened, it is questionable if the trip 
blank canister contents are ever "exposed" to sampling conditions. At the laboratory, the trip blank 
canister will be pressurized prior to analysis with dry, zero air- a matrix that may be entirely different 
than the sampled air. The recovery of target compounds can vary by matrix (e.g., moisture, carbon 
dioxide) rendering the trip blank results meaningless. Air Toxics Ltd. does not recommend analyzing a 
trip blank for air sampling. 

4.1.6 Equipment Rinse 
When sampling for contaminants in water, an equipment rinse is accomplished in the field by rinsing 
the. decontaminated sampling equipment (e.g., bailer, submersible pump, tubing) with clean, de-ionized 

@Am Toxrcs LTD. 
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water. A portion of the rinse water is collected in a VOA vial for analysis. The equipment rinse is 
similar to a field blank in that it provides information on decontamination procedures of sampling· 
equipment. 

When sampling for compounds in air, an equipment rinse can be used to determine if a sampling train 
has been properly decontaminated. Certified air is connected to the sampling train and fills an individu­
ally certified canister. 

4.2 Considerations for Sampling at Altitude 
Sampling at altitudes significantly above sea level is similar to sampling a stationary source under 
vacuum (see Section 4.3) in that target fill volumes may be difficult to achieve. The figure beiow 
illustrates the relationship between increasing altitude and decreasing atmospheric pressure. Ambient 

Altitude I Standard 
Atmospheric 
Pressure 

10,000ft/ 10.1 psi --1 

5,000 ft/ 12.2 psi --

4,000 ft I 12.7 psi ·-

3,000ft/ 13.2psi --

2,000ft/ 13.7 psi -

1,000ft/14.2psi --

Oft/14.7psi -

~
Vacuum gauge reading 

25 in. Hg (calibrated at sea level) 
of evacuated canister 

-1 
Maximum fill volume of 

5L max fill ~tandard air assuming canister 
(5 ooo ft) 1s allowed t'? reach ambient 

' cond1t1ons (1.e .. final gauge 1 reading of O in. Hg) 

Altitude above mean 
sea level of sample 
collection 

20.6 in. Hg 

e 
4.1Lmaxfill 
(10,000ft). 

Rule of Thumb: Initial vacuum 
gauge reading is off by 1 in. Hg 
and max fill volume is reduced 
by 1/5 L per 1,000 ft of ~levation. 
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conditions in Denver at 5,000 ft altitude are quite different than ambient conditions at sea level. 
Canister sampling is driven by the differential pressure between ambient conditions and the vacuum in 
the canister. There is less atmospheric pressure in Denver and 5 L is the maximum fill volume of 
standard air assuming the canister is allowed to reach ambient conditions (i.e., final gauge reading of 0 
in. Hg). Theoretically, if you sample high enough (e.g., in space), no sample would enter the canister 
because there is no pressure difference between the evacuated canister and ambient conditions. To fill 
a canister to 6 Lin Denver, you would need to use an air pump. 

Sampling at altitude also affects gauge readings. The gauges supplied by Air Toxics Ltd. (see Section 
2.2.4) measure canister vacuum relative to atmospheric pressure and are calibrated at approximately 
sea level. Before sampling at altitude, the gauges should be equilibrated (see Section 2.3.1). But even 
after equilibrating the gauge, verifying the initial vacuum of a canister at altitude is misleading. In 
Denver at 5,000 ft, expect the gauge to read 25, not 29.9 in. Hg. You do not have a bad canister (i.e., 
leaking or not evacuated properly). The canister is ready for sampling and the gauge is working 
properly. 

ll@" Rule of Thumb: For every 1,000 ft of elevation, the gauge will be 
off by 1 in. Hg and the fill volume will be reduced by 115 L 

lfyou have questions about sampling at altitude, please call Client Services at 800-985-5955. 

4.3 Considerations for Soil/Landfill Gas Sampling 
There are some additional sampling considerations for collecting grab samples (canister or Tedlar bag) 
from a soil boring, landfill boring, SVE system, or landfill gas (LFG) collection system. The general 
challenge with these samples arises from the need to employ long lengths of tubing to direct the soil 
gas, landfill gas, or process air to the canister or Tedlar bag. Tubing introduces the potential for 
contamination and diluting the sample. A good source of detailed information on soil gas sampling is 
contained in the ASTM D 5314 Standard Guide for Soil Gas Monitoring in the Vadose Zone. 

• Use Inert tubing. Teflon tubing is recommended. Tubing with an outer diameter of 1/4 in. works 
. best with the fittings on the particulate filter. 

: Do not reuse tubing. $2 per foot for new tubing is a small price to pay for peace of mind. 

Purge tubing adequately. A Jong length of tubing has significant volwne of"dead air" inside. 
··Without.purging, this air will enter the canister and dilute the sample. Consider using a hand-held 
PID/FID to confirm that you have purged the tubing and are drawing sample air through the 
tubing. 

A void leaks In the sampling train. Leaks of ambient air through fittings between pieces of the 
sampling train (e.g., tubing to particulate filter) will dilute the sample. 

@AIR TOXICS LTD. 
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Don't sample too fast. There is no established flow rate for collecting a soil gas or LFG sample, 
but san1pling slower has advantages. First, any leaks in the sampling train will be less pwmi.nent at 
lower flow rates due to less differential pressure across the leaking connection. Second, sampling 
slower may allow the conditions in the vadose zone or landfill to equilibrate better and produce a 
more representative grab sample. Consider using a needle valve or even a 5 micron particulate 
filter (see Section 2.2.3) to reduce the flow rate into the canister or Tedlar bag. 

Purge the sample port. A sample port on a SVE system or LFG collection system can accumu­
late solids or liquids depending upon the location of the port in the process and the orientation of 
the port. An influent sample port located upstream of a filter or moisture knock-out can be laden 
with particulates or saturated with water vapor. Heavy particulate matter can clog the particulate 
filter and foul the canister valve. It is important to prevent liquids from entering the cani~ter. The 
presence of water in a canister sample will significantly lower the recovery of both non-polar and 
polar compounds. A sample port oriented downward may have liquid standing in the valve. Purge 
the sample port adequately before connecting the sampling train. · · 

Consider the effects of sampling a process under vacuum or pressure. When collecting a grab 
sample from a stationary source such as an SVE system or LFG collection system, some·sample 
ports may be under vacuum or pressure relative to ambient conditions. When the sample port is 
under vacuum, such as the header pipe from the extraction well network, it may be difficult to fill 
the canister with the desired volume of sample. A vacuum pump can be used to collect a ~anister 
grab sample from a sample port under considerable vacuum. See the related discussion on sam­
pling at altitude in Section 4.2. When the sample port is under pressure, such as the effluent stack 
downstream of the blower and treatment system, you may inadvertently pressurize the canister. 
Only a DOT-approved sample cylinder should be used to transport pressurized air samples (see 
Section 4.4 ). Under no circumstances should an Air Toxics Ltd. canister be pressurized more than 
5 psig for a 6 L canister and 15 psig for a I L canister. Bleed off excess pressure by opening the 
valve temporarily while monitoring the canister with a pressure gauge. 

4.4 Considerations for Sample Cylinder Sampling 
Sample cylinders, also known as "sample bombs", are DOT-approved, high pressure, thick-walled, 
stainless steel cylinders with a valve at each end. They were intended for collecting a pressurized · 
sample for petrolewn gas applications. Sample cylinders differ from sample canisters in that they do 
not have a Summa-passivated interior surface and are not evacuated prior to shipment. Sample 
cylinders are not suitable for analysis of hydrocarbons at ppbv levels. Sample cylinders can be used for 
analysis ofnatural gas by ASTM D-1945 and calculation of Btu by ASTM D-3588. Air Toxics Ltd .. 

& 
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assumes that clients requesting a sample cylinder have a pressurized process and sample port with a 
built-in gauge and 1/4 in. Swagelock fitting to attach to the sample cylinder. Air Toxics Ltd. has an 
inventory of 500 mL sample cylinders that are particularly suited for landfill gas collection systems 
(i.e., LFG to energy applications). This section provides step-by-step procedures for sampling with a 
sample cylinder. 

Step-by-Step Procedures for Sample Cylinder Sampling 

I 

These procedures are for a typical stationary source sampling application and actual field conditions 
and procedures may vary. Follow all precautions in the site Health and Safety Plan when dealing with 
a pressurized sample port and sample cylinder. 

I. Verify contents of the shipped package (e.g., chain-of-custody, sample cylinder, particulate filter) 

2. : Verify that gauge on sample port is working properly 

3. Purge sample port 

4. Remove brass caps on either end of cylinder 

5. Attach particulate filter to upstream valve 

6. Attach filter/cylinder assembly directly to the sample port 

7. Open both valves 1/2 turn 

8 .. Allow sample air to flow through sample cylinder (approximately 10 L for a 500 mL cylinder) 

9. Close downstream valve of sample cylinder by hand tightening knob clockwise 

10. Allow sample cylinder to pressurize to process pressure (max 100 psig) 

11. Close upstream valve of sample cylinder and sample port 

12. Detach filter/cylinder assembly from sample port and remove particulate filter 

13. Replace brass caps 

14. Fill out sample cylinder sample tag 

15, Return sample cylinder in box provided 
- Unreturned sample cylinder charge of $650 each. 

16: Return sample media in packaging provided. Unreturned equipment charges: 
- $45 per particulate filter 

11: Fill out chain-of-custody and relinquish samples properly 

l 8. Place chain-of-custody in box and retain pink copy 

19. Tape box shut and affix custody seal (if applicable) across flap 

20. Ship accordingly to meet method holding times 

@ AIR TOXICS LTD. 
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Geoprobe® Soil Gas Sampling 

Ge·oprobe Tools 
I Sampling: ~ - Groundwater -~ - Manual I GW Monitoring I Hydraulic Conductivity I Geotechnical I Direct Sensing I Augers/Drills I Probe Rods I 

""Main Info 

Here'. 11ow 
ltWoik.L 

• PHT Active Sampling 

The Post Run Tubing System (PRT) is an 
ideal tool for locating and delineating 
contaminated areas when used properly. 
It allows the user to collect soil vapor 
samples quickly and easily at the desired 
sampling depth WITHOUT the time­
consuming complications associated with 
rod leakage and contamination. 0-ring 
connections enable the PRT system to 
deliver a vacuum-tight seal that prevents 
sample contamination from UP hole, and 
assures that the sample is taken from the 
desired depth at the BOTIOM of the hole. 
The sample is drawn through the point 
holder, through the adapter, and into the 
sample tubing. The tubing can be replaced 
after each sample, thus eliminating sample 
carryover problems and the need to decontaminate the probe rods. The resulting time­
savings translates into a higher productivity rate for you and your client. 

