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EXECUTIVE SUMMARY

In June 1988 Berkeley Land Company removed an underground fuel tank located on
their property at 23555 Saklan Road, Hayward, California. Berkeley Farms and the previous
owner had stored gasoline in the tank. Berkeley Land Co. has records from the their fuel
supplier which indicate that the only fuel purchased for the site was gasoline. Apparently
the previous owner has indicated to Berkeley Land Co. and their attorney Mr. Ronald Hufft
that the tank was not used for several years before the sale of the property and was then
only used for gasoline storage.

The Alameda County Department of Environmental Health wrote Berkeley Land Co.
on QOctober 13, 1989 requesting that a preliminary assessment be conducted on the site. The
purpose of the assessment is to determine the need for additional actions. The letter also
indicated that soil samples collected from the bottom of the pit at the time the tank was
removed had total hydrocarbon concentrations of 2,076 ppm and 24,144 ppm. Two
composite soil samples collected by Kaprealian Engineering, Inc. on November 7, 1988 from
approximately 130 cubic yards of stockpiled soil at the site had Total Petroleum
Hydrocarbon concentrations as gasoline as 57 ppm and Total Petroleum Hydrocarbon
concentrations as diesel as 140 ppm. There was no benzene, toluene, ethyl benzene or
xylenes detected in the samples.

Berkeley Land Co. indicated that there was two feet of diesel floating in the well
which was verified by CEC during the initial assessment on February 27, and March 1, 1990.
Samples of product collected by Berkeley Land Co. in the well indicated that the oil is
Diesel No. 2. Figure | and Table 1 summarize the results of the survey performed by CEC.
Sampling consisted of collecting 3 ground water samples, 3 soil samples. Eight soil vapor
probe samples were collected at depths of 5 to 15 feet at different locations on the site,
including property leased by Quality Tow.

Although this initial survey is inconclusive, the vapor probe study tends to support
Berkeley Land Co.’s position that the diesel contamination is from off site. Additional data
is necessary to determine the sources of the diesel, including a need for samples on Saklan
Road between Berkeley Land Co. and Trident Trucking. The evaluations performed by
CEC to date appear to implicate Trident Trucking, Inc. as the diesel source.

Many of the homeowner’s properties along Saklan Road appear to have their own
drinking water pumps. Since the well water on the Berkeley Land Company site has at least
2.2 feet of diesel floating on it CEC has recommended that the Office of Emergency



Services (OES) be notified. Part of the Preliminary Assessment for the County will include
coordination between CEC and the regulators to collect water samples on the neighboring
properties.

The recommendations in this report are consistent with those required by the
Regional Water Quality Control Board, and Alameda County in their November letter to
Berkeley Land Co.
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SURVEY SUMMARY
AND
TEST RESULTS

TABLE 1
Groundwater Gradient: Slightly North West, based on existing wells

Depth to Groundwater: Monitoring Well (Pt.A)-13.99
Monitoring Well (Pt.B)-13.68’
Water Well (Pt.C)-17.2°
Hand Auguered Well (Pt.D)-15.57

Survey Corrected Relative

Depth to Groundwater: Monitoring Well (Pt.A)-18.66°
Monitoring Well (Pt.B)-20.78
Water Well (Pt.C)-18.84’
Hand Auguered Well (Pt.D)-19.17

WATER SAMPLE ANALYSIS FOR TOTAL PETROLEUM HYDROCARBONS

Ethyl
Sample # Location Gasoline Diesel Benzene Toluene Benzene Xylene
BC-0301-W1 Monitoring Well (Pt.A) ND 110 ppm ND ND 4.4 15
BC-0301-W2 Hand Auguered Well ND S ppm 0.4 14 ND 0.6
BC-0301-W3 Product Sample ND 100 % Diesel
from water well
SOIL SAMPLES ANALYSIS FOR TOTAL PETROLEUM HYDROCARBONS,
BENXENE, TOLUENE, ETHYL BENZENE AND XYLENES
Ethyl

Sample # Location _ Gasoline Diesel Benzene Toluene Benxene Xylene
BC-0227-120 Tank ND 40 ppm ND 15 ppm 6 ppm 13 ppm
BC-0227-B163 Quality Tow ND 40 ppm ND ND ND ND
BC-0227-B186 Quality Tow ND 550 ppm ND ND 4 ppm 10 ppm

NOTE: ND indicates below the analytical level of detection



INTRODUCTION/BACKGROUND

In June 1988 Berkeley Land Company removed an underground fuel tank located on
their property at 23555 Saklan Road, Hayward, California. Berkeley Farms and the previous
owner had stored gasoline in the tank. Berkeley Land Co. has records from the their fuel
supplier which indicate that the only product purchased for storage in the tank was gasoline.
The previous owner has indicated to Berkeley Land Co. and their attorney Mr. Ronald
Hufft that the tank was not used for several years before the sale of the property and then
was only used for gasoline storage.

The Alameda County Department of Environmental Health wrote Berkeley Land Co.
on October 13, 1989 requesting that a preliminary assessment be conducted on the site. The
purpose of the assessment was to determine the need for additional actions. The letter also
indicated that soil samples collected from the bottom of the pit at the time the tank was
removed in June 1988, had total hydrocarbon concentrations of 2,076 ppm and 24,144 ppm.
(See Appendix A.)

Two composite soil samples collected by Kaprealian Engineering, Inc. on November
7, 1988 from approximately 130 cubic yards of stockpiled soil at the site had Total
Petroleurn Hydrocarbon concentrations as gasoline at 57 ppm and Total Petroleum
Hydrocarbon concentrations as diesel at 140 ppm. There was no benzene, toluene, ethyl
benzene or xylenes detected in the samples. (See Appendix D.)

Berkeley Land Co. indicated that there was two feet of diesel floating in the well
which was verified by CEC during the initial assessment on February 27, and March 1. 1990.
Samples of product collected by Berkeley Land Co. in the well indicated that it is Diesel No.
2. Figure 1 and Table 1 summarize the results of the assessment performed by CEC which
consisted of collecting 3 ground water samples, and 3 soil samples. Ten soil vapor probes
were performed at depths of 5 to 15 feet, at various locations on the site including property

leased by Quality Tow.

The results of this preliminary survey are inconclusive. The vapor probe survey tends
to support Berkeley Land Co.’s position that the diesel contamination is from off site.
Vapor probe readings are a relative sampling of the actual concentrations of hydrocarbons
in the soil. They can be effected by a number of variables which include the physical state
of the contaminated soil, and depth of the probe especially through clay. Clay tends to clog
the probe and is less porous, reducing the volume of vapors that can be drawn through to
the organic vapor meter. The highest concentrations of organic vapors found in the soil
were along the southern boarder of the property parallel to Middle Lane and down Saklan
Road which is up gradient and in line with Trident Trucking Inc. An attempt was made to
perform a vapor probe survey on Saklan Road, south towards Trident Trucking. Two bore
samples on Saklan Road are recommended to evaluate the potential contaminants along this

street.



Regional Water Quality Control Board and Hayward Fire Department records
generally show that the ground water gradient flows in a west to slightly north westerly
direction. However, there were at least two files of over 20 reviewed which estimated that
the ground water flowed southwest, at approximately a 90 degree angle from the north west
direction determined by CEC.

This report includes the proposal for the "Preliminary Assessment" requested by the
county which will require coordination with the Regional Water Quality Control Board.
Appendix B is a copy of the letter from Alameda County requesting the development and
execution of a "Preliminary Assessment" at Berkeley Land Co.s Hayward site.

Many of the homeowner’s properties along Saklan Road appear to have their own
drinking water wells. Since the well water on the Berkeley Land Company site has at least
2.2 feet of diesel floating on it is recommended that the Office of Emergency Services
(OES) be notified. Part of the Preliminary Assessment for the County will include the
coordination between CEC and the regulators to collect water samples on the neighboring
properties.



SAMPLING AND SURVEY METHODOLOGY:

To estimate the ground water gradient CEC surveyed the property, determined the
depth to ground water at the water well and two monitoring wells on the site, and the
distances between them. A fourth hand augured well was bored north of the water well
because there was significant fluctuation in the ground water depth in one monitoring well
and information on how the monitoring wells were put in was not readily available, After
the water level in the hand augured well appeared to stabilize, the depth to ground water
was measured. It appears from the data collected that ground water is at and average depth
of 13 to 14 feet and flows west to slightly north west with a gradient of 0.011 feet/foot.

Before conducting a Vapor Probe study on the site USA was called to determine
where there might be underground utilities buried. USA is unit of PG&E who check with
utilities companies, the city, etc. to determine where the water, sewer, electrical,
communications, and gas lines lie on or adjacent to the site. Part of their assessment
includes marking the ground with up to five different colored lines to identify approximately
where utilities are located (See Appendix A).

Eight to ten locations were initially identified which could be expected to give a
reasonable characterization of any subsurface contamination. The goals of the survey
include estimating the size, concentration and boundaries of the plume. Vapor probe
samples were measured using an Organic Vapor. Meter at depths ranging from 5 feet to 15
feet below grade. Because of the difficult sample collection caused by clay clogging the
probe during installation, all sample locations were resampled after the probe was driven
to maximum test depth, removed, cleaned and reinserted. Figure 1 and Table 1 provide a
summary of the results of this sampling.

In addition to the vapor sampling three soil samples were collected at the locations
identified in Figure 1. TPH(D) concentrations near the former tank ranged from 40 ppm
at a 12 foot depth, to 550 ppm at a 15 foot depth fifty feet north of the tank location. This
data appears to contradict the results of the vapor probe survey. However, the tank location
had been previously backfilled with clean soil. CEC was also unable to sample below 12
feet because of a concrete slab at that depth which precluded going deeper with a hand

auger.

Soil samples were collected by driving 4" long by 2" in diameter brass tubes into soil
using a hand auger. After removing the sample from the auger it’s ends were wrapped in
aluminum foil, sample labels applied, plastic caps put on and taped in place. A sample data
sheet was completed, as well as a Chain of Custody form which accompanied the samples
to the laboratory. All samples were immediately chilled and kept chilled until they were
analyzed.



Two water samples were collected with a Total Petroleum Hydrocarbon (Diesel)
concentration ranging from 5 ppm to 110 ppm. The water samples were collected from
the monitoring well located on the southwest corner of the site, and the hand augured well
located on the Tow yard lease property. These two samples were collected in glass VOA
bottles and sealed with a teflon lined cap. The samples were collected using the protocol
outlined in this document. The filled VOA bottles were labeled, immediately chiiled, and
were accompanied by a Chain of Custody form to the laboratory.

Appendix B is a list of the regulatory agency files CEC requested to review. There
were over twenty sites with a regulatory record within a one mile radius of Berkeley Land
Co.’s. The results of the file review are summarized in Table 2 and Figure 2  which
provides maximum hydrocarbon concentrations in the soil and/or water prior to any
remediation actions initiated by the property owner.
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INDEX
CONTAMINATED PROPERTIES
1/4 - 3/4 MILE RADIUS OF SITE (FIGURE 2)

Qakland Fence Co.

Air National Guard
Ferret Properties

Sears

Chevron

Continental

Oliver DeSilva
Alhambra

Tosconna

10. Homes with privite water wells
11, Berkeley Land Company
12, Trident Truckline

13.  Clarks Building Supply

R R R Ll ol ol

14, PCI
15. PG &E
16. Herrick

17.  Yellow Freight
18.  Equity Property
19.  Alameda County Turner Court
20.  Chabot College
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Oakland Fence Co.
Air National Guard
Farret Properties
Sears

Chevron

Continental
Qliver DeSilva

Alhambra

Tosconna

Homes with privite
water wells

Berkeley Farms

Trident Truckline

Clarks Building
Supply

PCI

PG & E

Herrick

Yellow Freight

Equity Property

Alameda County
Turner Court

Chabot College

Walker Concrete

Super Sturctures
Wendland Trucking

FUEL RELEASE SUMMARY

1/2 TO 3/4 MILE RADIUS FROM
BERKELEY LAND COMPANY SITE

Address

1580 Winton Ave
1525 Winton Ave
944 Winton Ave
660 Winton Ave
1490 Winton Ave

22493 Clawiter
22991 Clawiter

22900 Clawiter
2227 National

23040 Clawiter
23520 Clawiter
24300 Clawiter
25450 Clawiter
25555 Clawiter
24668 Hesperian

951 Turner Court

25555 Hesperian Blvd

1844 Winton Avenue

24200 Clawiter
220 Laguna

TABLE 2

Maximum
Soil Concentration

File not available (3/5/90)

130 ppm
20,000 ppm TPA
21,000 ppm TPA

24,000 ppm diesel
18,000 ppm
2,900 ppm gas
520 ppm
30 ppm

3,500 ppm (gas)
17,900 ppm (gas)
18,000 ppm
32,000 ppm
21,000 ppm

1,800 ppm

File not available (3/5/90)

File not available (3/5/90)

Soil aeration on site

10

Maximum Conc.

8.3 ppb

83 ppm
(1.3 of product or
the Water)
Produced in well

250 ppm
110 ppm
45 ppm
180 ppb

198 ppm



REGULATORY FILE REVIEW:

Initially nine properties were identified within a few block radius of the site which
had a potential for leaking underground tanks. The Regional Water Quality Control
Board’s (RWQCB) Fuel List was also consulted to identify fuel leaks within 1 mile of the
property. EPA maintains a list of potential National Priority List candidates. This list is
commonly referred to as the CERCLIS and currently has over 25,000 sites on it.

Five properties were identified on the CERCLIS that lie within 2 1/2 mile radius of
the site. Two of these properties were also on the RWQCBs list or the states Hazardous
Waste Site Lists (6/89). There were 22 locations within a 1/2 to 1 mile radius of the
Berkeley Land Co. site. CEC requested to review approximately 38 regulatory files at the
Regional Water Quality Control Board, and nine each at the County Department of
Environmental Health, and the Hayward Fire Department. Copies of the file lists are
attached in Appendix C.

The following lists were used to identify sites with known environmental problems:

- California Office of Planning & Research,
Hazardous Material Site list (6/89)
(22 sites within a 1/2 t0 3/4 mile radius)

- The Regional Water Quality Control Board,
Oakland, Calif. (31 case files)

- CERCLIS (National Priority List, Approximately 5
cases

- Department of Environmental Health, Oakland and the
city of Hayward Fire Department. (9 files each).

Figure 2, identifies the majority of the sites around Berkeley Land Co. with known
soil and ground water contamination. The following summarizes the findings of the file
reviews conducted at the Regional Water Quality Control Board and the Hayward Fire
Department.

Sears Automotive Center, is located at 660 W. Winton Avenue in Hayward. Twelve
monitoring wells were installed in 1985 and 1986. Floating fuel was found in the wells with
a maximum thickness of 1.34 feet. There was less than 2,000 gallons of fuel estimated to
have been lost from an old pipe leak. Total petroleum hydrocarbons found in the soil
ranged from 0.18 to 150 parts per million (ppm). Ground water samples had up to 83 ppm
TPH as gasoline and 1 ppm TPH as diesel.

11



Chabot College, 25555 Hesperian Boulevard, was found to have total petroleum
hydrocarbon (TPH) concentrations of 198 ppm in the ground near the two underground
tanks.

California Air National Guard, 1525 W. Winton Ave. A 5,000 gallon gasoline tank
was found to have a leak during a stick test. In addition there is a 6,000 gallon diesel
underground tank and two above ground fuel tanks, trailers or tanks ranging from 300 to
1,200 gallons. Approximately 50 gallons of fuel was estimated to have been lost. The
property is owned by the city and leased by the U. S. Airforce.

Alhambra Water, 2290 Clawiter Road has a 12,000 gallon gasoline tank. The tank
is double walled and has a leak alert system. Soil samples during removal of the old tank
had 520 ppm TPH on the east end of the tank.

Beacon Ultramart (former Exxon Service Station), 26115 Hesperian Boulevard has
both ground water and soil contamination from a release of waste oil. The ground water
samples contained TPH concentrations of 1 ppm grease and 130 ppb oil.