The PRT is inserted AFTER the probe rods are driven to depth. 
Advantages include ... 

• Increases speed and accuracy of soil gas sampling. 
• Eliminates problems associated with rod leakage and sample carryover. 
• Utilizes simple design for ease of use and vacuum-tight probing. 
• Sampling train and all connections can be checked to verify leak-free status . 
• Requires no management of inner tubing during probing. 

PRT Applications: 

• Rapidly define the extent of VOe contamination in the subsurface, under 
appropriate conditions. 

• Rapidly define potential source areas of voe contamination over large or small 
areas. 

• Determine the types of voe contamination present in the subsurface at a facility. 
• Rapidly define the potential extent of groundwater contamination and down gradient 

migration of voe·s under appropriate conditions. 
• Determine presence, extent, concentration, and types of landfill gasses (methane, 

carbon dioxide, et.) present in the subsurface at active and abandoned landfills. 
• Locate potential sources and delineate plumes of perchloroethylene (PeE) 

associated with active or abandoned dry cleaning facilities. 
• Locate potential source and delineate plumes of carbon tetrachloride (CC14) 

associated with active or abandoned grain storage facilities. 
• Locate potential sources and delineate plumes of benzene, toluene, ethyl benzene, 

and xylenes (BTEX) associated with active or abandoned gasoline storage facilities 
[both underground storage tanks (UST) and aboveground storage tanks (AST)]. 

• Locate potential sources and delineate plumes of chlorinated solvents, including 
compounds such as trichloroethane, trichloroethylene, dichloroethane, and 
dichloroethylene, associated with active or abandoned facilities where degreasing 
or metal plastic parts cleaning operations were conducted. 

Copyright@ 2003 Kejr. Inc .. 

A cross section of 
the PRT System 
showing how soil 
gas (arrows) is 
drawn through the 
inner tubing system. 

-. http://www.geoprobe.com/products/tools/soil__gas/prtdesc.htm 
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>Here's How 
It Works ... 

Ge-oprobe Tools 
I Sampling: SQi!- Groundwater -~-~I GW Monitoring I Hydraulic Conductivity I Geotechnical I Direct Sensing I 
Augers/Drills I Probe Rods I 

• PRT Active Sampling 

! 
l 
I 
f 

"'$EA 
ProbeRods g 

I 
I 
I 
I 

Field technicians can use a PRT Expendable Point 
Holder to sample soil gas with 1.25-inch probe 
rods. This point holder accepts 1.1-inch OD 
Expendable Drive Points at the lower end (Figure 
A). These points are used because their 1.1-inch 
OD is smaller than the 1.25-inch probe rods and 
therefore does not provide an annulus when driven 
to depth. This size difference also means that a 
PRT Point Popper may be required to push the 
expendable drive point out of the point holder before 
a vapor sample is collected (Figure B) . 

EJpelldable ~ bteMIOR. -~ ~ 
-- \J -~ 

PRT 
Point 

Popper 

A Retractable Drive Point Assembly (AT21 B) may 
be used in place of the conventional expendable 
drive point. A PRT Retractable Point Holder 
(PR21 B) is used to attach the retractable point to 
the tool string and also requires an AT1226 
adapter. The retractable point extends upon pull­
back to allow gas sampling, but remains attached 
to the holder for further probing (Figure C). 

Adapter 
Geaprobe 

l.2S11.Pinx 
1.0-1n.Box 

Copyright© 2003 Kejr. Inc. 

http://www.geoprobe.com/products/tools/soil _gas/prtdwg.htm 

·Page l'of 1 

21512004 



-·---
----
--
-
..... 

.... 

·-
.... 

-
-

-
111111 

-
---
--

SOP for Soil Vapor Sampling 
Officer's Club 
Holloman AFB, NM 

-.. 
FfJbruary 5, 2004 2004 

ATTACHMENT C 

Purge Volume Calculations 



--
·----
-
---... 
.... 

,,. .. 
-
-

--
-

..... 

-
-

-
-

02/03/04 TUE 16:33 FAX 9702571251 
Feb 02 D4.D7:5Dp 

JODY GARDNER 

Purge Volume Calculations 

17131784-6105 

Total Purge Volume = Tubing Volume + Pull Back Vold Volume+ 20 mL 

1. Tubing Volume for 1/8-lnch Inside Diameter Tubing 

Volume= TT x r2 x h. where: "= 3.14. r =inside radius of tubing, and h =length of tubing. 
For r in inches and h in feet: Volume in ml (cubic centimeters) = 3.14 x r2 x h x 196.64 

[4]008 

p.8 
i _; : 

Length Volume Length Volume Length Volume 
(feet) (ml) {feet) (mL) (feet) 

1 2 19 46 37 
2 5 20 48 36 
3 7 21 51 39 
4 10 22 53 40 
5 12 23 55 41 
6 14 24 58 42 
7 17 25 60 43 
B 19 26 63 44 
9 22 27 65 45 

10 24 28 67 46 
11 27 29 70 47 
12 29 30 72 48 
13 31 31 75 49 
14 34 32 77 50 
15 36 33 BO 51 
16 39 34 82 52 
17 41 35 84 53 
18 43 36 87 54 

2. Void space behind tip based on pull back 

Volurne;;; TT x r2 x h, where: "= 3.14, r =Inside radius of tubing. and h =length of tubing. 
The table below was calculated based on rod/tip outside diameter of 3 cm. 
Tip shafUrod inside diameter not included in calculation 

Pull Back Volume Pull Sack Volume 

inches £!!! cc or ml Inches £!!! cc or ml 
0.5 1.27 9 5.5 13.97 99 
1 2.54 18 6 15.24 108 

1.5 3.81 27 6.5 16.51 117 
2 5.06 36 7 17.78 126 

(ml) 
89 
92 
94 
96 
99 

101 
104 
106 
106 
111 
113 
116 
118 
121 
123 
125 
128 
130 

2.5 6.35. 45 7.5 19.05 135 
3 7.62 54 8 20.32 144 

3.5 8.69 63 8.5 21.59 153 

LJ 
} Pull Back 

9 4 10.16 72 9 22.86 162 
4.5 11.43 81 9.5 24.13 170 
5 12.7 90 10 25.4 179 

02/03/2004 TUE 16:32 [TX/RX NO 9132] 
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Green Services, Inc. 
Geoprobe® Soil Gas Sampling 

Prior to the introduction of Post Run Tubing (PRT) soil gas sampling there were less 
effective ways to collect soil gas samples with a Geoprobe®. An expendable point was 
driven to the sampling depth and detached by withdrawing the drive rods far enough to 
create an opening for gas to move into the drive rods from the base of the hole (this has 
not changed). Then soil gas samples were withdrawn by attaching tubing to the top of 
the drive rods and applying a vacuum. The large inside diameter (ID) of the drive rods 
required a large purge volume, and produced samples that were not uniformly 
representative of contaminant concentrations in the subsurface. Small ID tubing was 
needed to reduce the purge volume, and was incorporated into the sampling system with 
an inflatable packer to provide the seal at depth and insure the collection of representative 
samples·. The packer system functioned well, however it was cwnbersome in the field, 
and had problems with carryover contamination and possible leaks in the pressurized 
system. 

When Geoprobea;i introduced the PRT system there was doubt that the seal created with 

""' ff-"n 
'tr . ~ 
US·in<llProbe~od. ~ 

I 
I 

' I 
. ,~, hpoi161bl1 B 

Poftit Hcldtr 

'•• tll~n<h 
Probd.6dt .•• . · .. 

I . 

the O~ring was reliable. A test was designed and repeated 
to determine the reliability of the seal. A drive rod was 
attached to the point holder, and a PRT adapter with tubing 
was assembled and installed, as if to collect a sample (as 
shown). The annular space between the tubing and drive 
rod ID was then filled with water. A vacuum was t}ien 
applied to the tubing (as if collecting a sample), and even 
with the open end of the point holder blocked (where soil 
gas would enter the system to fill the vacuum), no water 
was forced through the 0-ring seal. 

On site this test can be repeated without the water. The 
assembled system will he sealed (open end of the point 
bolder bloc~ed) and a vacuum applied with a syringe. 
When the syringe is released, any gases leaked will displace 
the syringe plunger from its original position. Close 

attention to detail wilt be needed when performing this test to prevent leakage of air into 
the system from the blocked end of the point holder, and not to exc~ed reasonable 
vacuum levels that are used to collect samples. 

• Prn,~ilurc !'tom Target Environmental Se1'\'ices . 

Expen'encec/ Hiinc/5 
Green Services, Inc. PO Box 929, Bel Air, MD 21014 Phone 410-836;5581 Fax 410-836-5981 

02/03/2004 TUE 16:32 [TX/RX NO 9132) 
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NAPHTHAS 1550 

Table 1 MW: Table 1 CAS: Table 1 RTECS: Table 1 

METHOD: 1550, Issue 2 EVALUATION: FULL Issue 1: 15 February 1984 
Issue 2: 15 August 1994 

OSHA: Table 1 
NIOSH: Table 1 
ACGIH: Table 1 

PROPERTIES: Table 1 

SYNONYMS: Petroleum ether (benzin), rubber solvent, petroleum naphtha, VM&P naphtha, mineral spirits, Stoddard solvent, 
kerosene (kerosine), coal tar naphtha. 

SAMPLER: 

FLOW RATE: 

VOL-MIN: 
-MAX: 

SHIPMENT: 

SAMPLE 
STABILITY: 

BLANKS: 

SAMPLING 

SOLID SORBENT TUBE 
(coconut shell charcoal, 100 mg/50 mg) 

0.01 to 0.2 Umin 

1.3 L@400 mg/m 3
; 0.2 L@2500 mg/m 3 

20 L@ 400 mg/m 3
; 3.2 L@ 2500 mg/m 3 

routine 

at least 1 week @ 25 ·c 

2 to 10 field blanks per set 

BULK SAMPLE: required; 5 to 10 ml 

ACCURACY 

RANGE STUDIED: see EVALUATION OF METHOD 

BIAS: see EVALUATION OF METHOD 

OVERALL PRECISION (SrT): 0.05 [1] 

ACCURACY: see EVALUATION OF METHOD 

MEASUREMENT 

TECHNIQUE: GAS CHROMATOGRAPHY, FID 

ANALYTE: naphtha hydrocarbons 

DESORPTION: 1 ml CS2; stand 30 min 

INJECTION VOLUME: 5 µL (packed column); 0.1 to 1 µL 
(capillary column) 

TEMPERATURE-INJECTION: 
-DETECTOR: 

-COLUMN: 

200 to 250 ·c 
250 to 300 ·c 
50 to 250 ·c @ 8 °/min 

CARRIER GAS: N2 or He, 30 ml/min 

COLUMN: glass, 3 m x 6-mm, 10% SP-2100 on 
Supelcoport 80/100 or 30-m fused silica 
capillary, 0.325-mm ID, 1.0-µm DB-1 or 
equivalent 

CALIBRATION: solutions of bulk naphtha in CS 2 

RANGE: 0.5 to 10 mg per sample (2,3,4] 

ESTIMATED LOO: 0.1 mg per sample 

PRECISION (S,): 0.01 [1] 

APPLICABILITY: The working range is 100 to 2000 mg/m 3 for a 5-L air sample. This is a general procedure for analysis of 
various types of hydrocarbon mixtures called "naphthas" which are used as thinners in paints and varnishes and as genera I 
purpose solvents . 

INTERFERENCES: Most naphthas are quite complex. The components elute over a wide temperature range by gas 
chromatography, making interferences from other substances possible. Columns and conditions must be chosen to obtain the 
desired degree of separation for a given mixture. 

OTHER METHODS: This method combines and replaces Methods S86 (2], S380 (3] and S382 [4]. A similar method appears 
in the criteria document [5]. 

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 
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. REAGENTS: 

1. Eluent: Carbon disulfide*, chromatographic 
quality, containing 0.1 % (v/v) octane, 0.5% 
(v/v) hexadecane or other suitable internal 
standard. 
NOTE 1: Use an internal standard which is 

not a major constituent of the 
sample. 

NOTE 2: Use toluene in place of carbon 
disulfide for low-boiling analytes 
[5]. 

2. Naphtha bulk sample. 
3. Nitrogen or helium, purified. 
4. Hydrogen, prepurified. 
5. Air, filtered. 

* See SPECIAL PRECAUTIONS. 

EQUIPMENT: 

1. Sampler: glass tube, 7 cm long, 6-mm OD, 4-
mm ID, flame-sealed ends, containing two 
sections of activated (600 °C) coconut shell 
charcoal (front = 100 mg; back = 50 mg) 
separated by a 2-mm urethane foam plug. A 
silylated glass wool plug precedes the front 
section and a 3-mm urethane foam plug 
follows the back section. Pressure drop 
across the tube at 1 Umin airflow must be 
less than 3.4 kPa. Tubes are commercially 
available. 

2. Personal sampling pump, 0.01 to 0.2 Umin, 
with flexible connecting tubing. 

3. Gas chromatograph, FID, integrator and 
column (page 1550-1). 

4. Vials, glass, 2-mL, PTFE-lined crimp caps. 
5. Syringe, 10-µL (1-µL syringe for capillary 

columns) and other convenient sizes for 
preparing standards, readable to 0.1 µL. 

6. Volumetric flasks, 10-mL. 
7. Pipet, delivery, 1.0-mL, with pipet bulb. 

SPECIAL PRECAUTIONS: Carbon disulfide is toxic and an acute fire and explosion hazard (flash point 
= -30 °C); work with it only in a hood . 

SAMPLING: 

1. Calibrate each personal sampling pump with a representative sampler in line. 
2. Break the ends of the sampler immediately before sampling. Attach sampler to personal 

sampling pump with flexible tubing. 
3. Sample at an accurately known flow rate between 0.01 and 0.2 Umin for a total sample size 

which contains between 0.5 and 8 mg naphtha. 
4. Cap the samplers with plastic (not rubber) caps and pack securely for shipment. Ship a bulk 

sample (5 to 10 ml) in a separate container from the sorbent tubes. 

SAMPLE PREPARATION: 

5. Place the front and back sorbent sections of the sampler tube in separate vials. Discard the 
glass wool and foam plugs. 

6. Add 1.0 ml eluent to each vial. Attach crimp cap to each vial. 
7. Allow to stand 30 min with occasional agitation. 

CALIBRATION AND QUALITY CONTROL: 

8. Calibrate daily with at least six working standards over the range 0.1 to 10 mg naphtha per 
sample. 
a. Add known amounts of naphtha bulk sample to eluent in 10-mL volumetric flasks and dilute 

to the mark. 

NIOSH Manual of Analytical Meth.ods (NMAM), Fourth Edition, 8/15/94 
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b. Analyi:e together with samples· and blanks (steps 11 ·and 12) .. · 
c. Prepare calibration graph (ratio of peak area of analyte to peak area of internal standard vs. 

mg naphtha). 
9. Determine desorption efficiency (DE) at least once for each batch of charcoal used for sampling 

in the calibration range (step 8). Prepare three tubes at each of five levels plus three media 
blanks. 
a. Remove and discard back sorbent section of a media blank sampler. 
b. Inject a known amount of naphtha bulk sample directly onto front sorbent section with a 

microliter syringe. 
c. Cap the tube. Allow to stand overnight. 
d. Desorb (steps 5 through 7) and analyze together with working standards (steps 11 and 12). 
e. Prepare a graph of DE vs. mg naphtha recovered. 

10. Analyze three quality control blind spikes and three analyst spikes to insure that the calibration 
graph and DE graph are in control. 

MEASUREMENT: 

11. Set gas chromatograph according to manufacturer's recommendations and to conditions given 
on page 1550-1. Inject sample aliquot manually using solvent flush technique or with 
autosampler. 
NOTE 1: The columns and conditions given provide moderate to good separation of 

components. If less resolution is needed, use shorter, less efficient columns as 
were used in validation of Methods S86 [2], S380 [3] and S382 [4]. 

NOTE 2: If peak area is above the linear range of the working standards, dilute with eluent, 
reanalyze and apply the appropriate dilution factor in calculations. 

12. Measure peak area. Divide the peak area of analyte by the peak area of internal standard on 
the same chromatogram. 

CALCULATIONS: 

13. 

14. 

Determine the mass, mg (corrected for DE) of naphtha found in the sample front 0/lf 1) and back 
(W b) sorbent sections, and in the average media blank front (B 1) and back (B b) sorbent sections. 
NOTE: If W b > W /10, report breakthrough and possible sample loss. 
Calculate concentration, C, of naphtha in the air volume sampled, V (L): 

c _ c w1 + wb - s, - Bb) · 1~ Q/ 3 - V , m m. 

EVALUATION OF METHOD: 

Methods S86 (Naphtha, Coal Tar), S380 (Petroleum distillate) and S382 (Stoddard Solvent) were issued 
on March 14, 1975 [2,3,4]. They were validated at 24 °C and approximately 755 mm Hg using 10-, 4-
and 3-L air samples, respectively, of 2-50-W Hi-Flash Solvent (Neville Chemical Co.; BP 154 to 195 °C; 
d 0.893 g/ml), VM&P Naphtha (Amsco Product 1101; BP 120 to 147 °C; d 0.743 g/ml) and Stoddard 
Solvent (Fisher Scientific Co.; BP 159 to 176 °C; d 0.774 g/ml) [1]. Overall precision and recovery 
were as shown below, representing a non-significant bias in each method. Breakthrough tests in dry air 
showed a capacity of 20 to 25 mg of each solvent tested. Capacity at high relative humidity was not 
determined. 

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94 



·-
-.. 
.... 

..... 

---
11111 

.... 

-
-
-.... 
-
-
•• 

-
•• 
..... 

-
-
•• 
.... 

---

Method 

S86(b) 
S380(a) 
S382(b) 
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Overall Range· Studied 
Precision ( S,r) Bias Accuracy mg/m 3 mg per sample 

0.051 5.99% ±15.0% 193 to 809 2 to 8 
0.052 -4.37% ±12.5% 937 to 3930 4 to 16 
0.052 -3.10% ±11.4% 1417 to 5940 4.5 to 18 

Avg. 
DE 

0.88 
0.96 
0.95 

NOTES: (a) Data based on experiments using an internal standard method with a 10 ft., 1/8" 
stainless steel column packed with 10% OV-101 on 100/120 mesh Supelcoport. 

Ref. 

[1,2] 
[1,3] 
[1,4] 

(b) Data based on experiments using an internal standard method with a 6 ft., 1/8" stainless 
steel column packed with 1.5% OV-101 on 100/120 mesh Chromosorb W. 

REFERENCES: 

[1] 

[2] 

[3] 

[4] 
[5] 

Documentation of the NIOSH Validation Tests, S86, S380, S382, U.S. Department of Health, 
Education, and Welfare, Publ. (NIOSH) 77-185 (1977) . 
NIOSH Manual of Analytical Methods, 2nd ed., V. 2, Method S86, U.S. Department of Health, 
Education, and Welfare, Publ. (NIOSH) 77-157-B (1977). 
Ibid, V. 3, S380, U.S. Department of Health, Education, and Welfare, Publ. (NIOSH) 77-157-B 
(1977). 
Ibid, S382. 
Criteria for a Recommended Standard ... Occupational Exposure to Refined Petroleum Solvents, 
U.S. Department of Health, Education, and Welfare, Publ. (NIOSH) 77-192 (July, 1977). 