Ferver Property, 944 W. Winton Avenue had some soil contamination beneath
underground storage tanks. There is a 10,000 gallon gasoline tank on the property. Soil was
found to have 130 ppm TPH with 210 ppb in the water.

PG &E, 24300 Clawiter had soil contamination to a depth of approximately 12 feet
covering an 8" X 10’ area in one location and excavation of 60° X 120’ X 130’ or about 3,500
cubic yards excavated and 1,500 cubic yards treated on site with aeration. There was
approximately 2,000 gallon of mineral oil lost. Soil concentrations of TPH ranged from
3,500 to 18,000 ppm TPH and 190 ppm benzene underneath the tank. Ground water
contamination of 250 ppm TPH dissolved gasoline extended approximately 200 feet down
gradient from the tank storage area. On December 5, 1986 when 5 underground storage
tanks were removed, there was 22 ppm TPH and 2 ppm benzene with 0.23° of floating fuel
in the ground water. Soil with concentrations of fuel greater 1,000 ppm was hauled to a
Class I site, -

Oliver de Siiva, 22991 Clawiter had soil excavated to a depth of 17 feet along the
fuel trench line. Soil was not removed from the west and south walls because of existing
heavy use driveways. The property has a 12,000 gallon diesel, 12,000 gallon gasoline, and
4,000 gallon oil tanks on it. The ground water gradient was determined to be slightly north
of west, There was approximately 0.3 feet of fuel found in the monitoring wells. TPH levels
as gasoline in the soil was found to be as high as 2,900 ppm, as diesel 5,000 ppm. Benzene
concentrations were 120 ppb. The Hayward fire department’s notes indicated that the
extent of contamination in the immediate area only was defined. Monitoring wells were
installed in early 1986. The tanks and piping were removed on May 25 and June 27, 1988.

12



Trident Truck Line, Inc., 23725 Saklan Road has a 10,000 & 5,000 gallon carbon
steel tanks apparently with no leak detection system.

Casade Chevron, 1490 W. Winton has two 10,000 gallon gasoline tanks, a 5,000 gallon
gasoline tank, and one 500 gallon waste oil tank which was removed last March. Ground
water monitoring showed no detectable concentrations of benzene, 130 ppb
tetrachloroethane, and soil samples contained 740 ppm TPH.

Yellow Freight, 25555 Clawiter Road had a 1,000 gallon fresh oil tank replaced and
a 550 gallon waste oil tank removed on October 5, 1987. Two holes were discovered in the
bottom, north end of the fresh oil tank. Ground water samples had 45 ppm TPH. Two
monitoring wells were installed on June 6, 1986. The company has four 10,000 gallon diesel,
and 10,000 gallon gasoline tanks on site.

Clarks Building Material, 23040 Clawiter Road had a 500 gallon waste oil tank, 3,000
gallon gasoline tank, and a 1,000 gallon diesel tank on it. There was 24,000 ppm TPH as
diesel and 3,500 ppm TPH as gasoline in the soil.

Equity Properties, 24668 Hesperian lies approximately 3/4 of a mile southeast
directly upgradient from the Berkeley Land Co. site on Hesperian Blvd. and La Playa Drive.
There is a 5,000 gallon gasoline tank, 7,500 gallon gasoline tank, and 280 gallon waste oil
tank on the property. Samples collected on March 2, 1989 had 1,800 ppm TPH in the soil
and 180 ppb in the water.

Drewry Photo Color, 27105 Industrial Way had a 1,200 gallon gasoline tank on it.

Toscanna Bakery, 2227 National Ave has a 10,000 gallon gasoline tank on it. TPH
contamination in the soil was approximately 30 ppm and with 3.4 ppb benzene.

Hayward Corporate Yard, 3050 W. Winton Ave. had 8,000 gallon tank on it. There
was approximately 14 ppm TPH in the soil and 3.8 ppm TPH in the water.

Foodmaker Inc., 2395 American Ave. had 5.5 ppm TPH in the water and 9 ppm TPH
in the soil.

EKC Technology, 1739 Sabre Ave had 18 ppm TPH in the soil and 1.8 ppb TPH in
the ground water. Alameda County, Turner Court has had leaking fuel tanks and is
undergoing remediation.

13



HYDROGEOLOGY:

The site is located in the San Francisco plain, a northwest-southeast trending
structurally downward, bordered on the east by the Hayward fault and the Diablo Range,
and bordered on the west by San Francisco Bay. Berkeley Land Co. is approximately 30
feet above sea level and 4.5 miles from the bay. The area is underlain by late Quaternary
alluvial deposits that are generally comprised of clays, silts, sands and gravels. The alluvial
deposits are laterally continuous, poorly permeable, and generally prevent significant
quantities of surface water and precipitation from percolating into deeper water bearing
strata. In this area, these alluvial deposits are generally underlain by fine sands, silts and
gravels of the Santa Clara Formation. Regional ground-water flow is generally southwest
toward the bay. The area is principally drained by two streams, San Lorenzo Creek which
is approximately 4 miles north of the site and Alameda Creek, both of which discharge
directly into San Francisco Bay.

The area is underlain by unconsolidated alluvial fan deposits of Pliocene-Pleistocene
age. It is located on a discrete alluvial fan deposit known as the San Lorenzo Cone (AFCD,
1984). The deposits were laid dowr by the ancestral San Lorenzo Creek as it emerged from
the foothills of the Diablo Range. Westward sloping sand and gravel beds were deposited
by the braided creek, and during times of flood, finer grain layers of silt and clay were
deposited. The total thickness of the unconsolidated deposits reportedly is in excess of 1,000
feet.

The Alameda County Bay Plain Ground-Water Study indicated that the depth of
water supplies range from 32 to 581 feet and the depth to ground-water ranges from 16 to
90 feet. The city’s water is currently derived from water imported from Hetch Hetchy
Reservoir in the Sierra Nevada. Ground-water has not been actively used by the city for
drinking water for approximately 30 years.

Aquifers in the San Lorenzo Cone are comprised of well sorted, permeable gravel
and sand beds deposited by the San Lorenzo Creek. The aquifers are generally confined
by the inter-bedded, finer grain silt and clay deposits. The deposits in the San Lorenzo
Cone can be divided into five distinct zones: 1) shallow relatively permeable deposits within
500 feet of the land surface; 2) aquifers between depths of about 50 to 100 feet, known
collectively as the Newark Aquifer; 3) aquifers between depths of about 130 and 220 feet,
known collectively as the Centerville Aquifer; 4) aquifers between depths of 250 and 400
feet, known collectively as the Fremont Aquifer; and 5) aquifers deeper than 400 feet.

The shallow relatively permeable zone within the San Lorenzo Cone generally is
comprised of silty sand, is of limited areal extent and often occurs under unconfined,
perched conditions (ACFCD, 1984). Recharge to the shallow zone occurs by infiltration of
direct precipitation, irrigational streamflow. Ground-water in the shallow relatively
permeable zone generally flows towards San Francisco Bay.

14



The Newark aquifer is semi-confined by a 25 to 60 foot thick clay layer and generally
consists of interfingering sand and gravel lenses separated by clay layers approximately S to
10 feet thick. Infiltrations of streamflow at the apex of the San Lorenzo Cone and leakage
through the upper clay confining layer allow recharge of this aquifer. Ground water in the
Newark Aquifer generally flows towards San Francisco Bay (ACFCD, 1984).

The Centerville and Fremont Aquifers are both confined by thick clay layers that
extend westward beneath San Francisco Bay. These Aquifers consist of discrete sand and
gravel lenses ranging from 5 to 60 feet in thickness. Recharge to these aquifers likely occurs
by lateral ground water flow and leakage. The direction of ground water flow in both
aquifers has not been documented (ACFCD, 1984).

The deeper aquifers are generally comprised of sand, gravel and cobbles deposited
by Alameda Creek to the south. They are believed to be recharged by subsurface inflow
from the south and leakage from the Fremont Aquifer. The direction of ground water flow
in the deeper aquifers has not been documented (ACFCD, 1984).

The initial hand augured borings at the site showed evidence of gravelly sand and fill
material to about a 3-4 foot depth followed by a few feet of black and brown clay, and then
a layer of firm silts, sands and brown clays to a depth of about 12 to 13 feet, followed by
another layer of brown clays.

15



AERIAL PHOTOGRAPH REVIEW:

Aerial photographs were reviewed at Pacific Aerial Survey in Oakland.
Photographs were reviewed from 1947 to 1981. The site is located south of the Hayward
airport in what appears to be the most industrialized area south of the airport in photos
dating back to 1947, The 1953 photographs appeared to have a small orchard on it. The
site is industrialized with residential developments boarding on the east. Through 1981 the
Berkeley Land Company’s property was a single lot and not subdivided as it currently is
between Quality Tow and Berkeley Farms.

Trident trucking was not evident until 1975, older photos prior to that time show that
the lot was vacant or had trees on. The aerial photographs revealed a large lot in back of
several houses along Saklan Road across from Trident Trucking. The access to this lot was
a narrow gravel driveway between two houses, which from the street tended to disguise the
fact that there was a truck lot behind the houses. On March 14, 1990 the site was revisited
and was found to be an extension of Tridents facilities with a fuel island located in the
middle of the lot. It should be noted that this fuel island is directly upgradient approximately
500 to 600 feet from Berkeley Land Company and "appears" to be the source of diesel
contamination,
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DISCUSSION OF RESULTS/CONCLUSIONS:

The soil/water and vapor probe samples appear to contradict each other with regards
to the level of contamination and areas of highest concentration on the property. Berkeley
Land Companies records were inadequate with regards to how the two monitoring wells
were placed. Apparently the contractor was released before the job was completed. It
appears that if additional soil samples were collected and at the same depth as the vapor
probe samples they would support the vapor probe survey. Which tends to show that the
contamination is coming from off site especially since Berkeley Land Company or Berkeley
Farms does not have any records of diesel purchases for this site.

Of primary concern is the fact that there is 2.17 feet of diesel floating in site’s water
well which tends to indicate that there is contamination of a deeper aquifer. The
contamination has been found to be 100% diesel No. 2. However, soil samples collected
by previous consultants and CEC had small amounts of more volatile compounds in them,
including some benzene which would be expected in gasoline. The soil and water samples
collected in the next phase of this assessment will need to be tested for benzene, ethyl
benzene, toluene, and xylenes,

The ground water gradient was estimated to be northwest. Although ground water
flows only in one direction, the gradients may be influenced by non-horizontal direction,
especially in ground water recharge or discharge areas. Ground water may also flow in
different directions beneath a site due to seasonal recharge, discharge from wells etc.

Ground water gradient can be determined by three monitoring wells, however, four
wells allow the separate determinations of the gradient. If each of the four determinations
of ground water gradient is the same then the flow direction has been determined. The
frequency of ground water monitoring will be determined by the Regional Board which is
made after evaluating the site assessment report and remediation plan.

There are over twenty sites within a 3/4 mile radius of this site that have had leaking
fuel tanks, some with significant contamination. However, because of the distance and
direction they don’t appear to be the most likely cause of the contamination on Berkeley
Farms Lot. The source of the contamination appears to be southeast of Berkeley Land Co.
and possibly Trident Trucking Inc. This conclusion was drawn because of the increasing soil
contamination measured as the vapor probes were inserted closer to the fuel island off
Saklan road, and Tridents’s relative closeness to the site.

It appears that there is potential for contamination of the drinking water aquifer
which supplies the homes along Saklan Road. Many of these homes have wells visible on
their properties which may or may not be in use. The depth of the Berkeley Farms water
well is approximately 42 feet according to Berkeley Land Co. A possible reason for the large
amount of diesel in Berkeley Land Co. well is that the well is directly in line with the water
gradient and has in effect acted as a recovery well drawing the contamination towards it.
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If Trident is the source of the contamination recovery wells will be needed between
Berkeley Land Co. and Trident’s tanks to prevent additional contamination from being
brought on site.

Additional study is required to meet the assessment requirements of Alameda County
and to verify the potential source of and extent of the contamination plume, including an
evaluation with the county or Hayward to determine if the Saklan Road drinking water
aquifer has been contaminated. This initial assessment appears to indicate that the source
of the diesel contamination is Trident Trucking Inc.

Remediation plans can not be effectively designed or implemented until a more in
depth assessment has been completed which includes placement of four sample borings,
four monitoring wells and one recovery well on site. The sample borings and placement of
the wells would also include complete logging of the core material, soil samples at § foot
intervals for Total Petroleum Hydrocarbons as diesel and gasoline, and ground water
samples. Placement of these wells and the collection of additional samples will allow CEC
to quantify the contamination on the site, and better characterize the plume which will be
necessary to develop effective remediation plans. '

State regulations require that investigative work be conducted to assess the magnitude
and extent of petroleum bydrocarbon contamination and evaluate the beneficial ground
water usage in the vicinity of the site, To meet these requirements CEC will work with the
county to determine the location of both private and municipal wells within a half 1/2 mile
radius and survey selected wells especially those upgradient for contamination (Note only
a couple of close down gradient wells will be surveyed initially). A remediation plan
including cost estimates will be developed for Berkeley Land Co., and the regulator once
the magnitude of the contamination to ground and drinking water aquifers has been
determined.

Both the Hayward Fire Department and Regional Water Quality Control Board
require that soil containing gasoline or waste oil at concentrations over 1,000 ppm be
removed. Because the extent of soil contamination is not know the quantity of soil to be
removed or treated can not be determined until additional sampling and analysis is
completed. Ground waters monitoring wells are recommended in the locations indicated

in Figure 1.

Before starting any remediation or further investigation, this report and its recommendations
should be submitted to the Hayward Fire Department Hazardous Materials Section and
Regional Water Quality Control Board. A meeting should be scheduled with the Fire
Department and county to discuss the report and proposal as soon as possible.
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RECOMMENDATIONS:

The California Water Resources Control Board LUFT Field Manual of April 5, 1989
requires that if there is known or suspected ground water contamination from a leaking
underground tank the following actions must be taken:

1. Collect water and soil samples;

2, Laboratory analysis of samples for BTX&E and TPH;
3. Determine ground water gradient and drill wells as necessary;

4. Consult with the Regional Board to access impact on ground water
use, and determine required remedial action;

5. Monitor site to ensure effectiveness of remedial action.

To complete the preliminary assessment requested by Alameda county the following
actions are recommended:

1. Install 4 monitoring wells as recommended in Figure 1 and Figure 2,
collect soil and water samples;

2, Place four sample borings on Saklan Road to a depth of 20 feet and as
indicated in Figure 1 on Berkeley Land Company’s lot;

3. Borings will be logged by a CEC geologist and soil samples collected
at 5 foot intervals will be submitted to a State certified laboratory for
TPH and BTX&E analysis using EPA methods 8015/8020/5030
procedures as outlined in this report;

4, The ground water level should be measured in accordance with the
procedures outlined in this report;

5. Ground water samples will be analyzed for TPH and BTX&E using
EPA method 8015/5030/602 in accordance with the procedures
outlined in this report;

6. If free floating fuel is found in any of these wells the thickness of
product and the corrected water level will be measured
according to procedures outlined in this report;
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10.

11.

12.

All soil cuttings and fluids produced during drilling, well development
and ground water quality sampling will be drummed and temporarily
stored on the site until classified and appropriate disposal of the
material is determined;

Resurvey the site, relative well elevations and confirm the site ground
water gradient;

Conduct slug tests and physical soil analysis to determine ground
water velocity and hydraulic conductivity.

Determine the location of public and private wells within a 1/2 mile
radius of the site and collect 3 water samples upgradient and down
gradient of the site;

Provide Berkeley Land Co., and their attorney with technical support
to notify OES of drinking water contamination;

Install a recovery well as indicated in Figure 1 an initiate ground water
clean up using an extraction type depression pump and skimmer.
Note: The fire department will be notified to oversee or provide
guidance for product removal. The removed product will be stored
in an above ground tank.

20



WELL CONSTRUCTION AND SAMPLING SPECIFICATIONS

CEC’s standard procedures for well installation and soil/water sampling meet or exceeds
guidelines set forth by the EPA and the California State Regional Water Quality Control
Board.

Wells are drilled with a hollow-stem, continuous-flight auger. All borings and logging will
be overseen by a registered engineer or geologist with special attention given to the
avoidance of cross contaminating underlying aquifers. Although each boring presents unique
conditions, several methods used by CEC geologists and engineers prevent pollution of clean
aquifer zones underlying contaminated zones. These methods include: (1) when boring
in a zone of saturated permeable materials, drilling will cease if S feet of impermeable
material (usually clays) are reached. The clay layer is most likely an aquiclude separating
the shallow and deep aquifers and should not be penetrated. (2) In areas where the depth
to the water table is not know, the hole will be bored down to groundwater or to a
maximum depth of 45 feet if groundwater is not encountered unless local guidelines specify
greater depths. This is above nearly all deep aquifers currently supplying groundwater in
the Bay Area counties. If a saturated shallow aquifer is found which is greater that 20 feet
thick drilling will be terminated 20 feet below the top of the aquifer.

If water is not found within 45 feet of the surface, a vapor monitoring system will be
installed at a depth lower than the bottom of the tank. The access hole will be filled with
a mixture of cement and bentonite to prevent downward movement of contaminants.

The PVC well casing used for both vapor and groundwater monitoring is carefully cleaned
with trisodium phosphate and then steam cleaned. The casing is slotted throughout the zone
of saturation and sections are connected with dry thread or slip joints. Using any type of
glue to connect casing sections could cause false analytical interpretations of water quality.
The casing extends one foot above ground surface and is capped to prevent surface
contamination. When monitoring wells are placed in traffic areas where they cannot extend
above the surface, cast iron boxes and covers are installed. '

After the casing has been installed the space between the outside of the casing and sides of
the boring is filled with washed gravel through the entire perforated zone. the casing is
cemented from the top of the perforated zone to one foot below the surface.

An exploratory boring (pilot hole) will be drilled for monitoring wells to obtain samples of
the subsurface strata. Monitoring wells are designed to measure the potentiometric surface
and water quality of specific hydro-stratigraphic zone. The proposed locations of the
monitoring wells are shown on Figure 1 of the report.
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Exploratory borings for the monitoring wells will be drilled using hollow-stem augers. The
augers have an inside diameter 3-5/8 inches and an outside diameter of 8 inches. The
actual depth of each boring will be specified by the geologist assigned to the drill rig. If
floating product is found its thickness will be measured using an interface probe,

All drilling equipment will be steam cleaned before and after drilling of each exploratory
hole. Ouly clean water from a municipal supply will be used for decontamination of drilling
equipment.

The final borehole diameter will be sufficiently large to allow placement of a specified type
and size of well casing, screen ad filter.

The engineer shall specify to the driller the penetration rate, depth of soil damage. Final
disposal of the soil. All drums will be the responsibility of Berkeley Land co, through CEC.

Excavated soil may be stockpiled in an area that is away from storm drains (at least 100)
inside the fenced area and away from surface water flow channels. Once the excavation or
borings are complete the stockpiled contaminated soil will be sampled. A composite sample
will be collected to ensure that the sample is representative of the stockpiled soil.

Options for Handling Soil

Some options will include disposal as residue or hazardous solids. Treat the soil on-site or
send to a recycler such as asphalt manufacturing. Disposal options will depend on the
amount of soil, contamination type and concentration, costs and long term liability for
disposal methods.

1. Logging of Boreholes

The drill rig operator and the CEC geologist will discuss significant changes in
material penetrated by the drill, changes in drilling conditions, hydraulic pressure and
drilling action. The CEC geologist will be present during drilling of exploratory
borings and will observe and record changes by time and depth and evaluate the
relative moisture and content of the samples and note water produce zones. This
record will be used later to prepare a detailed lithologic log. The lithologic
description of the log will include soil or rock type, color, grain size, texture,
hardness, degree of induration, calcareous content, presence of fossils and other
materials (gypsum, hydrocarbons) and other pertinent information. A copy of the
logs will be retained in the field file at the project site.

2. Exploratory borings will either be completed as monitoring wells (see PROTOCOL
No. 2) or will be abandoned by filling a hole with cement grout. Cement shall be
placed in one continuous pour through a cementing pipe. The cementing pipe
initially will be placed near the bottom of the hole and will remain submerged int he
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grout during the entire cementing operations. Cement will continue to be pumped
until return of fresh grout (uncontaminated by cuttings) is witnessed at the ground
surface.

Installation of Monitoring Wells

Each monitoring well will be designed to register the potentiometric surface, facilitate soil
sample permit water sampling. Using the lithologic log for control the CEC geologist in
consultation with the Project Manager will specify the exact depths of screened intervals.
Drilling and logging of the exploratory borings for the monitoring wells will be in
conformance with procedures in this manual, Construction and completion of all monitoring
wells will be in conformance with the following provisions.

Screen and Riser Pipe

The monitoring well assembly will consist of four-inch diameter polyvinyl chloride (PVC)
schedule 40 (minimum) casing.

The perforated casing (well screen ) shall be factory slotted. The perforations will be 0.020
inches in size. These perforated casing sections are not intended to provide optimum flow
but will provide hydraulic connection between the pervious material in the water-bearing
zone and the monitoring well.

Setting Screens and Riser Casings

Upon compietion of drilling, the monitoring well will be assembled and lowered to the
bottom of the boring. The monitoring well will be designed so that the well screen is
approximately opposite the water-bearing zone that will be monitored. The bottom of the
screen shall be approximately flush with the bottom of the well and shall be capped with a
threaded PVC cap or plug. The PVC joints will be flush coupled and threaded. No PVC
cement or other solvents are permitted to be used to fasten the joints of casing or screen.

After the monitoring well assembly has been lowered to the specified depth, filter sand or
gravel will be placed in the annular space to a level of about 1 foot above the top of the
perforated casing. The depth to the top of the filter pack will be verified using the tremie
pipe or a weighted steel tape.

Once the depth to the top of the filter pack has been verified, a layer of bentonite pellets
will be placed with space to fill the annular space to a level of about 1 foot above the tope
of the filter pack. The depth to the top of the bentonite pellets layer must be verified using
the tremie pipe or a weighted steel tape.
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A bentonite/cement grout seal will be placed above the bentonite pellets layer by pumping
through a l-inch diameter PVC pipe lowered to the botiom of the grouted zone. The
bentonite/cement grout will be a mixture of Portland cement, approximately 5 percent by
weight (of cement) powdered bentonite and approximately 9 gallons of water. Only clean
water from a municipal supply shall be used to prepare the grout. The grout seal will
extend from the top of the bentonite pellets layer to the ground surface. After grouting, no
work will be done on the monitoring well until the grout has set a minimum of 48 hours.

Development of Monitoring Wells

When the monitoring well installation is complete, the well will be developed by surging,
and bailing and/or pumping. Well development generally suppresses damage to the
formation by drilling operations, restores natural hydraulic properties to the adjacent soils
and improves hydraulic properties near the borehole so the water flows more freely in the
well.

During development, pH, specific conductance, and temperature of the return water will be
measured. Well development will proceed until these field water quality parameters have
stabilized and the water is, in the judgment of the geologist, at its maximum possible clarity.
Wells will be developed by removing the finer material from the formation and filter pack
surrounding the wells. The procedure counsists of two steps, bailing the well followed by
pumping it until it produces clean water.

Water generated during development procedures will be placed in 55-gallon drums for
temporary disposal. Final disposal will be the responsibility of Berkeley Land Co.

Capping Monitoring Well

Upon completion of the work, a suitable vented screw cap will be fitted on the end of the
riser casing to prevent the entry of surface runoff of foreign matter. A steel well cover with
a locking top will be set in mortar around the riser casing for protection. The steel
protective well cover will be completed below the ground surface in a pre-cost concrete
valve box with a traffic-rates cover.

Documentation

A well construction Diagram for each monitoring well will be completed by the geologist
and submitted to the Project Manager when the work has ben completed. In addition, the
details of well installation, construction, development and field measurements of water
quality parameters will be summarized as daily entries in a field notebook or data sheets
which will be submitted to the Project Manager when the work has been completed.
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Cleaning of Drilling Equipment

Procedures for all drilling equipment will be therefore steam cleaned after drilling using
clear water from a municipal service.

Well casing, whether constructed of PVC or steel, will be cleaned thoroughly before
installed to prevent cross contamination.

The following cleaning procedure may be used or adapted as appropriate for conditions.

1.

2.

3.
4,

Swab surfaces, inside and out, with detergent-water solution.
Steam wash with a detergent-potable water solution.

Steam rinse with clean potable water.

Cover with plastic to protect equipment from contact with solvents, dust or other
contaminants.

Equipment used for well development will be steamed clean.
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SAMPLING METHODOLOGIES

GENERAL PRACTICES

U.S. Environmental Protection Agency standards serve as the foundation for all field
sampling operations performed by CEC. The EPA SW 846 is the primary publication
from which procedures are derived. Sampling related to underground storage tanks
and tank related threats to groundwater are regulated by the California Water
Resources Control Board and its Regional Water Quality Control Boards. While
some aspects of field and laboratory work may be delegated to the California
Department of Health Services, the CWRCB and the Regional Water Quality
Control Boards establish the general and specific criteria for sampling performed in
connection with underground storage tanks.

Other agencies, may require additional samples, but these are usually in addition to
samples required by the RWQCB. Local regulatory agency inspectors are frequently
present during the tank removal phase of a project and either direct or request that
samples be taken according to RWQCB specifications.

Based on field conditions directly observable by the regulator CEC may be asked to
collect samples that are tailored to the specific site and which the inspector judges
will provide significant information. quite often these directions coincide with the
sampling areas established by the RWQCB as directions coincide with the sampling
areas established by the RWQCB as the proper collection points for samples which
will be used as the Primary Criteria for a Regulatory Agency Determination on
whether additional exploration or remediation will be required at a particular site.

Hand Driven Core Sampling: This is another term for undisturbed soil sampling.
This is the preferred sampling method or both geotechnical and environmental
investigations because the method captures a relatively undisturbed cylinder of soil
which can be retained in its sealed brass liner during transport to a laboratory for
examination Whether driven by a drill rig a hand auger or hand operated slide
hammer, the methodology remains the same.

Because of the tons of force which can be exerted by a drill rig, the samplers, drill
rod and hammers are, necessarily, quite massive. Equipment used in hand augured
borings is usually much lighter and more subject to wear and breakage. Specialized
hand tools that enable a person to drive samples consist of a sampling show (which
contains the brass liners), light weight drill rod, and a small slide hammer, These
hand operated drive samples collect samples in the same two inch diameter brass
liners used in many drill rig samplers, but collect only a four or six inch long core
rather than twelve to twenty-four inches of soil commonly obtained by a drilling rig.
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Common uses for hand operated drive samplers include those applications where an
undisturbed soil sample is desired. Typical applications include the collection of soil
samples from the bottom of a hand augured boring, capillary zone sampling where
a drill rod is used to extend the sampler across an open pit to a selected location on
the wall of the excavation, and when sampling soil from the backhoe bucket that is
too hard to allow a brass sample liner to be pushed into the soil by hand.

Sampling and Togging: Representative samples of drive-sample cores will be
obtained, evaluated and retained. A detailed log of these samples will be made by
a CEC geologist. Grain-size (sieve) analyses may be undertaken on selected samples
in potential well completion zones. These analyses will be recorded on standard
grain-size analysis sheets. Moisture content and dry density measurements may be
performed on selected drive-sample cores to evaluate the degree of saturation.

Obtaining Samples: Undisturbed soil samples shall be obtained for chemical analysis
and geotechnical classification at approximate S-foot intervals or continuously
beginning at 5 feet below grade and excluding its depth using a modified California
split-spoon sampler. The sample will be lined with clean, thin-walled, segmented
brass tubes. Selected samples for analysis will be sealed with aluminum foil, plastic
end caps and vinyl electrical tape., The samples will be labelled and placed in an ice-
cooled chest for delivery to a state-certified laboratory for chemical analysis. Chain-
of-custody records will be completed for each sample delivery.

Soil Sampling: Continuous samples will be obtained from one shallow well boring
near the center of the site. Sampling will be conducted using a 2- or 2.5 inch L. D.
Modified California sampler containing four 4-inch long or three 6-inch long brass
tubes. The sampler and tubes will be decontaminated before and after each use by
steam cleaning, or an Alconox solution wash, and tap water followed by deionized
water rinses. The sampler will be driven ahead of the augers using a 140 pound drop
hammer. The average blow counts required to drive the sampler the last 12 inches
will be recorded on the boring logs. The soils exposed at the ends of each brass tube
will be examined by a geologist for soil type and the obvious presence of
contamination and classified according to the Uniform Soil Classification System.
These observations will be recorded in the boring logs.

The sample tubes, will be sealed at each end with aluminum foil or Teflon sheeting,
PVC end caps, and placed in ziplock bags before placing in an ice chest for delivery
to the laboratory. The middle tube will be extruded into a ziplock bag, sealed and
left in the sun for 5 minutes to enhance the volatilization of hydrocarbons that may
be present in the soils. A headspace reading will be taken from the interior of the
bag using an organic vapor meter. These measurements will be recorded on the field
boring logs. Soil cuttings generated during drilling will be placed in drums, labeled,
sealed and left on-site for subsequent disposal pending the sample results.
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Sample Selection: Selection of samples for laboratory analysis will be based primarily
on headspace readings and position within the boring, although some discretion by
the site geologist or engineer will be required. In general, samples with headspace
readings over 50 ppm or that have visual or olfactory indications of contamination
will be submitted for analysis. One sample will also be selected from one to two
intervals below the apparent lower limit of contamination to obtain a "zero line"
value. In addition, the sample closest to the depth of the storage tank invert (i.e. 12-
13 feet) will be submitted for analysis. If the water table is above the tank invert, the
sample closest to the water table will be selected.

In the event that no contamination is apparent, the sample closest to the depth of the
tank invert and a composite of all other samples down to the water table will be
submitted for analysis. The laboratory conducting the analysis will be responsible for
compositing the samples

Samples selected for analysis will be labeled according to boring/well number and
sample depth and transported under chain-of-custody to state-certified laboratory.
An example of a chain-of-custody form is provided in Figure 1.f

Sample Analyses Chemical. Based on the site’s history and nature of the released
product the samples will be tested for the material(s) released or stored at the site,
otherwise the samples will be analyzed for both heavy and light hydrocarbons.

Soil Classification
The United Soil Classification System will be used to categorize soils. See the

summary of this system on the next page.

Abandoned Sample Bores Abandoned sample bores will be sealed with bentonite
or a bentonite concrete grout mix.
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TABLE 4-1
SAMPLING PROCEDURES TO BE USED FOR BARREL AUGER

The sampler will be placed at the selected soil sampling location and depth.

With the sampler and extension rods in the vertical position, the sampler will be
rotated into the sampling zone.

When the sampler penetrates the subsurface to a selected depth, or is filled with a
selected volume of soil, the assembly will be pulled out of the cavity.

The auger will be carefully removed from the cavity and the barrel head gently
placed on a clean board or other support. The soil contained in the barrel will be
scraped into the sample container using a clean spatula or other tool. The remaining
soil will be discarded.

The sample containers will be labeled pursuant to the project chain-of-custody
procedures.

All components of the samplers that come into contact with the soils will be
decontaminated prior to their use for the following sampling event.
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In addition to the auger sampler used in conjunction with auger drilling, soil samples will
be taken with a core sampler. This sampler consists of a 6-inch long hollow tube that
contains a metal liner that is driven into the ground. Figure 4-2 illustrates components of
the core sampler.

A weighted drop hammer fits onto the tube to facilitate driving the sampler into the soil.
Pulling on the hammer forces the sampler out of the cavity. Components of this sampler
are constructed from hardened metal.