METHOD REVISED BY: 

Ardith A. Grote, NIOSH/DPSE; 886, 8380 and 8382 originally validated under NI08H Contract 
CDC-99-7 4-55. 
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Table 1. General information. 

Exposure 

Umjts mg/m3 

NAME 
OSHA 

CAS# 
Predominant 

RETECS 
Hydrocarbon Species 

Petroleum ether (a) 

8032-32-4 
016180000 

Rubber solvent (a) 

SE7449000 
8030-30-6 

Petroleum naphtha (b) 

(Petroleum distillates mixture) 

8002-05-9 
SE7449000 

VM&P naphtha (a) 

8032-32-4 
016180000 

Mineral spirits (a) 

8052-41-3 

WJ89250000 

Stoddard solvent (a) 

8052-41-3 

WJ8925000 

Kerosene (a) 

8008-20-6 

OA5500000 

Coal tar naphtha (b) 

Boiling 
NIOSH 

Range (°C) 
ACGIH 

30 to 60 
c.-c. 

45 to 125 
c.-c. 

30 to 238 
c.-c. 

95 to 160 
C1-C11 

150 to 200 
c.-c12 

150 to 210 
c0-c12 

175 to 325 

c.-c, • 

110 to 190 

c.-c10 

Vapor 

Pressure, kPa 

(mm Hg) @ 20 °C 

13 (100) 

(13 °C) 

(c) 
2000 (500 ppm) 

5 (40) 
2000 (500 ppm) 

0.3 to 3 (2 to 20) 

0.2758(2) 
2900 (500 ppm) 

0.2758 (2) 
2900 (500 ppm) 

(c) 

<0.7 (<5) 
400 (100 ppm) 

Liquid Density 

(g/mL @ 15 °C) 

0.63 to 0.66 

aliphatic 350; C 1800 

0.67 to 0.85 

aliphatic 350; C 1800 

1590 (400 ppm) 

0.6 to 0.8 

350; c 1800 

0.72 to 0.76 

<20% aromatic350, C 1800 
1370 (300 ppm) 

0.77 to 0.81 

<20% aromatic 
350; c 1800 
525 (100 ppm) 

0.75 to 0.80 

<20% aromatic 
350; c 1800 
525 (100 ppm) 

0.8 

<20% aromatic 
100 

0.86 to 0.89 
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8030-30-6 

DE3030000 (NIOSH) 

(a) As defined by NIOSH Criteria Document [5]. 
(b) As defined for OSHA PEL. 
(c) Not available . 

NIOSH Manual of Analyatical Methods (NMAM), Fourth Edition, 8/15/94 

aromatic 
400 (100 ppm) 
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SOIL GAS SAMPLING 
SOP#: 2042 

DATE: 06/01/96 
REV.#: 0.0 

1.0 SCOPE AND APPLICATION 

Soil gas monitoring provides a quick means of waste 
site evaluation. Using this method, underground 
contamination can be identified, and the source, 
extent, and movement of the pollutants can be traced. 

This standard operating procedure (SOP) outlines the 
methods used by U.S. EPA/ERT in installing soil gas 
wells; measuring organic vapor levels in the soil gas 
using a Photoionization Detector (PIO), Flame 
Ionization Detector (FID) and/or other air monitoring 
devices; and sampling the soil gas using Tedlar bags, 
Tenax sorbent tubes, and/or Summa canisters. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent on site conditions, equipment 
limitations or limitations imposed by the procedure . 
In all instances, the ultimate procedures employed 
should be documented and associated with the final 
report. 

Mention of trade names or commercial products does 
not constitute U.S. EPA endorsement or 
recommendation for use. 

2.0 METHOD SUMMARY 

A 3/8" diameter hole is driven into the ground to a 
depth of four to five feet using a commercially 
available slam bar. Soil gas can also be sampled at 
other depths by the use of a longer bar or bar 
attachments. A 114" O.D. stainless steel probe is 
inserted into the hole. The hole is then sealed around 
the top of the probe using modeling clay. The gas 
contained in the interstitial spaces of the soil is 
sampled by pulling the sample through the probe 
using an air sampling pump. The sample may be 
stored in Tedlar bags, drawn through sorbent 
cartridges, or analyzed directly using a direct reading 
instrument. The air sampling pump is not used for 
Summa canister sampling of soil gas. Sampling is 

achieved by soil gas equilibration with the evacuated 
Summa canister. 

Other field air monitoring devices, such as the 
combustible gas indicator (MSA CGI/02 Meter, 
Model 260) and the Organic Vapor Analyzer (Foxboro 
OVA, Model 128), can also be used dependent on 
specific site conditions. Measurement of soil 
temperature using a temperature probe may also be 
desirable. Bagged samples are usually analyzed in a 
field laboratory using a portable Photovac GC. 

Power driven sampling probes may be utilized when 
soil conditions make sampling by hand unfeasible 
(i.e., frozen ground, very dense clays, pavement, etc.). 
Commercially available soil gas sampling probes 
(hollow, 1/2 = O.D. steel probes) can be driven to the 
desired depth using a power hammer (e.g., Bosch 
Demolition Hammer or Geoprobe™). Samples can be 
drawn through the probe itself, or through Teflon 
tubing inserted through the probe and attached to the 
probe point. Samples are collected and analyzed as 
described above. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

3.1 Tedlar Bags 

Soil gas samples are generally contained in 1.0-L 
Tedlar bags. Bagged samples are best stored in dark 
plastic bags placed in coolers to protect the bags from 
any damage that may occur in the field or in transit. 
In addition, coolers insure the integrity of the samples 
by keeping them at a cool temperature and out of 
direct sunlight. Samples should be analyzed as soon 
as possible, preferably within 24 - 48 hours. 

3.2 Tenax Tubes 

Bagged samples can also be drawn onto Tenax or 



other sorbent tubes to undergo lab GC/MS analysis. 
IfTenax tubes are to be utilized, special care must be 
taken to avoid contamination. Handling of the tubes 
should be kept to a minimum and only while wearing 
nylon or other lint-free gloves. After sampling, each 
tube should be stored in a clean, sealed culture tube; 
the ends packed with clean glass wool to protect the 
sorbent tube from breakage. The culture tubes should 
be kept cool and wrapped in aluminum foil to prevent 
any photodegradation of samples (see Section 7.4.). 

3.3 Summa Canisters 

The Summa canisters used for soil gas sampling have 
a 6 liter sample capacity and are certified clean by 
GC/MS analysis before being utilized in the field. 
After sampling is completed, they are stored and 
shipped in travel cases. 

4~ INTERFERENCES AND 
POTENTIAL PROBLEMS 

4.1 PID Measurements 

A number of factors can affect the response of a PIO 
(such as the HNu PI 101). High humidity can cause 
lamp fogging and decreased sensitivity. This can be 
significant when soil moisture levels are high, or 
when a soil gas well is actually in groundwater. High 
concentrations of methane can cause a downscale 
deflection of the meter. High and low temperature, 
electrical fields, FM radio transmission, and naturally 
occurring compounds, such as terpenes in wooded 
areas, will also affect instrument response. 

Other field screening instruments can be affected by 
interferences. Consult the manufacturers manuals. 

4.2 FID Measurements 

A number of factors can affect the response of an FID 
(such as the OVA model 128). High humidity can 
cause the FID to flame out or not ignite at all. This 
can be significant when soil moisture levels are high, 
or when a soil gas well is actually in groundwater. 
The FID can only read organic based compounds 
(they must contain carbon in the molecular structure). 
The FID also responds poorly to hydrocarbons and 
halogenated hydrocarbons (such as gasoline, propane 
fuel). High and low temperature, electrical fields and 
FM radio transmission will also affect instrument 
response. 

2 

4.3 Factors Affecting Organic 
Concentrations in Soil Gas 

Concentrations in soil gas are affected by dissolution, 
adsorption, and partitioning. Partitioning refers to the 
ratio of component found in a saturated vapor above 
an aqueous solution to the amount in the solution; this 
can, in theory, be calculated using the Henry's Law 
constants. Contaminants can also be adsorbed onto 
inorganic soil components or "dissolved" in organic 
components. These factors can result in a lowering of 
the partitioning coefficient. 

Soil "tightness" or amount of void space in the soil 
matrix, will affect the rate of recharging of gas into 
the soil gas well. 

Existence of a high, or perched, water table, or of an 
impermeable underlying layer (such as a clay lens or 

·layer of buried slag) may interfere with sampling of 
the soil gas. Knowledge of site geology is useful in 
such situations, and can prevent inaccurate sampling. 

4.4 Soil Probe Clogging 

A common problem with this sampling method is soil 
probe clogging. A clogged probe can be identified by 
using an in-line vacuum gauge or by listening for the 
sound of the pump laboring. This problem can usually 
be eliminated by using a wire cable to clear probe (see 
Section 7.1.3.). 

4.5 Underground Utilities 

Prior to selecting sample locations, an underground 
utility search is recommended. The local utility 
companies can be contacted and requested to mark the 
locations of their underground lines. Sampling plans 
can then be drawn up accordingly. Each sample 
location should also be screened with a metal detector 
or magnetometer to verify that no underground pipes 
or drums exist. 