The core sampler will be driven to a depth of 6-inches into the ground at each sampling
depth and location. Samples obtained in this way are referred to as "undisturbed samples”
in this document. Table 4-2 describes the sampling procedures to be used for the core
sampler.

Upon extraction from the boring, inner metal liner will be removed from the sampler and
sealed for shipment to the certified project laboratory.
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TABLE 4-2
SAMPLING PROCEDURES TO BE USED FOR THE CORE SAMPLER

The sampler tip will be placed on the soil surface at the desired sampling depth and
location after removing surface debris.

The tube will be positioned vertically above the ground surface. The hammer will

be raised and dropped with both hands. The hammering will continue until the
barrel of the core sample has been driven completely below the soil surface.

The hammer will be then pulled upward to force the tube out of the ground.
The unit will be carefully removed from the cavity. The sampler will be placed on
cardboard or a clean board. The housing will be unscrewed and removed. The brass

liner will be removed and the ends of the liner will be capped and sealed.

The sample container will be labeled pursuant to the project chain-of-custody
procedures.

All components of the sampler that come into contact with the soils will be
decontaminated prior to their use for the following sampling event.
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GROUNDWATER SAMPLING

If groundwater is encountered during the excavation a sample will be collected. VOA bottles
with teflon line caps will be used.

Sample Containers CEC uses new sample containers specified by either EPA or the
RWQCB for the sample collection. Water samples are contained in 40 ml volatile organic
analysis vials (VOAs) when analysis for gasoline and similar light volatile compounds is
intended. These containers are prepared according to EPA SW 849 and will contain a small
amount of preservative when the analysis is for TPH as gasoline or EPA 602. Vials
intended for EPA 601 analysis and EPA 624 GCMS procedures are not preserved. Closure
is accomplished with an open headed (syringe accessible) plastic screw cap brought down
on top of a Teflon faced septum which is used to seal the sample without headspace.

Sample Containers and Volumes Water samples intended for semivolatile and nonvolatile
analysis such as total oil and grease (TOG) and diesel (TPH HBF) are collected and
transported in prepared dark new glass liter bottles to reduce any adverse effect on the
sample by sunlight. Antimicrobial preservative may be added to the sample liquid if a
prolonged holding time is expected prior to analysis.

The sample containers will be either glass or polyethylene and will be obtained from the
laboratory or other approved source. Separate containers will be required for specific
groups of analytes in accordance with EPA methods (40 CFR Part 136 and SW-846).

Sample containers, either glass or polyethylene, will be labelled with self-adhesive,
preprinted tags having the following information written on them.

1. Project number (or name)

2, Sample number (or name)

3. Sample location (well number, etc.)

4. Date and time samples were obtained

5. Treatment (preservative added, filtered, etc.)

6. Signature (first initial, last name) of sample collector

Sample tags shall be filled out using water proof ink.

Sample Preservation and Storage Preservation and storage of samples is dependent on the
chemical constituents to be analyzed and will be discussed with the laboratory prior to
sample collection.
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Water Sampling Water Samples are collected in any of several appropriate devices such as
bailers, Coliwasas, Middleburg sampling pumps etc. Sample liquid is decanted into new
sample containers in a manner which reduces the loss of volatile constituents and follows
the applicable EPA procedures for handling volatile organic and semi-volatile compounds.
Only two variations from the EPA methods are generally employed. First, preservative is
added to the sample container prior to addition of the sample liquid.

Monitoring wells will be constructed by inserting a 4-inch flush threaded schedule 40 PVC
well casing from the bottom of the boring to the ground surface. From approximately 5 feet
above the ground water surface to the base of the well, the casing will consist of machine
slotted well screen. The remainder of the well will be solid PVC casing. The filler pack will
be placed in the annular space between the 4-inch well casing and borehole and will extend
from the bottom of the well to approximately 2 feet above the top of the screened casing.
A layer of bentonite approximately 1 foot thick will be placed above the filled packs and
charged with water: The remaining space will be backfilled using a ¢ement bentonite grout
mixture, A locking aluminum well cap will be connected to the top of the well to protect
it from ground surface traffic. The well will be completed at the ground surface and will
be developed until the groundwater is visually clear and free of sediment.

The wells will be developed and sampled using a teflon bailer, washed with TSP, rinsed with
tap water and then distilled water. A minimum of four well volumes will be removed from
the well prior to sampling. To insure that water in the well was exchanged: (1) bailing will
commerce at the top and work downward; (2) bailing will be done briskly to draw the well
down, thereby reducing the percentage of recharge water in relation to possible stagnant
water within the well. The well will be allowed to return to 80 percent of the original water
level before sampling. The sample vials and bottles will be filled to overflowing; (1) the
precludes air bubbles passing through the sample during filling, and (2) sealed so that no
air is trapped in the vial. Once filled, samples will be inverted and tapped to test for air
bubbles. Samples will be placed on ice and delivered to the lab as soon as possible.

Water Level Measurement All water-level measurements will be recorded to the nearest
one hundredth of a foot, and all depth measurements shall be noted to the nearest half foot,
and all depth measurements shall be noted to the nearest half foot. For a period of 48 to
72 hours strip chart recorders will be used to document changes in groundwater levels.

1. Water-Level Measurements in Non-Flowing Wells

Water-level measurements in non-flowing wells will be done by one of the following
methods: Following the water level measurement a submersible pump well be
lowered into the well and pumped unit three to four well volumes of water have been
removed from the well. This is necessary to ensure representative sampling of the
groundwater aquifer vs standing well water,



Wetted-Tape Method

A steel surveyors tape (e.g., Lufkin Highway Nubian Type B) shall be prepared by
coating several feet of the lower end of the tape with chalk. A lead weight is
attached to the lower end of the steel tape to keep it taut. The tape is lowered into
the well until a foot or two of the chalked portion is submerged.

a. Lower and hold the tape at an even foot mark at the Measuring Point (MP)
and note this tape reading.

b. Remove the steel tape from the well. Subtract the wetted length from the
even foot mark noted in Step 1 and record this as Water Level Below MP.

Electric Sounder Method

An electric sounder consists of a contact electrode that is suspended by an insulated
electric cable from the reel that has an ammeter, a buzzer, or other closed circuit
indicator attached. The indicator shows a closed circuit and flow of current when the
electrode touches the water surface. The electric sounders used in this project shall
be calibrated by measuring each interval and remarking them where necessary.

The procedure for measuring water levels with an electric sounder is as follows:

a. Switch on.

b. Lower the electric cable into the well until the ammeter or buzzer indicates
a closed circuit. Raise and lower the electric cable slightly until the shortest

length of cable gives the maximum response on the indicator is found.

C. With the cable in this fixed position, note the length of cable at the Measuring
Point (MP).

WELL TOTAL DEPTH MEASUREMENTS

Total depth of a well shall be measured by sounding with a weighted steel surveying tape
or an electric sounding line, weighted when possible. Procedures to be followed are
described below.

1.

Measure the distance between the zero mark on the end of the measuring line and
the bottom of the weight.

Lower the weighted steel tape into the well until the tape becomes slack or there is

a noticeable decrease in weight which indicates the bottom of the well. Raise the
tape slowly until it just becomes taut (this may have to be done several times to feel
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3.

that taut point), and with the tape in this fixed position note the reading at the
Measuring Point. Adjust it for the difference described in Step 1, and record the
resulting value as Well Depth.

Record the Well Depth value in a bound field notebook or on a data sheet.

FREE-PRODUCT MEASUREMENT

In wells where there is free product, the depth to the free-product surface will be measured
using the wetted-tape method. The thickness of free product then will be measured using
a graduated, clear acrylic bailer.

A corrected water level elevation will be calculated by subtracting the free-product thickness
from the free-product level elevation and accounting for the buoyancy effect of the free-
product.

SAMPLE COLLECTION

Individual ground or other samples will be collected for quality analysis.

1.

Wells will be pumped or bailed at least until the volume of water pumped is equal
to or four times the volume of the well’s casing (purging of well) prior to sampling.
To assure that the water samples are representative of the aquifer, periodic
measurements of the temperature, Ph and specific conductance will be made. The
sample will be collected only when the last temperature measure is within + /- 0.5°
C, the pH is within 0.1 unit and the specific conductance is within + /- 5 percent of
the previous reading.

A positive-displacement pump (blader or reciprocating) and/or bailer will be used
for evacuating the casing of the monitoring wells in the ground-water sampling
network, A Teflon or disposable bailer will be used to collect the water samples for
laboratory chemical analysis.

A sample container and cap will first be rinsed thoroughly with the water to be
sampled. The container will then be filled to overflowing to avoid trapping air at the
top of the container. Splashing of the water in the sample container and exposure
to the atmosphere shall be minimized during sampling. A container cap will be
screwed on tightly immediately after filling the sample container. Samples for
volatile organics analysis (VOA) will be collected in duplicate in VOA bottles and
checked to be sure no headspace is present in the sample container,

The sampling sequence for the wells will begin with the well expected to have the

least contamination. Successive samples will be obtained from wells of increasing
suspected contamination. If the relative degree of suspected contamination cannot
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be reasonably assumed, sampling will proceed from the perimeter of the site towards
its center. The sampling sequence will be arranged such that wells are sampled in
order of increasing proximity to the suspected source of contamination.

5. A map will be used in the field to record sample locations. A field log book or data
sheets will be used to record the following information:

a. Sample number (or name)
b. Date and time sampled
C. Sampie location (well number)

d. Depth at which sample was taken

e. Conditions of source (flowing, pumping, etc.)

f. Extraordinary circumstances (if any)

g Name collector

h. Results of field measurements (temperature, pH, specific conductance)

QUALITY CONTROL SAMPLES

To document the precision and accuracy of analytical data generated by the subcontracted
laboratory, one or more of the following procedures will be employed periodically:

1. Duplicate Sample - A double volume of water will be collected and preserved. The
sample will then be divided into identical containers that are given different location
identification names or sample numbers. These numbers are recorded in a field log
book or on a data sheet for later reference. Both samples are submitted to the
laboratory for identical analyses.

2. Blank Sample - Blank samples will consist of travel blanks and field blanks. A travel
blank will consist of deionized water that is added to the various sample bottles.
Preservatives supplied ;by the laboratory will also be added to sample bottles as
appropriate. At least one set of travel blanks will be submitted for each set of
samples collected and delivered to the laboratory. Travel blanks will be kept in
separate storage containers from the groundwater samples. A field blank will consist
of deionized water that is added to the sample bottles at the time of sample
collection. The field blank sample bottles are preserved in the same manner as the
groundwater samples and may be stored with the groundwater samples.
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STORAGE AND TRANSPORTATION

Sample exposure to dust, direct sunlight, high temperature, and adverse weather conditions
will be avoided whenever possible. Samples shall be transported to the laboratory as soon
as possible and on no more that 48 hours from the time they were collected. All samples
will be stored in and kept in plastic "ziplock” bags, a closed ice chest until delivery to the
laboratory.

FIELD MEASUREMENTS

The following field measurements will be performed on groundwater samples. Data
obtained from field water quality measurements will be recorded in the field log book or
data sheets, Separate aliquot of groundwater from a monitoring well will be used to make
field measurements (samples for laboratory analysis shall not be reopened).

TEMPERATURE MEASUREMENT

Temperature measurements will be made with a good grade mercury-filled Centigrade
thermometer, bimetallic-element thermometer, or electronic thermistor,

PH MEASUREMENT

pH measurements will be made as soon as possible after collection of the sample preferably
within a few minutes.

SPECIFIC CONDUCTANCE MEASUREMENT

Conductivity will be measured by dipping the conductivity probe in the water source or
saraple. The probe must be immersed above the vent. The temperature of the sample will
be used to calculate specific conductance from the conductivity measurement.
Measurements shall be reported in units of micromhos per centimeter at 25 degrees
Centigrade.

EQUIPMENT CALIBRATION
Equipment used for field measurement of organic, vapor, pH and specific conductance shall
be calibrated per manufacturers guidelines. Calibration shall be documented in the field

log book or data sheets and will include a description of the calibration method,
identification number of equipment and/or regents used in calibration.

DOCUMENTATION

Log Book or Data Sheets A log book containing information collected during sampling
operations, as described above, will be maintained. It will be in a bound notebook with
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consecutively number pages. Pages may not be removed for any reason. Entries in the log
book shall be made with indelible ink. Errata may be marked out with a single line, and
initials of person making the change.

Alternatively, specially formatted field data sheets may be used to record the information
collected during water quality sampling.

The log book and data sheets will be placed in the project file when sampling is completed.
Equipment Cleaning

Sample bottles and bottle caps will be cleaned by the laboratory using standard EPA-
approved protocols or new unused containers. Sample bottles and bottle caps will be
protected from soivent contact, dust or other contamination between time of receipt by CEC
sampling.

Sampling equipment for this project may be dedicated to a particular well. Prior to
installation of this equipment, all equipment surfaces that will be placed in the well or come
in contact with groundwater will be cleaned to prevent cross contaminates.

Sampling equipment that will be reused will be cleaned after sampling at each well is
completed.

FIELD EQUIPMENT DECONTAMINATION

A major concern with soil and groundwater sampling is the potential of cross-contamination
of samples. Therefore, care will be taken to properly decontaminate all sampling
equipment. Drilling and sampling tools, sample containers, and any other equipment which
comes into contact with the samples will be cleaned or disposed of after each sample in
order to preserve the integrity of the sample,

All tools, anger segments, and samplers used in the drilling and sampling program will be
cleaned prior to being used. All such items will be cleaned prior to beginning work at each
subsequent site, between each boring, and between each sample location.

Cleaning will include washing with appropriate detergents and solvents followed by a
distilled water rinse and air drying. Wash water and solvent rinses will be collected at each

site and containerized. Field equipment decontamination procedures to be used are
summarized in Table 4-4.

SAMPLE HANDLING

Soil and groundwater samples collected using the techniques described previously in this
section will be handled in the manner described in Table 4-3. Sample containers will be
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sealed with labels, and the samples will be delivered to the project laboratory for analysis.
The samples will be accompanied by chain-of-custody records {discussed in Section 5.0) and
sample analysis request sheets. The person who last signed the chain-of-custody record will
accompany the samples to the laboratory and sign the samples over to the laboratory
personnel authorized to receive the samples. In turn, the authorized laboratory staff will
sign the chain-of-custody record and take possession of the samples. The laboratory will
then assign their internal quality control and sample inventory codes to each sample, and
record the codes on the chain-of-custody sheets. Copies of these records will be sent to
CEC for further sample inventory, and placed in the permanent project file.
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TABLE 4-3

SAMPLE HANDLING PROCEDURES TO BE USED IN THIS PROJECT

Soil samples will be placed into sample containers or liners sealed immediately upon
their extraction from samplers. When brass sample tubes are used, the tube will be
completely filled with soil so there is no head space. Next the ends of the tube will
be sealed with aluminum foil or teflon sheeting prior to attaching the snugly-fitting

plastic caps.

The caps will be replaced on the containers. The containers will be labelled and
sealed to prevent loosening of the cap during transport to the laboratory and to
protect the integrity of the sample.

The samples will be immediately chilled for collection. Ice will be sealed in plastic
bags to avoid wetting sample bottles. (Note: Dry ice can be used for soil samples).
Temperature in the cooler will be maintained at 4° C from the time of collection
until they are received by the laboratory.

42



TABLE 4-4

FIELD EQUIPMENT DECONTAMINATION PROCEDURES
TO BE USED IN THIS PROJECT

Equipment will be washed and scrubbed with an Alconox detergent solution using a
bottle brush.

Equipment will then be double rinsed with distilled water.
The equipment will then be air dried.

Package and seal equipment in plastic bags or other sealed containers to prevent
contact with solvents, dusts or other contamination.
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QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC)

In order to assure the quality of the analytical data, quality control blanks will be collected
and analyzed for the same parameters as the investigation samples.

For each shipment (and type) of sample containers from the analytical laboratory, one
container will be filled with Type II reagent grade water at the laboratory and sealed. The
blanks will be transported to the site with the balance of the sample containers and be
handled in the same manner as the samples. The trip blanks will be returned to the

laboratory with the samples for analysis.

Additionally, the QA/QC of the laboratory will be checked by the collection and analysis
of one blind duplicate sample each sampling day (water samples only). The duplicate will
be labelled with a sample number which will not conflict with the other samples, but will

not be discernible to the laboratory as a duplicate. One blind duplicate water sample will
be collected and analyzed each sampling day.

Laboratory Custody Procedures

Laboratory custody procedures concerning the acquisition and handling of samples and the
documentation required will be in accordance with the procedures outlined below.

1. Receipt of Samples at the Laboratory

One person will be designated as the sample custodian and be responsible for the
receipt of the samples at the laboratory. Upon delivery the custodian will:

o Observe the physical condition of the sample container(s) noting any broken
seals or other evidence of tampering.

0 Open the container and crosscheck to verify that the information on the Chain
of Custody Record corresponds to that on the sample labels.

¢ Records the information on the sample tags in a laboratory notebook.

o Reports any damage to, or leakage of samples to the lab supervisor and the
CEC Project Manager, and records this information in the laboratory
notebook.

0 Signs the Chain of Custody Record, including the date and time received.

© Places the samples in a secured storage area.



Damaged Samples In the event of sample leakage, headspace in the sample bottle
or any other evidence of damage to a sample, the CEC Project Manager will
determine sample disposition.

Sample Storage Samples, prepared samples, and standard solutions will remain in
a secured area at all times unless being used for analysis. Access to this area will be
limited to the laboratory supervisor, the sample custodian and analytical personnel.

TEST METHODS

1.

3.

Skougstand, M.W., and others, 1979, Methods for Determination of Inorganic
Substances in Water and Fluvial Sediments: U. S. Geological Survey, Techniques of
Water Resources Investigations, Book 5, Chapter Al, pages 7-15.

American Public Health Association, 1980, Standard Methods for the Examination
of Water and Waste Water (15th ed.), Washington D. C. pages 3-41.

Federal Register, v. 49, n. 209, Friday, October 26, 1984, Part VIII (40 CFR 136).

Table 4-5 lists the chemical constituents to be analyzed for selected samples and specifies
the method that will be used for each constituent.

In the event that one of these methods proves to be unsatisfactory for accurate and precise
determination of a constituent, the laboratory will consult with CEC about an alternate
method. The alternate method must be approved by the CEC Project Manager before it
is performed; if approved, the reference document detailing the analytical method will be
added to the list of references in Table 3.
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TABLE 3

WATER QUALITY CONSTITUENTS AND

ANALYTICAL METHODS

Constituents — Method Reference
Total Petroleum Fuel GC/FID! EPA, 1982, Method 5020
Hydrocarbons (gasoline) for sample preparation
Benzene, Toluene, GC/FID! EPA, 1982, Method 8020
Xylenes
Waste Qil Gravimetric EPA, 1984b, Method 413.1
Purgeable Organics GC/MS? EPA, 1984a, Method 624
References

American Public health Association ("Standard Methods"), 1980, Standard methods for the
Examination of Water and Wastewater (15th ed.) Washington, D.C. 1134 p.

RWQCB, 1985, Guidelines for Addressing Fuel Leaks. September 1985.

U.S. Environmental Protection Agency (EPA), 1984, Guidelines Establishing Test Procedures for
the Analysis of Pollutants Under the Clean Water Act (40 CFR Part 136): Federal Register, v. 49,
n. 209, Friday, October 26, 1984, Part VIII, Table 1B.

U.S. EPA, 1982, Test Methods for Evaluating Solid Waste -- Physical/Chemical methods -- SW-846,
Second Edition, July.

1 GC/FID - Gas Chromatography with Flame Ionization Detector

2 GC/MS - Gas Chromatography with Mass Spectrometer Detector
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CHAIN OF CUSTODY PROCEDURES

After samples have been collected and labelled, they will be maintained under chain of
custody procedures. These procedures document the transfer of custody of samples from
the field to a designated laboratory.

A Chain of Custody Record will be filled out for each shipment of samples to be sent to the
laboratory for analysis (Figure 4-1. Information shall include:

o Date and time the sample was taken

o Sample number and the number of sample bottles

© Analyses required

o Remarks including preservatives added and any special conditions

o Container number in which sample has been packaged.

Cross out any blank space on the Chain of Custody Record between last sample number
listed and signatures at the bottom of the sheet.

After carefully packaging the sample into numbered containers {e.g., ice chests) for transfer
to the laboratory, the field sampler will sign the Chain of Custody Record and record the
time and the date, The original imprint of the Chain of Custody Record will accompany the
sample containers. A duplicate copy will be retained by CEC.

Sample containers will be sealed with tape such that they may not be opened without
breaking the seal. This seal is not to be removed until the container is opened at the
laboratory.

When shipping the containers by a common carrier, a Bill of Lading will be used. Receipts
of Bill of Lading should be retained as part of the permanent documentation in the project
file.

Chain of Custody procedures for tracing the path of a given sample from the moment of
collection through all the intervening processes required to deliver the specimen to an
analytical laboratory. A sample is considered in custody if:

0 It is in the sampler’s or the transferee’s actual possession.
0 It is in the sampler’s or the transferee’s view, after being in his/her physical
possession.
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0 It was in the sampler’s or the transferee’s physical possession and then he/she
secured it to prevent tampering.

0 It is placed in a designated secure area.

Chain-of-custody procedures for this project will establish the documentation and

control necessary to identify and trace the soil and groundwater samples from their
collection to their analysis. Such documentation includes labeling to prevent mix-up,
container seals to prevent unauthorized tampering with contents of the sample containers,
and secure custody. These procedures are described in the Environmental Protection
Agency (EPA) document entitled "Test Methods for Evaluating Solid Wastes" (EPA, 1982).

Appropriate sections dealing with solids and liquids handling were used in developing the
chain-of-custody procedures, which will be used throughout this project.

SAMPLE LABELS

Sample labels are necessary to prevent misidentification of samples. The sample label to
be used in this project is a gummed tag, with peel-away backing. The label includes the
following information:

0 Name of collector

0 Date and time of collection

0 Place of collection

0 Collector’s sample number, which uniquely identifies the sample.

A copy of the label is shown in Figure 5-1.
CUSTODY SEALS
Custody seals are used to preserve the integrity of the sample from the time it is collected
until it is opened in the laboratory. A copy of the custody seal to be used in this project is
shown in Figure 5-2. The seal is gummed, with peel-away backing. It is attached in such

a way that it would be necessary to break it in order to open the sample container. The seal
will include the following information:

0 Date of sampling
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0 Collector’s sample number (This number must be identical with the number
on the sample label)

0 Collector’s signature
FIELD LOG BOOK

Information pertinent to the investigation and sampling will be recorded in a log book.
Entries in the log book typically include the following:
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140 West Indusirial Way, Benicia, CA., 94510-1016

Job Number: Collector:
Date: Time:
Sample Numben
Hole Number: Depth:
Site Name:
Figure 5

Sample Label
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{EE

Custedy Seal

framed B

Figure 6

Custody Seal
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Purpose of sampling

Location of sampling point

Suspected contaminant (chromium, lead, waste oil etc.) composition
Number and volume of sample taken

Description of sampling point and sampling methodology

Date and time of collection

Collector’s sample identification number(s)

Sample distribution and how transported (e.g., name of laboratory)
References such as maps or photographs of the sampling site

Field observations

Any field measurements made (e.g., screening of volatile organic with a field

gas chromatograph)

The log book is retained in CEC’s permanent project file.

CHAIN-OF-CUSTODY RECORD AND SAMPLE ANALYSIS REQUEST SHEET

To establish the documentation necessary to trace sample possession from the time of
collection, a chain-of-custody record will be filled out and will accompany every sample.
The record will contain the following information:

0

)

Collector’s sample number
Signature of collector

Date and time of collection
Place and address of collection
Suspected contaminants

Signatures of persons involved in the chain of possession
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0 Inclusive dates and times of possession.
Sample analysis request is also included on the chain-of-custody record and
accompanies the sample to the laboratory. The laboratory portion of the ill
be completed by laboratory personnel and includes:

0 Name of person receiving the sample
0 Laboratory sample number
) Date of sample receipt

0 Analyses to be performed

A copy of the Chain-of Custody and Sample Analysis Request Sheet to be used in
this project is shown in Figure 5-3.

RECEIPT AND LOGGING OF SAMPLE

Upon delivery to the project laboratory, the samples will be turned over to a sample
custodian assigned by the laboratory to receive the samples. Upon receipt of a sample, the
custodian inspects the condition of the sample and the sample seal, reconciles the
information on the sample label and seal against that on the chain-of-custody record, assigns
a laboratory number, enters the sample in the laboratory log book, and stores the sample
in a secured sample storage room or cabinet until assigned to an analyst for testing.
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Environmaental Consulting, inc.

Coasultans in Eoviroamental Engincering and Hydrogeolagy
140 West lnduswial Way, Bewcia, CA, 94510-1016
Ofe. (707) 7450171 (800) 447.0171 Fax. (707) 7450163

Chain of Custody Record and Analysis Request Form

Collected By:
Job Number:
Facility or Gegerator:
CEC Project Managen:

Sample Information

Sample Number Lab Idenuficaticaf Type | Depih Sample Acalysis Raquested

Number Date | Time

Suspected Waste Coastituents/Remarks:

Sample Allocation

{check)
Name of Lab:
Address: ] Sample received intact

{7 Sample damaged or missing {describe below)
Telephone:
Signature:
Chain of Possession
Belinquished By: Received By:

Signature Date Time Signaturs Date Time
1) 1}
2) 2)
3 3
8 4)
.
Figure 7
Chain-of-Custody Record
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ANALYTICAL METHODS

The soil samples collected will be analyzed for total oil and grease. The protocol outlined
in the Environmental Protection Agency’s (EPA) method 9071 will be used for this analysis.
A copy of the method from SW-846 is provided in the enclosures.
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Pt. 136, App. A, Meth. 601

quantitative confirmation of results for
most of the parameters listed above,

1.3 The method detection limit (MDL,
delined in Section 12.1) ? for each parameter
js lsted in ‘Table 1. The MDL for a specliic
waslewaler may diifer fiom those listed, de-
pending upon the nature of interlerences in
the sample matrix.

1.4 Any modification of this method,
beyond those expressly permitted, shail be
consldered as & major modiflcation subject
to application and approval of alternate test
procedures under 40 CFR 136.4 and 136.5.

1.5 This method is restricted {o use by or
undet the supervision of analysts experi-
enced In the operation of & purge and irap
system and a gas chromatograph and in the
Interpretation of gas chrematograms. Each
analyst must demonstrate the abllity to gen-
erate acceptable results with this method
using the procedure described in S8ection 8.2.

2. Summary of Melhiod

2.1 An inert gas is bubbled through a §-
mL waier sample contained In a specially-
designed purging chamber at ambient tem-
perature. The halocarbons are efficiently
transferred from the aqueous phase to the
vapor phase, The vapor is swept through 2
sorbent trap where the halocarbons are
trapped. After purging Is completed, the
trap is heated and backflushed with the
inert gas to desorb the halocarbons onlo &
gas chromatographic column. The gas chro-
matograph is temperature programmed to
separate the halocarbons which are then de-
tected with a halide-specific detector.2®

2.2 The method provides an optlional gas
chromatographic column that may be help-
ful In resoivibg the compounds of interest
from interferences that may occur,

3. Inlerferences

3.1 Impurities In the purge gas and or-
ganic compounds outgassing from the
plumbing ahead of 1he trap account for the
maljority ol contamination problems. The
analytical system must be demonstrated to
be free from contamlnation under ihe con-
ditions of tiie analysls by running laborato-
Ty reagent blanks ss described In Sectlon
8.1.3. The usc of non-Teflon plasiic tubing,
non-Tellon threrd sealants, or flow control-
lers with rubber components ln the purge
and trap system should be avolded.

3.2 Samples can be contrminated by dif-
fusion of volatile organles (particularly fluo-
rocarbons and methylene chloride) through
the seplum serl lito the sample during ship-
ment and storage. A field reagent blank pre-
pared from reagent water and carrled
through the sampling and handling proto-
col can serve as a check on such contamina-
tion.

3.3 Contamination by carry-over can
occur whenever high level and low level

40 CFR Ch. | (7-1-88 Edition)

samples are sequentially analyzed. To
reduce carry-over, the purging device and

‘sample syringe must be rinsed with reagent

water between sample snalyses. Whenever
an unusually concentraled sample is en-
countered, it should be followed by an anal-
ysls of reagent water to check for cross con-
tamination. For samples containing large
amounts of water-soluble materlals, sus-
pended solids, high boiling compounds or
high organchalide levels, it may be neces-
sary to wash out the purging device with a
delergent solution, rinse it with distilled
water, and then dry it in a 105°C oven be-
tween analyses. The trap and other parts of
the system are also subject to conlamina-
tlon; therefore, frequent bakeout and purg-
ing of the entire system may be required.

4. Safety

4.1 The toxicity or carcinogenicity of
each reagent used In this method has not
been precisety deflned: however, each chem-
ical compound should be treated as a poten-
tial health hazard. From this viewpoint, ex-
posure to these chemicals must be reduced
to the lowest possible level by whatever
means available. The laboratory Is responsi-
ble for maintaining a current awaretess file
of OSHA regulations regarding the safe
handling of the chemlcals specified In this
meihod. A reference file of malerial dala
handling sheets should also he made avall-
able Lo all personnel involved In the chemi-
cal analysis. Additlonal references Lo labora-
tory snfety are avallable and have been
identified *¢ for the information of the ana-
lyst.

4.2 The [ollowlng paramelers covercd by
this melhod have been tenlatively classified
as known or suspected, human or mammnil-
an carcinogens: carbon tetrachloride, chio-
roform, 1,4-dichlorobenzene, and vinyl chio-
ride. Primary standards of these loxic com-
pounds should be prepared in a hood, A
NIOSH/MESA approved toxic gas respira-
tor should be worn when the analys! han-
dles high concentrations of these toxic com-
pounds

5. Apparatus and Mualerials

51 Sampilng equipmeni, [or discrete
sampling,

5.1.1 Vial—25-mL capacily or larger,
equipped with a screw cap wilth a hole in the
center (Plerce #13075 or equivalent). Deler-
genl wash, rinse with tnp and distilled
waler, and dry at 105 “C before use.

5.1.2 Seplum—Teflon-faced silicone
(Pierce #12722 or equivalent). Detergenl
wash, rinse with tap and distllled water, and
dry al 105 *C {or 1 h before use,

5.2 Purge and trap systemi—The purge
and trap system consists ol three separate
pleces of equlpment; a purging device, trap,
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and desorber, Several complete systems are

how commercially available.

5.2.1 ‘The purging device must be de-
signed to accept 5-mlL samples with a water
column at least 3 cm deep. The gaseous
head space between the water column and
the trap must have a total volume of less
than 15 mL. The purge gas must pass
through the water column as finely divided
bubbles with a diameter of less than 3 mm
at the orlgin. The purge gas must be intro-
duced no motre than 5 mm from the base of
the water column. ‘The purging device {ilus-
1t_;-:i\.t.ed In Figure 1 meets these design crite-

5.2.2 The trap must be at lesst 25 cm
long and have an inside diameter of at least
0.10% In. The trap must be packed to contain
the following minimum lengths of adsorb-
ents! 1.0 em of methyl silicone coated pack-
Ing (Section 6.3.3), 7.7 cm of 2,6-diphenylene
oxlde polymer (Section 6.3.2), 7.7 em of
sillca gel (Section 6.3.4), 7.7 em of coconut
charcoal {(Sectlon 8.3.1). If 1t is not heces-
sary to analyze for dichlerodifluorometh-
ane, the charcoal can be eliminated, and the
polymer section lengthened io 15 cm. The
minimum specifications for the trap are il-
lustrated in Figure 2.