5.0 EQUIPMENT/ APPARATUS 

5.1 Slam Bar Method 

C Slam Bar (1 per sampling team). 
C Soil gas probes, stainless steel tubing, 114" 

O.D., 5 ft length. 
C Flexible wire or cable used for clearing the 

.. 
l 
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tubing during insertion into the well. 
"Quick Connect" fittings to connect sampling 
probe tubing, monitoring instruments, and 
Gilian pumps to appropriate fittings on 
vacuum box. 
Modeling clay. 
Vacuum box for drawing a vacuum around 
Tedlar bag for sample collection (1 per 
sampling team). 
Gilian pump Model HFS113A adjusted to 
approximately 3.0 L/min (1 to 2 per sample 
team). 
114" Teflon tubing, 2 ft to 3 ft lengths, for 
replacement of contaminated sample line. 
1/4" Tygon tubing, to connect Teflon tubing 
to probes and quick connect fittings. 
Tedlar bags, 1.0 L, at least 1 bag per sample 
point. 
Soil Gas Sampling labels, field data sheets, 
logbook, etc. 
PID/FID, or other field air monitoring 
devices, (1 per sampling team). 
Ice chest, for carrying equipment and for 
protection of samples (2 per sampling team). 
Metal detector or magnetometer, for 
detecting underground utilities/pipes/drums 
(1 per sampling team). 
Photovac GC, for field-lab analysis of 
bagged samples: 
Summa canisters (plus their shipping cases) 
for sample, storage and transportation. 
Large dark plastic garbage bags 

Power Hammer Method 

Bosch demolition hammer. 
112" O.D. steel probes, extensions, and 
points. 
Dedicated aluminum sampling points. 
Teflon tubing, 1/4". 
"Quick Connect" fittings to connect sampling 
probe tubing, monitoring instruments, and 
Gilian pumps to appropriate fittings on 
vacuum box. 
Modeling clay. 
Vacuum box for drawing a vacuum around 
Tedlar bag for sample collection (1 per 
sampling team). 
Gilian pump Model HFS113A adjusted to 
approximately 3.0 L/min (1to2 per sample 
team). 
114" Teflon tubing, 2 ft to 3 ft lengths, for 
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replacement of contaminated sample line. 
C 1/4" Tygon tubing, to connect Teflon tubing 

to probes and quick connect fittings. 
C Tedlar bags, 1.0 L, at least 1 bag per sample 

point. 
C Soil Gas Sampling labels, field data sheets, 

logbook, etc. 
C HNu Model Pl 101, or other field air 

monitoring devices, (1 per sampling team). 
C lee chest, for carrying equipment and for 

protection of samples (2 per sampling team). 
C Metal detector or magnetometer, for 

detecting underground utilities/pipes/drums 
(1 per sampling team). 

C Photovac GC, for field-lab analysis of 
bagged samples. 

C Summa canisters (plus their shipping cases) 
for sample, storage and transportation. 

C Generator w/extension cords. 
C High lift jack assembly for removing probes. 

5.3 Geoprobe™ Method 

The Geoprobe is a hydraulically-operated sampling 
device mounted in a customized four-wheel drive 
vehicle. The sampling device can be deployed from 
the truck and positioned over a sample location. The 
base of the sampling device is positioned on the 
ground. The weight of the vehicle is hydraulically 
raised on the base. As the weight of the vehicle is 
transferred to the probe, the probe is pushed into the 
ground. A built-in hammer mechanism allows the 
probe to be driven past some dense stratigraphic 
horizons. When the probe reaches the sample depth, 
up to 50 feet under favorable geologic situations, 
samples can be collected. 

Soil gas can be collected from specific depths in two 
general ways. One method involves withdrawing a 
sample directly from the probe rods, after evacuating 
a sufficient volume of air from the probe rods. The 
other method involves collecting a sample through 
tubing attached by an adaptor to the bottom probe rod 
section. Correctly used, this method provides more 
reliable results. Manufacturer's instructions and the 
SOP for the Model 5400 Geoprobe™ Operation 
should be followed when using this method. 

6.0 REAGENTS 

C PID/FID or calibration gases for field air 
monitoring devices (such as methane and 
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7.1 
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isobutylene ). 
Deionized organic-free water, for 
decontamination. 
Methanol, HPLC grade, for decontamination. 
Ultra-zero grade compressed air, for field 
blanks. 
Standard gas preparations for Photovac GC 
calibration and Tedlar bag spikes. 
Propane Torch (for decontamination of steel 
probes) 

PROCEDURES 

Soil Gas Well Installation 

Initially a hole slightly deeper than the 
desired depth is made. For sampling up to 5 
feet, a 5-ft single piston slam bar is used. 
For deeper depths, a piston slam bar with 
threaded 4-foot-long extensions can be used. 
Other techniques can be used, so long as 
holes are of narrow diameter and no 
contamination is introduced. 

After the hole is made, the slam bar is 
carefully withdrawn to prevent collapse of 
the walls of the hole. The soil gas probe is 
then inserted. 

It is necessary to prevent plugging of the 
probe, especially for deeper holes. A metal 
wire or cable, slightly longer than the probe, 
is placed in the probe prior to inserting into 
the hole. The probe is inserted to full depth, 
then p.ulled up three to six inches, then 
cleared by moving the cable up and down. 
The cable is removed before sampling. 

The top of the sample hole is sealed at the 
surface against ambient air infiltration by 
using modeling clay molded around the 
probe at the surface of the hole. 

If conditions preclude hand installation of the 
soil gas wells, the power driven system may 
be employed. The generator powered 
demolition hammer is used to drive the probe 
to the desired depth (up to 12 Ft may be 
attained with extensions). The probe is 
pulled up 1-3 inches ifthe retractable point is 
used. No clay is needed to seal the hole. 
After sampling, the probe is retrieved using 

6. 

7.2 

1. 

2. 

3. 

7.3 

1. 

2. 
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the high lift jack assembly. 

If semi-permanent soil gas wells are 
required, the dedicated aluminum probe 
points are used. These points are inserted 
into the bottom of the power driven probe 
and attached to the Teflon tubing. The probe 
is inserted as in step 5. When the probe is 
removed, the point and Teflon tube remain in 
the hole, which may be sealed by backfilling 
with clean sand, soil, or bentonite. 

Screening with Field Instruments 

The well volume must be evacuated prior to 
sampling. Connect the Gilian pump, 
adjusted to 3.0 L/min, to the sample probe 
using a section of Teflon tubing as a 
connector. The pump is turned on, and a 
vacuum is pulled through the probe for 
approximately 15 seconds. Longer time is 
required for sample wells of greater depths. 

After evacuation, the monitoring 
instrument(s) (i.e. HNu or OVA) is 
connected to the probe using a Teflon 
connector. When the reading is stable, or 
peaks, the reading is recorded on soil gas 
data sheets. 

Of course, readings may be above or below 
the range set on the field instruments. The 
range may be reset, or the response recorded 
as a greater than or less than figure. 
Recharge rate of the well with soil gas must 
be considered when resampling at a different 
range setting. 

Tedlar Bag Sampling 

Follow step 7.2.1 to evacuate well volume. 
If air monitoring instrument screening was 
perfonned prior to sample taking, evacuation 
is not necessary. 

Use the vacuum box and sampling train 
(Figure 1) to take the sample. The sampling 
train is designed to minimize the introduction 
of contaminants and losses due to adsorption. 
All wetted parts are either Teflon or stainless 
steel. The vacuum is drawn indirectly to 
avoid contamination from sample pumps. 

.. .. 
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3. 

4. 

5. 

The Tedlar bag is placed inside the vacuum 
box, and attached to the sampling port. The 
sample probe is attached to the sampling port 
via Teflon tubing and a "Quick Connect" 
fitting. 

A vacuwn is drawn around the outside of the 
bag, using a Gilian pump connected to the 
vacuum box evacuation port, via Tygon 
tubing and a "Quick Connect" fitting. The 
vacuum causes the bag to inflate, drawing 
the sample. 

Break the vacuum by removing the Tygon 
line from the pump. Remove the bagged 
sample from the box and close valve. 
Record data on data sheets or in logbooks. 
Record the date, time, sample location ID, 
and the PID/FID instrument reading(s) on 
sample bag label. 

CAUTION: Labels should not be pasted directly onto 
the bags, nor should bags be labeled directly using a 
marker or pen. Inks and adhesive may diffuse through 
the bag material, contaminating the sample. Place 
labels on the edge of the bags, or tie the labels to the 
metal eyelets provided on the bags. Markers with inks 
containing volatile organics (i.e., permanent ink 
markers) should not be used. 

Chain of Custody Sheets must accompany all samples 
submitted to the field laboratory for analysis. 

7.4 Tenax Tube Sampling 

Samples collected in Tedlar bags may be adsorbed 
onto Tenax tubes for further analysis by GC/MS. 

7.4.1 Additional Apparatus 

A. Syringe with a luer-lock tip capable of 
drawing a soil gas or air sample from a 
Tedlar bag onto a Tenax/CMS sorbent tube. 
The syringe capacity is dependent upon the 
volume of sample begin drawn onto the 
sorbent tube. 

B. Adapters for fitting the sorbent tube between 
the Tedlar bag and the sampling syringe. 
The adapter attaching the Tedlar bag to the 
sorbent tube consists of a reducing union 
(1/4" to 1/16" O.D. -- Swagelok cat. # 

C. 

D. 

E. 
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SS-400-6-ILV or equivalent) with a length of 
l/4" 0.D. Teflon tubing replacing the nut on 
the l/6" (Tedlar bag) side. A 114" I.D. 
silicone 0-ring replaces the ferrules in the 
nut on the 114" (sorbent tube) side of the 
union. 

The adapter attaching the sampling syringe to 
the sorbent tube consists of a reducing union 
(l/4" to 1/16" O.D. -- Swagelok Cal # 
SS-400-6-ILV or equivalent) with a 1/4" l.D. 
silicone 0-ring replacing the ferrules in the 
nut on the 114" (sorbent tube) side and the 
needle of a luer-lock syringe needle inserted 
into the 1/16" side. (Held in place with a 
1/16" ferrule.) The luer-lock end of the 
needle can be attached to the sampling 
syringe. It is useful to have a luer-lock 
on/off valve situated between the syringe and 
the needle. 

Two-stage glass sampling cartridge (1/4" 
O.D. x 1/8" I.D. x 5 1/8") contained in a 
flame-sealed tube (Manufacturer: Supelco 
Custom Tenax/Spherocarb Tubes) containing 
two sorbent sections retained by glass wool: 

Front section: 150 mg ofTenax-GC 
Back section: 150 mg of CMS (Carbonized 

Molecular Sieve) 

These tubes are prepared and cleaned in 
accordance with EPA Method 
EMSL/RTP-SOP-EMD-013 by the vendor. 
The vendor sends ten tubes per lot made to 
the REAC GC/MS Laboratory and they are 
tested for cleanliness, precision, and 
reproductability. 