5.2.3 The desorber must be capable of
rapldly heating the trap to 180 *C. The poly-
mer section of the trap should not be
heated higher than 180 "C and the remain-
Ing sections should not exceed 200 *C. The
desorber illustrated In Figure 2 meets these
design criteria.

§.2.4 The purge and trap system may be
assembied as 4 separate unit or be coupled
to a gas chromatograph as illustrated tn Fig-
ures 3 and 4,

5.3 Gas chromatlograph—An analytical
system complete with a temperature pro-
grammable gas chromalograph sultable for
on-column Injection and ail required acces-
sorles including syringes, analytieal col-
umns, gases. delector, and sirip-chart re-
corder. A data system is recommended for
measuring peak areas.

5.3.1 Column 1-8 ft leng x 0.1 in. ID
stalnless steel or glass, packed with 1% SP-
1000 on Carbopack B (60/80 mesh} or equiv-
alent. This column was used to develop the
method perfermance statements in Section
12, Guidelines for the use of allernate
iglrilmn packings are provided in Section

5.2.2 Column 2—6 ft long x 0.1 in. ID
slainless steel or glass, packed with cheml.
cally bonded n-octane on Porasil-C (100/120
mesh) or equivalent.

5.3.3 Detector—Electrolytlc conductivity
or microcoulometric delector. These types
of detectors have proven effective In the
analysis of wastewaters for the parameters
listed In the scope (Seclion 1.1). The electro-
Iytic conductlvity detcctor was used to de-
velop the method performance statements
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In Section 12. Guidelines for the use of al-
tl.%rimbe detectors are provided in Section
54 Syringes—5-mL  glass hypodermic
Evlth Lue‘rlok. tip (two each), if applicable to
the purging device.
5.5 Micro syringes—25-uL, 0.006 in. ID
needle,

5.6 Byringe valve—~2-way, with Luer ends
(three each),

5.7 Syringe—5-mL, gas-tight with shut-
off valve.

5.8 Bottle—15-mL, screw-cap, with Teflon
cap liner,

5.9 Balance—Analytical. capabie of acou-
rately weighing 0.0001 g.

6. Reagents

6.1 Reagent water--Reagent water is de.
flned as a water In which an interferent is
not observed at the MDL of the parameters
of interest.

6.1.1 Reagent water can be generated by
passing tap water through a carbon filter
bed containing about 1 1b of activated
carbon (Filtrasorb-300, Calgon Corp.. or
equlvatent).

6.1.2 A water purification system (Milli-
pore Super-Q or equlvalent) may be used to
generale reagent water,

6.1.3 Reagent water may also be pre-
pared by boiling water for 15 min. Subse-
quently, while maintaining the temperature
at 8¢ "C, bubble a contaminant-free inert
gas through the water for 1 h. While still
hot, transfer the water to a narrow mouth
screw-cap bottle and seal with a Teflon-
lined septum and cap.

6.2 Sedium thiosullate—(ACS) Granulsr.

6.3 Trap Malerlals:

6.3.1 Coconut charcoal—6/10 mesh sleved
lo 26 mesh, Barnabey Cheney, CA-580-26
lob # M-2849 or equivalent.

6.3.2 2,6-Diphenylene  oxide polymer—
Tenax, (60/80 meshy, chromatographle
grade or equivalent.

6.3.3 Methy! silicone packing—349, OV-1
;)n tChromosorb-W (60/80 mesh) or equiva-

ent.

6.3.4 Silica gel—35/60 mesh, Davison,
grade-15 or equivalent.

6.4 Methanol—Pesticide quality or equiv-
alent,

6.5 Stock siandard  solutlons—Stock
standard solutions may be prepared {rom
pure standard materials or purchased as cer-
tified solutions. Prepare stock standard so-
lutlons in methano! using assayed liquids or
gases 25 appropriate. Because of the toxicity
of some of the organchalides, primary dilu-
tions of these malerials should be prepared
In 2 hood. A NIOSH/MESA approved toxie
£as resplrator should be used when the ana-

lyst handles high concentrations of such
malterlals.
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{38 FR 28758, Oct. 16, 1973, as amended at 41 FR 52781, Dec. 1, 1876; 48 FR 43251, 43258,
43258, Oct. 26, 1984; 50 FR 691, 692, 695, Jan. 4, 1985; 51 FR 23693, June 30, 1986; 52 FR 33543,

Sept. 3, 1987}

Epitorral NoTe: Information collection requirements contained in § 138.3(e} have not
been approved by the Office of Management and Budget and are not effective, pending

OMRB approval,
§136.4 Appfication for alternate test pro-
cedures.

(a) Any person may apply to the Re-
gional Administrator in the Region
where the discharge occurs for approv-
al of an alternative test procedure.

{b) When the discharge for which an
alternative test procedure is proposed
ocecurs within & State having 8 permit
program approved pursuant to section
402 of the Act, the applicant shail
submit his application to the Regional
Administrator through the Director of
the State agency having responsibility
for issuance of NPDES permits within
such State.

(¢} Unless and until printed applica-
tion forms are made available, an ap-
plication for an alternate test proce-
dure may be made by leiter in tripli-
cate. Any application for an alternate
test procedure under this paragraph
(¢} shall:

(1) Provide the name and address of
the responsible person or firm making
the discharge (if not the applicant)
and the appiicable ID number of the
existing or pending permit, issuing
agency, and type of permit for which
the alternate test procedure Is request-
ed, and the discharge serial number.

(2) Identify the pollutant or parame-
ter for which approval of an alternate
testing procedure is being requested.

(3> Provide justification for using
testing procedures other than those
specified in Tabie 1.

(4) Provide a detailed description of
the proposed alternate tesl procedure,
together with references to published
studles of the applleability of the al-
ternate test procedure to the effluents
in question,

(d) An application for approvai of an
alternate test procedure [or nation-
wide use mey be made by letter in trip-
licate to the Director, Envirenmental
Monitoring and Support Laboratory,
Cincinnat], Ohio 45268. Any applica-
tion for an alternate test procedure
under this paragraph (d) shalk

(1) Provide the name and address of
the responsible person or {irm making
the application.

(2) Identify the pollutant(s) or
parameter(s) for which nationwide ap-
proval of an alternate testing proce-
dure is being requested.

(3) Provide s detailed description of
the proposed alternate procedure, to-
gether with references to published or
other studies confirming the general
applicability of the slternate test pro-
cedure to the pollutant{s) or
parameter(s) In waste water dis-
charges from representative and speci-
fied industrial or other categories.

(4) Provide comparabllity data for
the performance of the propesed alter-
nate test procedure compared to the
performance of the approved test pro-
cedures.

(38 FR 28760, Oct. 16, 1873, as amended at
41 FR 52785, Dec. 1, 18761

§136.5 Approval of aliernnie test proce-
dures.

(a) The Regional Administrator of
the region in which the dlscharge will
occur has final responsiblilty for ap-
proval of any aliernate test procedure
proposed by the responsible person or
flrm making the discharge.

(b) Within thirty days of receipl of
an application, the Director will for-
ward such application proposed by the
responsible person or firm making the
discharge, together with his recom-
mendations, to the Reglonal Adminis-
{rator. Where the Direclor recom-
mends rejecltion of the applicallon for
scientific and teetinical reasons which
he provides, the Reglonal Administra-
tor shatl deny the application, and
shall forward a copy of the rejected
application and his decision to the Di-
rector ol the State Permit Program
and to the Director of the Environ-
mental Montitoring and Support Labo-
ratlory. Cincinnati.

(c) Before approving any applicaticn
{for an alternate test procedure pro-
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posed by the responsible person or
firmm making the discharge, the Re-
glonal Administrator shall forward a
copy of the application to the Director
of the Environmental Monitoring and
Support Laboratory, Cinclnnati.

(d) Within ninety days of receipt by
the Regionai Administrator of an ap-
plication for an alternate test proce.
dure, proposed by the responsibie
person or firm making the discharge,
the Reglonal Administrator shall
notify the applicant and the appropri-
ate State agency of approval or rejec-
tlon, or shall specify the additional in-
formation which i3 required to deter-
mine whether to approve the proposed
test procedure. Prior to the expiration
of such ninety day period, 2 recom-
mendatlon providing the sclentific and
other technical basis for acceptance or
rejectlon will be forwarded to the Re-
glonal Administrator by the Director
of ihe Environmental Monitoring and
Support Laboratory, Cincinnati. A
copy of all approval and rejection noti-
fications will be forwarded to the Di-
rector, Environmental Monitoring and
Support Laboratory, Cincinnati, for
the purposes of national coordination.

(e) Within ninety days of the receipt
by the Director of the Environmental
Monitoring and Support Laboratory,
Cincinnati of an application for an al-
lernate test procedure for nationwide
use, (he Director of the Environmen-
tal Monitoring and Support Laborato-
ry, Cincinnati shall notify the appii-
cant of his recommendation to the Ad-
ministrator to approve or refect the
application, or shall specify additional
information which Is required to de-
termine whether tc approve the pro-
posed test procedure. After such noti-
fication, an alternate method deter-
mined by the Administrator te satisfy
the applicable requirements of this
part shall be approved for nationwide
use to satis{y the requirements of this
subchapter; alternate test procedures
determined by the Administrator not
Lo meet the applicable requirements of
this part shall be rejected. Notice of
these determinations shall be submit-
ted for publication in the Feperar
REeGISTER not later than 15 days after
suc:; notlification and determlnation is
made,
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(38 FR 28760, Oct. 16, 1973, a8 amended
41 FR. 52785, Dec. 1, 19761 =t

APPENDIX A TO PART 136—METHODS
FOR ORGANIC CHEMICAL ANALYSIS
OF MOUNICIPAL AND INDUSTRIAL
WASTEWATER

METROD 601 —PuUrGEABLE HALOCARRONKS

1. Scope and Application
1.1 This method covers the determina-
tion of 20 purgeable halocarbons.

The following parameters may be deter-
mined by this method: o

Paramater STS'?:ET CAS No
Bromodichloromathane ... 21 75-27-4
Bromotorm 032104, .| 75-25-2
Bromomethane. . ... 34413 -B3-f
Carbon tetrachioride... 32162 ;;-gg-g
Chlorohenzens. 34301 109-90-7
Chioroathana.... .., . 343t1 75-00-3
2-Chlgroothybi 34576 100-75-8
Chlaratomn.. .. .. 32108 67-66-3
Chloromethane 34418 74-87-3
Dibromachloromathane 32105 124-43-1
1.2-Dichlorobenzena.... 34539 95-50-1
1,3-Dichlorobenzane. . 34566 541-73-1
1.4-Dichlorobenzans... 34571 106-46-7
Dichlorodifluoromethana . 4868 75-71-9
1,1-Bichloroethana , .., 34436 75-34-3
1,2-Owchiorgethane ... 34531 107-08-2
1,1-Dichloroethane ... 34508 75-354
trans.1,2-Dichloroethene. 34546 156-60-5
1,2-Dichiotopropane....., .. 34541 78.-87-5
<is-1,3-Dichloropropene 34704 10061-01-5
{rans-£,3-Dichlovopropene . . 34699 10061-02-8
Methylene chionde. 34423 75-09-2
1.4,2,2-Telrachloroethane J4516 79-34-5
Telrachloroathene . 34475 127-18-4
1,8, 1. Trichioroelhane _ 34508 73-55.48
1.5.2-Trichlotoethana, 34511 79-00-5
Tetraghloroetheng P J9180 79-01-5
Trichlpreflugromathanag ... J4488 75-69-4
Vinyt chioride 9715 75-01-4

L2 This is a purge and trap gas chroma-
tographic (GC) method applicable to Lhe de-
terminatlon of the compounds listed above
in municipal and Industrial discharges as
provided under 40 CFR 135.1. When this
method is used to analyze unfamiller sam-
ples for any or ail of the compounds above,
compound identifications should be sup-
potled by at least one addilional qualitative
technique. This method descrlbes analytical
conditlons for a second gas chromatogra-
phlc column that cen be used Lo confirm
measuremenls made with the primary
column. Method §24 provides gas chromato-
graph/mass spectrometer (GC/MS) condi-
tions appropriate for the qualitative and
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guantitative confirmation of results for
most of Lhe prrameters listed above,

1.3 The method detection lhmit (MDL,
delined in Section 12.1) * for each parameler
is listed In Table 1. The MDL for a specific
wastewnier may differ from thosc lsied, de-
pending upon the nature of interferences in
the sample matrix.

14 Any modifleation of this method,
beyond those expressly permitted, shall be
considered as a major modification subject
to application and approval of alternale test
procedures tinder 40 CFR 136.4 and 136.5.

1.5 This method Is restricted to use by or
under the supervision of analysis experi-
enced in the operation of a purge and trap
system and a gas chromalograph and in the
interpretation of gas chromalograms. Each
analyst must demonstrate the ability to gen-
erate accepiable results with this method
using the procedure described in Seclion 8.2.

2. Summary of Method

2.1 An inert gas Is bubbted through n 8-
mi, water sample contained in a specially-
designed purging chamber at ambient tem-
perature. The halocarbons are efficiently
transferred from the aqueous phase to the
vapor phase. The vapor is swept through a
sorbent trap where Lhe halocarbons are
trapped. After purging is compleled, Lhe
Lrap is heated and backfiushed with the
Inert gas to desorh Lhie halocarbons onlo a
gas chromategraphic colinnn. The gas chro-
matograph Is temperature programmed to
separate the halocarbons which are then de-
tected with z halide-spect{ic delector.” ®

2.2 The method provides an optional gas
chromatographic column thal may be help-
{ul in resolving the compounds of interest
from interferences Lthat may occur.

3. Inlerferences

3.1 Impurities in the purge gas and or-
ganic compounds outgassing from the
phumbing ahead of the Lrap account for the
majorily of contamination problems, The
analytical system must be demonstraled Lo
be free from coninmination under the con-
ditions of the analysis by running laborato-
ry reagent blanks as described in Section
8.1.3. The use of non-Tellon plastic Lubing,
non-Teflon Lhread sealants, or flow control-
lers with rubber components (n the purge
and trap system should be nvoided.

3.2 Samples can be conlaminated by dlf-
fusion of volallle organics (partirularly fino-
rorarhons and melthylene chloride) through
the senlum seal Hio Lhe sanple during ship-
ment and storage. A Tield reagent blank pre-
pared frotn reagent waler and carried
through the sampling and handling proto-
col ean serve as a check on such conlamina-
Lion.

3.3 Contaminalion by cary-over can
occur whenever high level and low level
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samples are seqguentially analyzed, To
reduce carry-over, the purging device and
sample syringe mist be rinsed with rengent
waler belween sample analyses. Whenever
an unitsualiy congentrated sample Is en-
cousplered, it should be followed by an anal-
ysis of reagenl water to check for cross con-
tamination. For samples conlaining large
amounts of water-soluble materials, sts-
pended solids, high boiling compounds or
high organchalide levels, it may be neces-
sary Lo wash oul the purging device with a
detergent solution, rinse it with distilled
water, and then dry it in a 105°C oven be-
tween analyses. The trap and other parts of
the system are alse subject to contamina-
tion; therefore, frequent bakeout and purg-
ing of the entire system may be required.

4. Safely

4.1 'The toxicity or carcinogenicity of
ench reagent used in this melhod has not
been precisely defined; however, each chem-
fcal compound should be treated ns a polen-
tial health hazard. From this viewpoint, ex-
posure to these chemleals must be reduced
to the lowest possible level by whalever
means available. The laboratory is responsi-
ble for maintaining a current awareness file
of OSHA regulations regarding the sale
nhandling of Lthe chemicals spectfied In this
method. A reference {He of material dala
handling sheets should also be made avall-
able Lo all personnel thvoived in the chem!.
cal annlysis. Additional references Lo Iaborn-
Lory salety are available and hrve been
identified *¢ for the informalion of the ana-
1yst.

4.2 The [ollowing parameters covered by
this method have been tentatively classified
as known or suspected, human or mammali-
an carcinogens: carbon ietrachloride, chlo-
roform, 1,4-dichlorobenzene, and vinyl chlo-
ride. I'rimary standards of these toxic com-
pounds should be prepared in 3 hood. A
NIOSH/MESA approved toxic gns resplra-
tor should be worn when the analyst han-
dies high concentralions of these toxlc com-
poulids

5. Apparalus and Malerials

5.1 Sampling cquipment, for discrete
sampling.

5.1.1 ¥ilal—25-mI, eapacity or Iarger,
cquipped wilth nserew eap wilh a hole In the
cenler (Pleree #13075 or equivalent). Deter-
el wash, rinse willls (ap and  distilled
waber, i dey al 105 °C before use.

5.1.2 Seplum-—Tellon-faced sliicone
(Picree #12722 or equivalent). Delergent
wash, rinse with lap and dislilled waler, and
dry al 105 “C for 1 h before use.

5.2 Purge and trap system—The purge
and Lrap syslem consisls of three scparate
pieces of equipment: a purging device, trap,
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and desorber. Several complete systems are
now commercially avallable.

5.2.1 The purging device must be de-
slgned to accept 5-mlL samples with a water
column at least 3 cm deep. The gaseous
]mnd sphace between the waler column and
the trap must have a totai volume of iess
than 15 mL. The purge gas must pass
through the water column as finely divided
bubbles with a diameter of less than 3 mm
at the origin. The purge gas must be intro-
duced no more than 5 mm from the base of
the waler column. The purgineg device illus-
l.;at.ed in Figure 1 meets these design crite-
ria.

5.2.2 The trap must be at least 25 cm
long and have an inside dizmeter of at least
0.105 in. The trap must be packed to contain
the following minimum lengths of adsorb-
ents: 1.0 cm of methyl silicone coated pack-
ing (Section 6.3.3), 7.7 cm of 2,6-diphenylene
oxide polymer (Section 6.3.2), 7.7 ¢m of
silica gel (Section 6.3.4), 7.7 cm of covonut
charcoal (Section 6.3.1). If it is not neces-
sary Lo analyze for diehlorodifiuorometh-
ane, the charcoal can be climinated, and Lhe
polymer section lengthened to 15 cm. The
minimum specifications for the trap are il-
lustrated In Figure 2,

5.23 The desorber must be capable of
rapldly heating the trap to 180 "C. The poly-
mer section of the irap should not be
heated higher {han 180 *C and the remain-
Ing sectlons should not exceed 200 "C, The
desorber jtlustrated in Flgure 2 meels these
design criteria,

6.2.4 The purge and trap system may be
Assembled a5 a scparate unil or be coupled
to a gas chtomatograph as {llustrated in Fig-
ures 3 and 4.

5.3 Gas chromatograph—An anaiytical
system complete with a temperature pro-
grammable pas chromalograph suitable for
on-column Injection and all required acces-
sorles including syringes, analytical coi-
umns, gases, detector. and strip-chart re-
corder. A data system is recommended [or
measuring peak areas.

6.3.1 Column t-—8 L long x 0.1 in. 1D
stainless steel or glass, packed with 1%, SP-
1000 on Carbopack B (66/80 mesh) or equiv-
alent. This column was used to develop the
method performance sialements in Seclion
12, Guidelines for the use of allernate
:gl;xmn packings are provided in Seclion

5.3.2 Column 2—8 ft iong x 0.1 in. ID
stainless sleel or glass, packed with cheomi-
cally bonded n-aclane on forasH-C (1007120
meah) or equivaient.,

§.3.3 Delector—Electrolylic conductivity
or mlcrocoulometric detector. These Lypes
of deteclors have proven effective in the
analysis of wastewaters for the parameters
listed In Lthe seope (Section 1.1). The clectro-
tyUe conductivity deteclor was used lo de-
velop Lhe method perlormance stalements
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in Section 12. Guidelines for the use of al-
i%r?ate detectors are provided In Section

54 Syringes—6-mL.  glass hypodermic
with Luerlok tip (two each), if applicable to
the purging device,

5.5 Micro syringes—25-uL, 0.006 in. ID
needle.

5.6 Syringe valve—2.way, with Luer ends
(three each).

5.7 Syrlnge—5-mL, gas-tight with shut-
off valve.

5.8 Bottle—15-mL, screw-cap, with Tellon
cap liner.

5.9 Balance—Analytical, capable of accu-
rately welghing 0.0001 g,

f. Reagenis

6.1 Reagent waler—Reagent water is de-
fined as a water in which an interferent is
nol, observed at the MDL of the parameters
of interest.

6.1.1 Reagent water can be generaled by
passing tap water through a carbon filter
bed containing about } lb of activated
carbon (Filtrasorb-300, Calgon Corp.. or
equivalent).

6.1.2 A water purilication system (Milli-
pore Super-Q or equivalent) may be used to
generate reagent water,

6.1.3 Reagenl water may also be pre-
pared by bolling water for 15 min. Subse-
quently, while maintaining the temperature
at 90 °C, bubble a contaminant-free inert
gas through the water for 1 h. While still
hiot, transfer the water to a narrow moitth
screw-cap bottle and seal wilth a Teflon-
lined septum and cap.

6.2 Sodium thiosulfale—(ACS) Granular.

6.3 Trap Materials

6.3.1 Coconut charcoal—6/10 mesh sieved
to 26 mesh, Barnabey Cheney, CA-580-26
lot, # M-2649 or equivaient.

6.3.2 2.6-Diphenylene  oxide
Tenax, (60/80 mesiy,
grade or equivailent,

633 Methyl silicone packing—37% OV 1
fm Chromoserb-W (60/80 mesh) or equiva-

ent,

6.3.4 Silica gel—35/60 mesh, Davison,
grade-15 or equivalent.

6.4 Mclhanol—Pesticide quality or equiv-
alenl.

6.5 Stock standard solutions—Stock
standard solutions may be prepared from
mure standard materials or purchased as cor-
Lilicd solullons. Prepare stock standard so-
lutlons I methanol usng assaved lignids or
gases as appropriale. Because of the toxicily
of some of the organchalides, primary dilu.
!.ions of these materinis should be prepared
in a hood. A NTOSH/MESA approved toxic
gas resplrator should be used whien the anp-
Iyst handles high concenlralions of such
malerials.

polymer—
chromatographic
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8.5.1 Place about 9.8 mi of methanol
Into a 10-mlL ground giass stoppered volu-
metrie flask. Atlow the flask to stand, un-
stoppered, for about 10 min or untli all alco-
hol wetted surfaces have dried. Weigh the
fiask to the iesrest 5.1 mg.

8.5.2 Add the assayed reference material

8.5.2.1 Ligquid—Using a 100 pL syringe,
immediately add two or more drops of as-
sayed reference material to the flask, then
rewelgh. Be sure that the drops fall directly
into the alcohol without contacting the
neck of the flask.

2.5.22 Gases—Lo prepare standards for
any of the six halocarbons that boil below
30 * C (bromomethane, chioroethane, chlor-
omethane, dichlorodifiuoromethane, trich-
lorofiuoromethene, vinyl chloride), i1l & 5
mh valved gas-tight syringe with the refer-
ence standard to the 5.0-mL mark. Lower
the needle to 5 mm sbove the methanol me-
nlscus  Slowly Introduce the reference
standard above the sutface of the lquid
(the heavy gas will rapidly dissolve into the
methanol).

§.5.3 Reweigh, dllute to volume, stopper,
then mix by Inverling the flask several
times. Calculate the concentration in ug/pl
from the net galn in welght. When com-
pound purlty Is assayed to be 96% or great-
er, the welght can be used without correc-
tion to calculaie the concentration of the
stock standard. Commercially prepared
stock standards can be used at any concen-
tration if they are certified by the maluiac-
turer or by an Independent source.

6.5.4 Transfer the stock standard solu-
tion into a Telion-sealed screw-cap bottle.
Store, with minimal headspace, at —10 to
—20 *C and protect from light.

8.5.5 Prepare fresh standards weekly for
the slx gases and 2-chlorocthylvinyl elher.
All other standards must be replaced after
one month. or sooner if compatison with
check standards indicates a problem.

6.6 Secondary dilutlon standards—Uslng
stock standard solutions, prepare secondary
dilution standards in methanol that conlain
the compounds of interest, elther singly or
mixed logether. The secondary dilution
standards should be prepered at concenlra-
tions such that Lhe agueous calibralion
standards prepated in Section 7.3.1 or T4.1
will bracket the working range of the ana-
1ytical systen:. Sccondary dilution standards
sitould be stored with minimal headspace
and should be checked frequently for slgns

of degradation or evaporation, esponinlly
Just prlor to preparing calibration slandards
from them.

6.7 Quslily control check sample concen-
trate—See Section 8.2.1.

7. Celibralion

%1 Asscmble a purge and trap system
that meets the specifications in Section 5.2.
Condition the trap overnight al 180 ‘C by
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backflushing with an inett gas flow of at
least 20 mL/min. Condition the trap for 10
min once dally prlor Lo use.

7.2 Connect the purge and trap system to
a gas chromatograph. The gas chromato-
graph must be opersted using temperature
and flow rate conditions equivalent to those
glven in Table 1, Calibrate the purge and
trap-gas chromatographic system wusing
either the external standard technique (Sec-
tion 7.3) or the internsl standard technlque
(Seclion 7.4).

7.3 External standard calibration proce-
dure.

7.3.5 Prepare calibration standards at a
miminum of three concentration levels for
each parameter by carefuliy adding 20.0 N
of one or more secondary dilution standards
to 100, 500, or 1000 mL of reagent water. A
25-pL syringe with & 0.006 in. 1D needie
should be used for this operation. One of
the external standards should be at & con-
centration near, but above, the MDL ('I'able
1) and the other concentrations should cot-
respond to the expected range of concentra-
tions found in real samples or should define
the working range of the detector. These
snueous standards can be stored up Lo 24 h,
il held in sealed vials with zero headspace as
described in Section 9.2. I not so stored,
they must be discarded after 1 h.

7.3.2 Analyze each calibration standard
according to Sectlen 10, and tabulale peak
height or area responses Versus the concen-
tration In the standard. The results can be
used to prepare a calibration curve for each
compound. Alternatively, if the ratio of re-
sponse to concentration ¢calibration factor)
is a constant over the working range (< 10%
relative standard deviation, RS, linearity
through the origin can be assumed and the
average ratlo or calibraltlon factor can be
used in place of & calibration curve.

7.4 Inlernal standard callbration proce-
dure~-To use this approach, the nanalyst
must select one or more internal standards
that are similar In analyiical behavior to
the compounds of Intrrest. The analyst
must further demonstrale that the meas-
urement of the internal standard is not. af-
fecled by method or matrix interierences.
Decause of these lmitalions, ne internal
standard can be suggested that is applicable
to all samples. The compounds recommend-
ed for use as surrogate spikes ln Seclion 8.7
nhave been used successfully as internal
standards, because of ihelr generally unlque
retenlion Limes,

7.4.1 Prepare calibration standards rL 0
minimum of Lhrec concenlration levels {or
cach parameter of Intercst as described in
Section 7.3.1.

7.4.2 Prepare a spiklng solution contain-
Ing each of Lthe Inlernrl standnrds uslpg the
procedures described In Sections 6.5 and 6.0,

1L Is recomnended that the secondary dilu-
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tion standard be prepared at a co
tion of 15 pg/ml, of each internal s?.:?::lt::d
cgmpound. The addition of 10 ul of this
standard to 5.0 mL of sample or callbration
standard wouid be equlvalent to 30 pg/L.
7.4.3 Analyze each calibration standard
according to Section 10, adding 10 pL of Inn‘:
ternal standard splking solution directly to
the syringe (Section 10.4). Tabulate peak
:l[eight or areg responses agalnst cohcentra-
on for each compound and Internal stand-
ard, and calculate response factors (RF) for
each compound using Equation 1.

{ANCy)
(A XC))
Equatfon 1
where:
A,~Response [or the
Ay parameter to he

A,=Response for the internal standard.
Cl;;s;:oncentrauon of the internal stand-

C,=Concentration of the
= Concent parameter to be

If the RF value over the workin
ral

constant (< i0% RSD), the RFgcann%i h;s‘T
sumed to be inverfant and the averrge RF
can be used for calculatlons. Alternatively
the resulis can be used to plot a calibrntlon'
curve of response ratlos, A,/A,,. vs. RF.

b7.5 The working calibration curve, call-
e;;tion fl::.;::tor. ot RF tust be verlfied on

h working day by the meas
QC check sample, urement of &

7.5.1 Prepare the QC check
scribed In Section 8.2.2. sample as de-

7.8.2 Analyze the
cording to Section IO.QC check sample ac-

7.5.3 For each parameter. com
response {(Q) with the correspgnd;;g;e c'a;.}]lle-
bration acceptance crileria found in Table 2
If the responses for all parrmeters of jnler-
est fall within the deslgnaled ranges, analy-
sls of actual samples ean begin. If :u'w indi-
vidual Q falls oulside the range, proceed ac-
cording to Sectlon 7.5.4. )

Notg: The large number of

parameters i
Table 2 present a substantial probabiiltg
that one or more will not meet the calibra-

tion acceptance crileria when all paramelers

7.5.4 Repeal the test only for thos
remelers thal fatled Lo meel Lhe cai]brgur:);
acceptance criteria. If the response for 2 pa-
rameter does not fall within the range in
this second test, 2 new callbration curve,
calibration factor, or RF must be prcmrcd'

;t;r'zgtah parameter according to Section 7.3
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8. Quality Control

8.1 Easch laborator
¥ that wuses
ﬁxethod Is required to operate a formatl thr;lﬁ
¥ control pregram. The minimum require-
gwnts of this program consist of an initigt
emonstration of laboratory capability a.nd
an longoﬁing anaiysis of splked samples to
evaluale and decument data quallty. The
:ﬁgg{afgry ml;ist maintain records to docu
e quaiity of data that (s .
Ongolng data quality checks by
are
t:wlth lestab]lshed performance cr[tecr[i);n E: ?:»
en;'l ne I the resulls of analyses meet Lhe
1‘:;}'1 :;m;::;ﬁ tschmiacteﬂst.ics of the method
of sample spikes .
atypical method performance, a qualﬁg’:;?
trol check standard must be analyzed to
goniirm that the measurements were per-
o;r;:eid 1.11-: I:m in-control mode of operation
Lk € analyst must make an | ;
one-time, demonstration of ihe abiiiltl.gm:,:;
gei?t?r?te accepiable accuracy and preeision
W his method. This abllity is established
a.ssd;escribed [n Section 8.2. )
.12 In recognition of advance
s th
occurring in chromatography, the ana?;s:rlg
permitled certain options (detalied In See-
tion 10.1) to improve the separations or
lower the cost of measurements. Each time
iﬂghaa r!nor:iiﬂcation is made to the method
nalyst is required :
dure in Section 8.2. o repeat the proce-
8.1.3 Each day, the anal
. yst must analyz
?n {:g{g(]a_nt water biank to demonsl.ra.leau}:::
erences from ti
texferences | e analytical system are
8.1.4 The laboratory must
58, on an ongol
basis, spike and analyze a minimum orgc;()n?g
g;tuolrlysst]mfles to monitor and evaluate labo‘z
ata quality. Thi:
scribed In Section 8.3, ® procedure Is de-
8.1.5 The laboralory must, on w
: st. n ehgol
basis, demonstirate through the anaiy:cz ‘:::'
quality control check standards that the op-
eration of the measurement system is In
control. This procedure Is described In See-
tlon 8.4. The frequency of the check stand-
ard analyses Is equivalent Lo 102 of all sam-
ples analyzed but may be reduced if splke
recoverlc_s from samples (Sectlon 8.3) meet
al:aslpsec[hcd qualily control criteria,
.1.6 The laboratory must maintai
L n -
L?rg;izc:h r:ciords to document Lhe quari’?t;
t at is generaled, Thi
described in Section 8.5. Is procedure Is
8.2 To establish the abilits
5 y Lo gen
accepiable accuracy and preelsion. %hocr::‘rf
Iyst must perform Lhe following operations.
821 A aqusiity conirol (QC) check
sample concentrate is required contalning
:ach parameter ol interest at a concentra-
fon of 10 ug/mL in methanol. ‘The QcC
check sample congentrate must be ebtained
from the U.S. Environmenlal Protection
Agency. Environmental Monitoring and
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Support Laboratory in Cincinnatt, Ohio, if
available, If not avallable from that source,
the QC check sample concentrate must be
obtained from another external source. If
not avallable from either source above, the
QT check sampie econcentrate must be pre-
pared by the laborastory using stock stand-
ards prepared independently from those
used for callbration.