Teflon-capped culture tubes or stainless steel 
tube containers for sorbent tube storage and 
shipping. These containers should be 
conditioned by baking at 120 degrees C for at 
least two hours. The culture tubes should 
contain a glass wool plug to prevent sorbent 
tube breakage during transport. 
Reconditioning of the containers should 
occur between uses or after extended periods 
of disuse (i.e., two weeks or more). 

Nylon gloves or lint-free cloth. (Hewlett 
Packard Part# 8650-0030 or equivalent) 



7.4.2 Sample Collection 

Handle sorbent tubes with care, using nylon gloves (or 
other lint-free material) to avoid contamination. 

Immediately before sampling, break one end of the 
sealed tube and remove the Tenax cartridge. 

Connect the valve on the Tedlar bag to the sorbent 
tube adapter. Connect the sorbent tube to the sorbent 
tube adapter with the Tenax (white granular) side of 
the tube facing the Tedlar bag. Connect the sampling 
syringe assembly to the CMS (black) side of the 
sorbent tube. Fittings on the adapters should be 
finer-tight. Open the valve on the Tedlar bag. Open 
the on/off valve of the sampling syringe. Depending 
on work plan stipulations, at least I 0% of the soil gas 
samples analyzed by this GC method must be 
submitted for confirmational GC/MS analysis 
(according to modified methods TO-I (Tenax 
absorbent] and T0-2 [Carbon Molecular Sieve (CMS) 
absorbent]). Each soil gas sample must be absorbed on 
replicate Tenax/CMS tubes. The volume absorbed on 
a Tenax/CMS tube is dependent on the total 
concentration of the compounds measured by the 
photovac/GC or other applicable GC: 

Total Concentration (ppm) 

>IO 
10 
5 
l 

Sample Volume <mL) 

Use Serial Dilution 
IO - 50 
20-100 

100-250 

After sampling, remove the tube from the sampling 
train with gloves or a clean cloth. DO NOT LABEL 
OR WRITE ON THE TENAX/CMS TUBE. 

Place the sorbent tube in a conditioned stainless steel 
tube holder or culture tube. Culture tube caps should 
be sealed with Teflon tape. 

7.4.3 Sample Labeling 

Each sample tube container (not tube) must be labeled 
with the site name, sample station number, date 
sampled, and volume sampled. 

Chain of custody sheets must accompany all samples 
to the laboratory. 
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7.4.4 Quality Assurance (QA) 

Before field use, a QA check should be performed on 
each batch of sorbent tubes by analyzing a tube by 
thermal desorption/cryogenic trapping GC/MS. 

At least one blank sample must be submitted with 
each set of samples collected at a site. This trip blank 
must be treated the same as the sample tubes except 
no sample will be drawn through the tube. 

Sample tubes should be stored out of UV light (i.e., 
sunlight) and kept on ice until analysis. Samples 
should be taken in duplicate, when possible. 

7.5 Summa Canister Sampling 

I. Follow step 7.2.l to evacuate well volume. 
If PID/FID readings were taken prior to 
taking a sample, evacuation is not necessary. 

2. Attach a certified clean, evacuated 6-liter 
Summa canister via the 1/4" Teflon tubing. 

3. Open valve on Summa canister. The soil gas 
sample is drawn into the canister by pressure 
equilibration. The approximate sampling 
time for a 6 liter canister is 20 minutes. 

4. 

8.0 

8.1 

Site name, sample location, number, and date 
must be recorded on a chain of custody form 
and on a blank tag attached to the canister. 

CALCULATIONS 

Field Screening Instruments 

Instrument readings are usually read directly from the 
meter. In some cases, the background level at the soil 
gas station may be subtracted: 

Final Reading = Sample Reading - Background 

8.2 Photovac GC Analysis 

Calculations used to determine concentrations of 
individual components by Photovac GC analysis are 
beyond the scope of this SOP and are covered in ERT 
SOP #2109, Photovac GC Analysis for Soil Water 
and Air/Soil Gas. 

.. 
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9.0 CALIBRATION 

9.1 Field Instruments 

It is recommended that the manufacturers' manuals be 
consulted for correct use and calibration of all 
instrumentation. 

9.2 Gilian Model HFS113A Air 
Sampling Pumps 

Flow should be set at approximately 3.0 L/min; 
accurate flow adjustment is not necessary. Pumps 
should be calibrated prior to bringing into the field. 

10.0 QUALITY ASSURANCE/ 
QUALITY CONTROL 

10.1 Sample Probe Contamination 

Sample probe contamination is checked between each 
sample by drawing ambient air through the probe via 
a Gilian pump and checking the response of the 
FID/PID. If readings are higher than background, 
replacement or decontamination is necessary. 

Sample probes may be decontaminated simply by 
drawing ambient air through the probe until the HNu 
reading is at background. More persistent 
contamination can be washed out using methanol and 
water, then air drying. For persistent volatile 
contamination, use of a portable propane torch may be 
needed. Using a pair of pliers to hold the probe, run 
the torch up and down the length of the sample probe 
for approximately 1-2 minutes. Let the probe cool 
before handling. When using this method, make sure 
to wear gloves to prevent bums. Having more than 
one probe per sample team will reduce lag times 
between sample stations while probes are 
decontaminated. 

10.2 Sample Train Contamination 

The Teflon line forming the sample train from the 
probe to the Tedlar bag should be changed on a daily 
basis. If visible contamination (soil or water) is 
drawn into the sampling train, it should be changed 
immediately. When sampling in highly contaminated 
areas, the sampling train should be purged with 
ambient air, via a Gilian pump, for approximately 30 
seconds between each sample. After purging, the 
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sampling train can be checked using an FID or PID, or 
other field monitoring device, to establish the 
cleanliness of the Teflon line. 

10.3 FID/PID Calibration 

The FID and PIDs should be calibrated at least once 
a day using the appropriate calibration gases. 

10.4 Field Blanks 

Each cooler containing samples should also contain 
one Tedlar bag of ultra-zero grade air, acting as a field 
blank. The field blank should accompany the samples 
in the field (while being collected) and when they are 
delivered for analysis. A fresh blank must be 
provided to be placed in the empty cooler pending 
additional sample collection. One new field blank per 
cooler of samples is required. A chain of custody 
sheet must accompany each cooler of samples and 
should include the blank that is dedicated to that group 
of samples. 

10.5 Trip Standards 

Each cooler containing samples should contain a 
Tedlar bag of standard gas to calibrate the analytical 
instruments (Photovac GC, etc.). This trip standard 
will be used to determine any changes in 
concentrations of the target compounds during the 
course of the sampling day (e.g., migration through 
the sample bag, degradation, or adsorption). A fresh 
trip standard must be provided and placed in each 
cooler pending additional sample collection. A chain 
of custody sheet should accompany each cooler of 
samples and should include the trip standard that is 
dedicated to that group of samples. 

10.6 Tedlar Bag Check 

Prior to use, one bag should be removed from each lot 
(case of 100) ofTedlar bags to be used for sampling 
and checked for possible contamination as follows: 
the test bag should be filled with ultra-zero grade air; 
a sample should be drawn from the bag and analyzed 
via Photovac GC or whatever method is to be used for 
sample analysis. This procedure will ensure sample 
container cleanliness prior to the start of the sampling 
effort. 



10. 7 Summa Canister Check 

From each lot of four cleaned Summa canisters, one 
is to be removed for a GC/MS certification check. If 
the canister passes certification, then it is re-evacuated 
and all four canisters from that lot are available for 
sampling. 

If the chosen canister is contaminated, then the entire 
lot of four Summas must be recleaned, and a single 
canister is re-analyzed by GC/MS for certification. 

10.8 Options 

10.8.1 Duplicate Samples 

A minimum of 5% of all samples should be collected 
in duplicate (i.e., if a total of 100 samples are to be 
collected, five samples should be duplicated.) In 
choosing which samples to duplicate, the following 
criteria applies: if, after filling the first Tedlar bag, 
and, evacuating the well for 15 seconds, the second 
HN (or other field monitoring device being used) 
reading matches or is close to (within 50%) the first 
reading, a duplicate sample may be taken. 

10.8.2 Spikes 

A Tedlar bag spike and Tenax tube spike may be 
desirable in situations where high concentrations of 
contaminants other than the target compounds are 
found to exist Oandfills, etc.). The additional level of 
QA/QC attained by this practice can be useful in 
determining the effects of interferences caused by 
these non-target compounds. Summa canisters 
containing samples are not spiked. 

11.0 DATA VALIDATION 

11.1 Blanks (Field and Tedlar Bag 
Check) 

For each target compound, the level of concentration 
found in the sample must be greater than three times 
the level (for that compound) found in the field blank 
which accompanied that sample to be considered 
valid. The same criteria apply to target compounds 
detected in the Tedlar bag pre-sampling contamination 
check. 

8 

12.0 HEAL TH AND SAFETY 
CONSIDERATIONS 

Due to the remote nature of sampling soil gas, special 
considerations can be taken with regard to health and 
safety. Because the sample is being drawn from 
underground, and no contamination is introduced into 
the breathing zone, soil gas sampling usually occurs in 
Level D. Ambient air is constantly monitored using 
the HNu PIIOI to obtain background readings during 
the sampling procedure. As long as the levels in 
ambient air do not rise above background, no upgrade 
of the level of protection is needed. 

When conducting soil gas sampling, leather gloves 
should be worn, and proper slam bar techniques 
should be implemented (bend knees). Also, an 
underground utility search should be performed prior 
to sampling. (See Section 4.5). 

13.0 REFERENCES 

Gilian Instrument Corp., Instruction Manual for Hi 
Flow Sampler: HFS113, HFS 113 T, HFS 113U, 
HFS I 13 UT, 1983. 

HNu Systems, Inc., Instruction Manual for Model PI 
101 Photoionization Analyzer, 1975. 

N.J.D.E.P., Field Sampling Procedures Manual, 
Hazardous Waste Programs, February, 1988. 

Roy F. Weston, Inc., Weston Instrumentation Manual, 
Volume I, 1987. 

U.S.E.P.A., Characterization of Hazardous Waste 
Sites - A Methods Manual: Volume II, Available 
Sampling Methods, 2nd Edition, EPA-600/4-84-076, 
December, 1984. 
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FIGURE 1. Sampling Train Schematic 
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APPENDIXB 

HNu Field Protocol 

Field Procedure 

The following sections detail the procedures that are to be followed when using the HNu in the field. 

Startup Procedure 

a. 

b. 

c. 

d. 

Before attaching the probe, check the function switch on the control panel to ensure that it is in the 
off position. Attach the probe by plugging it into the interface on the top of the readout module. 
Use care in aligning the prongs in the probe cord with the plug in; don't force. 

Turn the function switch to the battery check position. The needle on the meter should read within 
or above the green battery are on the scale. If not, recharge the battery. If the red indicator light 
comes on, the battery needs recharging. 

Turn the function switch to any range setting. Look into the end of the probe for no more than two 
to three seconds to see if the lamp is on. Ifit is on, it will give a purple glow. Do not stare into the 
probe any longer than three seconds. Long term exposure to UV light can damage eyes. Also, 
listen for the hum of the fan motor. 

To ZERO the instrument, tum the function switch to the standby position and rotate the zero 
adjustment until the meter reads zero. A calibration gas is not needed since this is an electronic 
zero adjustment If the span adjustment setting is changed after the zero is set, the zero should be 
rechecked and adjusted, if necessary. Wait 15 to 20 seconds to ensure that the zero reading is 
stable. If necessary, readjust the zero. 

Operational Check 

a. 

b. 

Follow the startup procedure. 

With the instrument set on the 0-20 range, hold a solvent-based major market near the probe tip. 
If the meter deflects upscale, the instrument is working. 

Field Calibration Procedure 

a. 

b. 

c. 

d. 

Follow the startup procedure and the operational check. 

Set the function switch to the range setting for the concentration of the calibration gas. 

Attach a regulator (HNu 101-351) to a disposable cylinder of isobutylene gas (HNu 101-351). 
Connect the regulator to the probe of the HNu with a piece of clean Tygon tubing. Tum on the 
value on the regulator. 

After fifteen seconds, adjust the span dial until the meter reading equals the concentration of the 
calibration gas used. Be careful to unlock the span dial before adjusting it. If the span has to be 
set below 3.0, calibration internally or return to equipment maintenance for repair. 

IO 



-
-
-
..... 

-
-
--
'11111 

-.. 
-
-.. 
-
-
---
---
-
.... 

e. Record in the field logbook: the instrument ID no. (EPA decal or serial number if the instrument 
is a rental); the initial and final span settings; the date and time; concentration and type of 
calibration has used; and the name of the person who calibrated the instrument. 

Operation 

a. 

b. 

c. 

d. 

e. 

Follow the startup procedure, operational check, and calibration check. 

Set the function switch to the appropriate range. If the concentration of gases or vapors is unknown, 
set the function switch to the 0-20 ppm range. Adjust it if necessary. 

While taking care not to permit the HNu to be exposed to excessive moisture, dirt, or 
contamination, monitor the work activity as specified in the Site Health and Safety Plan. 

When the activity is completed or at the end of the day, carefully clean the outside of the HNu with 
a damp disposable towel to remove any visible dirt. Return the HNu to a secure area and place on 
charge. 

With the exception of the probe's inlet and exhaust, the HNu can be wrapped in clear plastic to 
prevent it form becoming contaminated and to prevent water from getting inside in the event of 
precipitation. 

11 
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SUMMA CANISTER SAMPLING 
SOP#: 1704 

DATE: 07/27/95 
REV.#: 0.1 

1.0 SCOPE AND APPLICATION 

The purpose of this standard operating procedure 
(SOP) is to describe a procedure for sampling of 
volatile organic compounds (VOCs) in ambient air. 
The method is based on samples collected as whole 
air samples in Summa passivated stainless steel 
canisters. The VOCs are subsequently separated by 
gas chromatography (GC) and measured by 
mass-selective detector or multidetector techniques. 
This method presents procedures for sampling into 
canisters at final pressures both above and below 
atmospheric pressure (respectively referred to as 
pressurized and subatmospheric pressure sampling). 

This method is applicable to specific voes that have 
been tested and determined to be stable when stored in 
pressurized and subatmospheric pressure canisters. 
The organic compounds that have been successfully 
collected in pressurized canisters by this method are 
listed in the Volatile Organic Compound Data Sheet 
(Appendix A). These compounds have been measured 
at the parts per billion by volume (ppbv) level. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent on site conditions, equipment 
limitations or limitations imposed by the procedure or 
other procedure limitations. In all instances, the 
ultimate procedures employed should be documented 
and associated with the final report. 

Mention of trade names or commercial products does 
not constitute U.S. EPA endorsement or 
recommendation for use. 

2.0 METHOD SUMMARY 

Both subatmospheric pressure and pressurized 
sampling modes use an initially evacuated canister . 
Both modes may also use a mass flow 
controller/vacuum pump arrangement to regulate flow. 
With the above configuration, a sample of ambient air 

is drawn through a sampling train comprised of 
components that regulate the rate and duration of 
sampling into a pre-evacuated Summa passivated 
canister. Alternatively, subatmospheric pressure 
sampling may be performed using a fixed orifice, 
capillary, or adjustable micrometering valve in lieu of 
the mass flow controller/vacuum pump arrangement 
for taking grab samples or short duration 
time-integrated samples. Usually, the alternative 
types of flow controllers are appropriate only in 
situations where screening samples are taken to assess 
for future sampling activities. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

After the air sample is collected, the canister valve is 
closed, an identification tag is attached to the canister, 
and the canister is transported to a laboratory for 
analysis. Upon receipt at the laboratory, the canister 
tag data is recorded. Sample holding times and 
expiration should be determined prior to initiating 
field activities. 

4.0 INTERFERENCES AND 
POTENTIAL PROBLEMS 

Contamination may occur in the sampling system if 
canisters are not properly cleaned before use. 
Additionally, all other sampling equipment (e.g., 
pump and flow controllers) should be thoroughly 
cleaned . 

5.0 EQUIPMENT/ APPARATUS 

The following equipment/apparatus (Figure 1, 
Appendix B) is required: 



5.1 Subatmospheric Pressure Sampling 
Equipment 

1. voe canister sampler - whole air sampler 
capable of filling an initially evacuated 
canister by action of the flow controlled 
pump from vacuum to near atmospheric 
pressure. (Andersen Samplers Inc., Model 
87-100 or equivalent). 

2. Sampling inlet line - stainless steel tubing to 
connect the sampler to the sample inlet. 

3. Sample canister - leak-free stainless steel 
pressure vessels of desired volume with 
valve and Summa passivated interior 
surfaces (Scientific Instrumentation 
Specialist, Inc., ID 83843, Andersen 
Samplers, Inc., or equivalent). 

4. Particulate matter filter - 2-µm sintered 
stainless steel in-line filter {Nupro Co., 
Model SS-2F-K4-2, or equivalent). 

5. Chromatographic grade stainless steel tubing 
and fittings - for interconnections (Alltech 
Associates, Cat. #8125, or equivalent). All 
materials in contact with sample, analyte, 
and support gases should be chromatographic 
grade stainless steel. 

6. Fixed orifice, capillary, or adjustable 
micrometering valve - used in lieu of the 
electronic flow controller/vacuum pump for 
grab samples or short duration 
time-integrated samples. 

5.2 

I. 

2. 

3. 

Pressurized Sampling Equipment 

voe canister sampler - whole air sampler 
capable of filling an initially evacuated 
canister by action of the flow controlled 
pump from vacuum to near atmospheric 
pressure. (Andersen Samplers Inc., Model 
87-100). 

Sampling inlet line - stainless steel tubing to 
connect the sampler to the sample inlet. 

Sample canister - leak-free stainless steel 
pressure vessels of desired volume with 
valve and Summa passivated interior 
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surfaces (Scientific Instrumentation 
Specialist, Inc., ID 83843, Andersen 
Samplers, Inc., or equivalent). 

4. Particulate matter filter - 2-µm sintered 
stainless steel in-line filter (Nupro Co., 
Model SS-2F-K4-2, or equivalent). 

5. Chromatographic grade stainless steel tubing 
and fittings - for interconnections (Alltech 
Associates, Cat. #8125, or equivalent). All 
materials in contact with sample, analyte, 
and support gases should be chromatographic 
grade stainless steel. 

6.0 REAGENTS 

This section is not applicable to this SOP. 

7.0 PROCEDURE 

7.1 Subatmospheric Pressure Sampling 

7.1.1 Sampling Using a Fixed Orifice, 
Capillary, or Adjustable 
Micrometering Valve 

l. Prior to sample collection, the appropriate 
information is completed on the Canister 
Sampling Field Data Sheet (Appendix C). 

2. A canister, which is evacuated to 0.05 mm 
Hg and fitted with a flow restricting device, 
is opened to the atmosphere containing the 
voes to be sampled. 

3. 

4. 

5. 

6. 

The pressure differential causes the sample 
to flow into the canister. 

This technique may be used to collect grab 
samples (duration of IO to 30 seconds} or 
time-integrated samples (duration of 12 to 24 
hours). The sampling duration depends on 
the degree to which the flow is restricted. 

A critical orifice flow restrictor will have a 
decrease in the flow rate as the pressure 
approaches atmospheric. 

Upon sample completion at the location, the 
appropriate information is recorded on the 
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Canister Sampling Field Data Sheet. 

7.1.2 Sampling Using a Mass Flow 
Controller/Vacuum Pump 
Arrangement (Andersen Sampler 
Model 87-100) 

1. Prior to sample collection the appropriate 
information is completed on the Canister 
Sampling Field Data Sheet (Appendix C). 

2. A canister, which is evacuated to 0.05 mm 
Hg and connected in line with the sampler, is 
opened to the atmosphere containing the 
voes to be sampled. 

3. A whole air sample is drawn into the system 
through a stainless steel inlet tube by a direct 
drive blower motor assembly. 

4. A small portion of this whole air sample is 
pulled from the inlet tube by a specially 
modified inert vacuum pump in conjunction 
with a mass flow controller. 

5. The initially evacuated canister is filled by 
action of the flow controlled pump to near 
atmospheric pressure. 

6. A digital time-program is used to pre-select 
sample duration and start and stop times. 

7. Upon sample completion at the location, the 
appropriate information is recorded on the 
Canister Sampling Field Data Sheet. 

7.2 Pressurized Sampling 

7.2.1 Sampling Using a Mass Flow 
Controller/Vacuum Pump 
Arrangement (Anderson Sampler 
Model 87-100) 

l. Prior to sample commencement at the 
location, the appropriate information is 
completed on the Canister Sampling Field 
Data Sheet. 

2. A canister, which is evacuated to 0.05 mm 
Hg and connected in line with the sampler, is 
opened to the atmosphere containing the 

3 

3. 

4. 

5. 

6 . 

7. 

8.0 

1. 

voes to be sampled. 

A whole air sample is drawn into the system 
through a stainless steel inlet tube by a direct 
drive blower motor assembly. 

A small portion of this whole air sample is 
pulled from the inlet tube by a specially 
modified inert vacuum pump in conjunction 
with a mass flow controller. 

The initially evacuated canister is filled by 
action of the flow controlled pump to a 
positive pressure not to exceed 25 psig. 

A digital time-programmer is used to 
pre-select sample duration and start and stop 
times. 

Upon sample completion at the location, the 
appropriate information is recorded on the 
Canister Sampling Field Data Sheet. 

CALCULATIONS 

A flow control device is chosen to maintain 
a constant flow into the canister over the 
desired sample period. This flow rate is 
determined so the canister is filled to about 
88.l kPa for subatmospheric pressure 
sampling or to about one atmosphere above 
ambient pressure for pressurized sampling 
over the desired sample period. The flow 
rate can be calculated by: 

where: 

F 
p 

v 

T 

F I 
(P)(Jl) 

(1)(60) 

flow rate (cm3/min) 
final canister pressure, 
atmospheres absolute 

volume of the canister 
(cm3

) 

sample period (hours) 

For example, if a 6-L canister is to be filled to 202 
kPa (two atmospheres) absolute pressure in 24 hours, 
the flow rate can be calculated by: 



F ' (2)(6000) ' 8.3cm 3/min 
(24)(60) 

2. If the canister pressure is increased, a 
dilution factor (DF) is calculated and 
recorded on the sampling data sheet. 

where: 

Xa 

Ya 

DF ' Ya 
Xa 

canister pressure 
psia) absolute 
dilution. 
canister pressure 
psia) absolute 
dilution. 

(kPa, 
before 

(kPa, 
after 

After sample analysis, detected VOC concentrations 
are multiplied by the dilution factor to determine 
concentration in the sampled air. 

9.0 QUALITY ASSURANCE/ 
QUALITY CONTROL 

The following general quality assurance procedures 
apply: 

I. All data must be documented on standard 
chain of custody records, field data sheets, or 
site logbooks. 

2. All instrumentation must be operated in 
accordance with operating instructions as 
supplied by the manufacturer, unless 
otherwise specified in the work plan. 
Equipment checkout and calibration 
activities must occur prior to 
sampling/operation, and they must be 
documented. 

10.0 DATA VALIDATION 

This section is not applicable to this SOP. 

4 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA, and corporate health and 
safety practices. Specifically, pressurizing of Summa 
canisters should be performed in a well ventilated 
room, or preferably under a fume hood. Care must be 
taken not to exceed 40 psi in the canisters. Canisters 
are under pressure, albeit only 20-30 psi, and should 
not be dented or punctured. They should be stored in 
a cool dry place and always be placed in their plastic 
shipping boxes during transport and storage. 
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APPENDIX A 

Volatile Organic Compound Data Sheet 

TNIL£ 1. VOLATILE OOGNllC CDMPOUND DATA SHEET 

COl1f'OUHD f SYNDNYNl 
l'IUl.EWLAK P~~~

1

1'!c1 FORMULA WEIGHT 

Freon 12 (Dlchlorodi fluormoethane) Cl2CF2 120.91 -29.8 
Hetll)'l chloride (Chlorooethane) Ot3Cl 50,49 -24.2 
Freon 114 (1,2-Dlchloro-1,1,2,2- ClCF2CClFz 170.93 4.1 

tetr af 1 uoroethane I 
Vinyl chloride 'Chloroetl\Ylene) CH2-cHCl 62.50 -13.4 
Hetliyl brOllllde er-thane) Ot3Br 94.94 3,6 
Ethyl chloride (Chloroethane) CH3CH2Cl 64.52 12.3 
Freon II (Trichlorofluoraeth1ne) CCl3F 137.36 23.7 
Ylnylldene chloride (1,1-0lcMoroethene) c2112c12 96.95 31.7 
Dlchlor0111ethane (Metllylene chloride) CNzClz 84.94 39.8 
Freon 113 U,1,2-Trlchloro-1,2,2- CF2ClCCl2F 187.36 41.1 

trlfluoroethalM!) 
l,l·Dlehloroetha11e (Etllylldene chloride) ~f~1 98.96 57.3 
cl s-1,2-Dlch loroetlly le11e 96.94 60.3 
Chlorofora (Trlclllor-th1ne) C11Cl3 119,36 61,7 

I l.2·0lchloroetuM (£tlwlene dichloride) ClCHzCHzCl 98.96 83.5 
j Methyl chlorofora ( 1,1,1-Trlchloroethane) Clf3CCl3 133.41 74.1 
, Benzene (Cycloheutrlene) C6ffti 78.12 80.1 
I C1rllon tetr1ehlorlde (retr1ehlol't1llethane) CCl4 153.82 76.5 
! l ,Z-Dtch lar:ra, .. e (Propylene CH3CHCl012Cl 112.99 96.4 

dichloride 
, Trlchloroetl!ylene (Trlchloraethene) C1CH-CC12 131.29 87 
I cl s-t,3-0khlorap:rne (cls-1,3- Clt3CCl•CHCl 110.97 76 

dlchlor...........,lene 

troflS·l,3-Dlchloraprape"' (cis-1,3-
Ulch loropropylene) 

ClC112CH•CHC I 110.97 112.0 

1,1,2-Trichloroethane (Yinyl trichlorlde) CHzCICHClz 133.41 113,8 
Toluene (Methyl benzene) C6H5Clf3 92.15 110.6 
l ,2·01br01110eth1ne (Etl!ylene dlbr..,lde) BrCHzCHiBr 187.88 131.3 
Tetrach loroethy lue (Perchloroethy lene) ClzC•CC z 165.83 121.1 
Chlorobenzelie (Phenyl dllorldel CfiffsCl 112.56 132.0 
Ethyl benzene 

1~~~~~2C61f4 106,17 136.2 
11-Xylene ll,l·Olnethylbenzene) 106.17 139.1 
p-Xylene l ,4-0i11ethylxylene) 1,4-(C113)zC6ff4 106,17 138.3 
styrene (Vinyl. benzene) Cfi~CH•CH2 104.16 145.2 
1,1,2 ,2-Tetrachloroethane CHC 2Dlct 2 167.85 146.2 
o-Xylene (l ,2-ol .. th1lbenzene) 1,2-(C113)zC6ff4 106.17 144.4 
1,3,5-Trl .. ttirlbenzene l"es ltylene) l ,3,5-(CH3IJC6"6 120.20 164.7 
1,Z,4-lrl .. th1lbenzeAe Pseudoc-ne) 1,2,4-(013IJCfi"6 120.20 169.3 
•Dlchlorobenzene (1,3-0lchlorobeniene) l,3-Cl2Cc;"4 141.0l 113.0 
Benzyl chloride (.-Chlorotoluene) CfilfsCH2CI 126.59 179.J 
o-Dlchlorobenzeoe ·p,2-oichlarobeniene) l,2·C12Cfilf4 147 .01 IBQ.5 
p-Dlchlorobenzene 1,4-Dfchlorobenzene) 1,4-ClzCfi"4 147.0I 174.0 
1,2 ,4-Trlchlorobenzene 1,2 ,4-C I 3Cfill3 181.45 213.5 
Heochlorobutadlene (1,1,2,3,4,4-

Rexach loro-1,3-butadtene) 

6 

ll:L Tiii; 
POINT f 'Cl 

-158.0 
-97 .1 
-94.0 

-1538,0 
-93.6 

-136.4 
-111.0 
-122.5 

-95.,l 
-36.4 

-97.0 
-80,5 
-63.5 
-35.3 
-30.4 

5,5 
-23.0 

-100.4 

-73.0 

-36.5 
-%.0 

9.8 
-19.0 
-45.6 
-'15.0 
-41.9 
11•3 

.30;6 
-36.0 
-25.2 
-44.7 
-U.8 
-24.7 
-39.0 
-17.0 
53.l 
17.0 

CAS 
NUMBER 

74-87-3 

·15-01-4 
14-83-9 
75-00-3 

15-35-4 
75-09-2 

14.34.3 

67"66-3 
107-06-2 
11-55-6 
11-43-2 
56-23-5 
78-87-5 

79-01-6. 

79-00-5 
108-88-3 
106-93-4 
127-18-4 
108-90-7 
100-41-4 

100-42-5 
79-34-5 

108-67-8 
95-63-• 

541-73-1 
100-44-1 
95-50-1 

106-46-7 
120-82-1 

I 
! 

I 

.. 

.. .. 

.. 

.. 
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APPENDIXB 

FIGURE 1. Subatmospheric/Pressurized Sampling Equipment 
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Canister Sampling Field Data Sheet 
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SUMMA AIR SAMPLING WORK SHEET 

Site:-----------­
Samplers:-----­
Date:------------

Site#:----------
Work Assignment Manager: _________ _ 

Project Leader: _________ _ 

Sample# 

Location 

SUMMA ID 

Orifice Used 

Analysis/Method 

Time (Start) 

Time (Stop) 

Total Time 

SUMMA WENT TO YES/NO YES/NO YES/NO YES/NO YES/NO 
AMBIENT 

Pressure Gauge 

Pressure Gauge 

Flow Rate (Pre) 

Flow Rate (Post) 

Flow Rate (Average) 

MET Station On-site? Y I N 

General Comments: 
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