8.2.2 Prepuare a QC check sample to con-
tain 20 pg/L of each parameter by adding
200 pl of QC check sample concentraie to
100 mi of reagent water.

8.2.3 Aunalyze four 5-mL aliquots of the
well-mixed QC check sample according to
Section 10.

8.2.4 Calculate the average recovery ()
in pg/L, and the standard deviation of the
recovery (s} in pg/L, for each parameter of
interest using the four resuits.

8.2.5 For each parameter compare s and
® with the corresponding acceptance crite-
ria for precision and accuracy, respectively,
found in Table 2. If s and X for ail param-
eters of interest meet the acceptance crite-
ria, the system performance fs acceptable
and analysis of actual samples can begtin. If
any individual s exceeds the precision Hmit
or any individual X falls outside the range
for accuracy, then the system performance
is unscceplable for that parameter.

Note: The large number of parameters in
Table 2 present a substantial probablliity
that one or more will fail at least one of the
acceptance criteria when all parameters are
analyzed.

8.2.6 When onec or more of the param-
eters tested falil at least one of the accepl-
ance criteria, the analyst must proceed ac-
cording to Sectlon 3.2.6.1 or 8.2.6.2,

8.2.6.1 Locate and correct the seurce of
the problem and repeat the test for all pa-
rameters of interest beginning with Section
8.2.3.

§.2.6.2 Beginning with Section 8.23,
repeat the test only for those parameters
that falled to meet criteria. Repeated fail-
ure, however, wiil confirm = general prob-
lem with the measurement system. If this
occurs, locate and correct the source of the
probiem and repeat the test for all com-

pounds of interest beginning with Sectioen
8.2.3.

8.3 The laboratory must, on An ongolng
basls, spike af least 107% of the samples from
each sample site being monltored Lo assess
accuracy. For laboratotles analyzing one to
ten snmples per month, at least one spliked
sample per month is required.

8.3.1 The concentration of the splke in
the sample should be determined as follows:

8.3.1.1 If, as !n compliance monitoring.
the concentration of a specilic parameter in
the sample Is being checked aralnst g regu-
jatory concentration limit, the splke should
be at that limit or 1 to 5 times higher than
the background cencentration determined
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in Sectlon 8.3.2, whichever concentration
would be larger.

£3.1.2 If the concentration of = specific

parameter In the sample is not being
checked against a Hmit specific to that pa-
rameter, the spike should be at 20 pe/Lor 1
to 5 times higher than the background con-
centration determined in Section B8.3.2,
whichever concentration would be larger.

8.3.2 Analyze one 5-mL sample siiguot to
determine the background concentration
(B) of each parameter. If necessary, prépare
a new QC check sainpie concentrate (Sec-
tion 8.2.1) appropriate for the background
concentrations in the sample, Spike a
second 5-mL sample allquot with 10 pL of
the QC check sample concentrate and ana-
lyze it to determine the concentration after
spiking (A) of each parameter. Calculate
each percent recovery (P) as 100¢A-BY%/ T,
where T Is the known true value of the
spike.

8.3.3 Compare the percent recovery (P)
for each parameter with the corresponding
QC acceptance criterla found in Table 2.
These acceptance criteria were calculated to
inciude an allowance for srror in measure-
ment of both the background and spike con-
centrations, assuming a splke to backgrournd
ratio of 5:1. This error will be recounted for
to the extent that the analyst's spike to
background ratio approaches 5:1.7 I spiking
wns performed at & concenlration lower
than 20 pg/L, the annlysi must usc either
the QC acceptance criteria in Table 2, ot op-
tional QC acceptance criteria calculated for
the specific spike concentration. To calcu-
late optional acceplance criteria for the re-
covery of a parametier: (1) Calculale accura-
cy (X'} using the equation in Table 3, substi-
tuling the spike concentration (T) for C; ()
cailculate overall precision (57 using the
equation in Table 3, substituting X' for X;
(3) calculate the range for recovery at the
spike concentratien as (100 X/ T)E2.440100
5/T%.7

8.3.4 If any individual P {alis outside the
deslgnated range for recovery, that parame-
ter has falled the acceplance criterla A
check standard contalning each parameter
Lhat failed the criteria must be analyzed as
described In Section 8.4.

8.4 If any paramecter fails Lhe acceptance
criteria for recovery In Scclion 8.3, & QcC
chieck standard contalning each parameler
thnt falled must be prepared and annlyzed.

Note: The lrequency for the required
nnalysis of & QC check standard will depend
upoli the number of paramelers being si-
multancously tested, the complexity of the
snmple matrix, and Lthe performance of the
Iaboratory. If the enlire list of parameters
in Tnble 2 must be messured in the srmple
i Section 8.3, the probabllity that the annl.
ysis of a QC check standard wiil be required
Is high. In this case the QC check standard
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should be routine
spél;ecll oy ty analyzed with the
4.1 Prepare the QC check standard

adding 10 pL of QC check sample conce‘g
trate (Section 8.2.1 or 8.3.2) to 5 mL of rea-
gent water, The QC check standard needs
only to contain the parameters that failed
criterla in the test in Section 8.3.

8342 Analyze the QC check standard to
determine the concentration measured (A)
of each parameter. Calculate each percent
recovery (P,) as 100 (A/T)%, where T It the
true value of the standard concentratlon.

8.4.3 Compare the percent recovery (P,)
for each parameter with the correspondihg
QC acceptance criteria found in Table 2,
Only parameters that failed the test in See-
tion 8.3 need to be compared with these cri-
teria. If the recovery of any such parameter
falls outside the deslgnated range, the labo-
ratory performance for that parameter is
judged to be out of control, and the problem
mist be Immediately identified and correct.
ed. The analytical resuit for that parameter
R:hbe uns[:t[k';el:‘li s‘gmpie Is suspect and may

e reported for reguiato
Do ot [ Tty compliance

8.5 As part of the QC program for the

Iaboratory, method accuracy for waslewater
samples must be assessed and records must
be maintained. After the analysis of five
splked wastcwatler samples as in Section 8.3,
calculate the average percent recovery (B)
and the standard deviation of the percent
recovery (s,). Express the accuracy agsess-
ment as a percent recovery interval from
P-25, to P25, If P=00% and 5,-:10%, lor
example, the accuracy interval is expressed
25 70-110%. Update the accuracy assessment
for each parameter on a regular basis (e.g.
afler each five to ten new accuracy meas-
urgrsnentsi).

.6 It is recommended that the laborato-

ry adopt additional qualily assurance p?:g-
tices for use with this method. The speeific
practices thal are most produciive depend
upon the needs of the laboratory and the
nature of the samples. Field duplicates may
be analyzed to assess the preclsion of the
environmental measurements. When doubl
exists over the identification of z peak on
the chromatogram, confirmatory techniques
such as gas chromatography with a dissimi-
lar column, speciiic element detector, or
mass spectrometer must be used. Whenever
possible, the laboratory should anaiyze
.;tﬁndalrd rcil'crentce malerinls and parlici-

€ In relevan T

e e periormance evaluation

8.7 The annlyst shoulid monitor both the
berformance of the analytical system and
t,l}e effectiveness of the method in dealing
with each sample matrix by spiking each
sample, standard, and reagent water blank
with surrogale halocarhons. A combinntion
of bromechloromethane, 2-bromo-l-chloro-
propane, and 1,4-dichlorobutane is recom-
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mended {o encompass the range of th
perature program used in this mgtt&m
From stock standard solutions prepared ns
in Section 6.5, add a volume to give 750 2
of each surrogate to 45 mL of reagent wat':zr
contained in a 50-mL volumetris flagk, mix
ang dilute to volume for a concentmt.l;)x:tnt;)?
15 ng/pLl. Add 10 pl of this surrogate spik-
Ing solution directly into the 5-mlL syringe
with every sample and reference standard
analyzed. Prepare a fresh surrogate spiking
solution on a weekiy basis. If the internal
standard calibration procedure is being
used, the surrogate compounds may be
added directly to the internal standard spik-
ing solution (Section 7.4.2).

9. Sample Collection, Preservation, and
Handling

9.1 All samples must be iced or ref
ated from the time of collection untii arrixg‘l:;-
sis. If the sample contains free or combined
chlorine, add sodium thiosulfate preserva-
tive (10 mg/40 mL is sufflelent for up to §
ppm Cl) to the empty sample bottle just
prior to shipping to the sampling sile. EPA
Melheods 330.4 and 330.5 may be used for
measurement of residual chlorine.® Field
test kits are available for this purpose.

$.2 Grab samples must be collected in
glass contalners having a total volume of at
least 25 mL. Fill the sample bottle just to
overflowing In such a manner that no alr
bubbles pass through the sample as the
botile is being filled. Seal the bottle so that
ne air bubbles are entrapped in it. If pre-
servative has been added, shake vigorously
for 1 min, Maintain the hermetic seal on the
sa;nple bottle until time of analysis.

.3 All samples must be anal
14 days of collection.? yred within

18 Procedure

10.1 Table 1 summarizes the recommend-
ed operating conditions for the gas chro-
matograph. Included in this lable are esti-
mated retention times and MDL that can be
achieved under {hese conditlons. An exam-
ple of the separations achieved by Column 1
is shown in Figure 5. Other packed columns
'clhrorgatogrgp‘?ic condilions. or detcctorﬁ

1ay be use the requi
Bt ¢ requirements of Seclion

10.2 Calibrate the s i
scribed Inn Section 7. ystem daily as de-

10.3 Adjust Lhe purge gas (nitr
hellum) flow rate Lo 40 mljmin. Al,t(:xgcel?u?;
Lrap inlet to Lthe pureing device, and set the
purge nnd Lrap syslem Lo purge (Figure 32
Open the syringe valve located on the purg:
ing device sample Introduction needle.

10.4 Allow the sampic to come Lo ambl-
entb temperature prior Lo introducing 1t to
the syringe. Remove the plunger {rom a 5-
mis; syringe and attach a closed syringe
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valve. Open the sample bottle (or standard)
and carefully pour the sample into the sy
ringe barrel to just short of everfllowing. Re-
place the syringe plunger and compress the
sample. Open the syringe valve and vent
any residual afr while adjusting the sample
volume to 5.0 mL. Since this process of
taking an aliquot destroys the validity of
the sample for future analysls, the analyst
should fill a second syringe at this time to
protect sgainst possible loss of data. Add
10.0 pL of the surrogate splking solution
(Section 8.7) and 10.0 pL of the internal
standard spiking solutlon (Section 7.4.2), i
applicable, through the valve bore, then
close the vailve.

10,5 Attach the syringe-syringe valve as-
sembly Lo the syringe valve on the purging
device. Open the syringe valves and inject
the sample into the purging chamber.

10.8 Close both valves and purge the
sample {for 11.840.1 min at amblent, temper-
ature,

10.7 After the 1l-min purge time, attach
the trap to the chromatograph, adjust the
purge and trap system to the desorb mode
(Figure 4), and begin to temperature pro-
gram the gas chromatograph. Introduce the
trapped materials to the GC column by rap-
idiy heating the trap to 180 *C while back-
{lushing the trap with an inert gas between
20 and 60 mL/min for 4 min. If rapid heat-
ing of the trap cannct be achieved, the GC
column must be used as a secondary trap
by cooling it to 30 *C (subambient tempera-
ture, if poor peak geomeltry or random re-
tention time probiems persist) instead of
the initial program temperature of 45 °C

10.8 While the trap is being desorbed
Into the gas chromatograph, empty the
purglng chamber using the sample introdue-
tion syringe. Wash the chamber with two 5-
ml: flushes of reagent water.

10.9 After desorbing the sample for 4
min, recondition the trap by returning the
purge and trap system to the purge mode.
Wwait 15 s then close the syringe valve on
the purging device to begin gas [low
through the trap. The trap temperature
should be maintained at 180 *C Alter ap-
proximately 7 min, turn off the trap heater
and open the syringe vaive to stop Lhe gas
fiow Lhrough the trap. When the Lrap is
cool. the next sample can be analyzed,

10.10 ldentify the parameters in the
sampic by comparing the retentlon Limes of
the penaks in the sample chromatogram with
those of the peaks In standard chromato-
grams. The width of the retentlon timc
window uscd to make identifications should
be based upon measurements of actual re-
tention time variations of standards over
the course of a day. Three Limes the stand-
ard deviation of a retentlon time for a coin-
pound can be used {o calculate a suggested
window size; however, the experlence of the

40 CFR Ch. | (7-1-88 Edition)

analyst should weigh heavily in the inter-
pretation of chromatograms.

10.11 If the response for 2 peak exceeds
the working range of the syslem, prepare a
dilulion of the sample with reagent water
{from the aliguot in the second syringe and
reanalyze.

11, Caleuiations

11.1 Determine the concentration of indi-
vidual compounds in the sample.,

11.1.1 ¥f the external standard callbra-
tion procedure s used, calculale the concen-
tration of the parameter being measured
from the peak response using the calibra-
tion curve or calibration factor determined
in Section 7.3.2.

11.1.2 If the internal standard calibration
procedure is used, calculate the concentra-
tion in the sampie using the response factor
(R¥) deiermined in Section 7.4.3 and Equa-
ton 2.

Equatlon 2

(ANC,,)
Conceatration (pg/l) = ———————
(AL XRF}
where:
A,—Response for the paramefer to be
measured.

A,=Response for the internnl standard.

C,,—Concentration of the internal stand-

ard,

11.2 Report results in pg/L without cor-
rectiont for recovery dala. All QC data ob-
tained should be reported with the sample
results.

12. Method Performance

12.1 The method detection Hmit (MDL) is
defined as the minimum concentration of a
substance that can be measured and report-
ed with 99% confldence thal Lhe vailue Is
above zero, ' ‘The ML conceniration ilsted
in Table 1 were obtalped using reagenl
waler. ", Similar resulls were achicved using
representalive wastewalers. The MDI, actu-
ally nchieved In n glven anatysis wlll vary
depending on inslrument sensitlvity and
malrix eflects.

12.2 This method Is tecommended for
use In Lhe concentration tange from the
MDL to 1000xMDL. Direct rqueous injec-
tion techniques shoutd be used Lo measure
concentration levels above 1000 xMDIL.

12.3 This method was tested by 20 lab-
oratories using reagent water, drinking
water, surface water, and three Industirial
waslewnters splked al 5ix concentrations
over Lhe range 8.0 to 500 pue/L.* Single oper-
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ator precislon, overail precision, and method
accuracy were found to be directiy related
to the concentration of the parameter and
essentially independent of the sample
matriz. Linear equations to describe these
relationships are presented in Tahle 2,
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TaBLE 1.—CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION Limits

Paramaler Retenton tme {min) Mathod detection
Column 1 Column 2 ot (ug/L}

Chioromethang...— .. e

Bromomethana. . ..... ... ;fg Tor e
DichlorediMsaromethans 262 n; . ot
Vi hieride ... ..... ... 18
Chimosthang b s 0%
Mothylene chioride .. . :gs oy 058
Trichlorofiscromethana 718 o i
1.1-Dichloroethene ... 7-93 " "
1.1-Dichiotothang . - 930 26 dor
Irans-1,2-Drchloroathen 101 Ts ga 010
Chiorolorm .., ... oo
1.2-Dschloroethane .., :?: iy oo
1,.1.1-Tnchloroothane .., . .. 126 a1 00
Cartzon lowachloide 130 by ot
Bromodichloromethana 137 18 o
1,2-Dichloropropana 149 :‘ . o0a
mﬁ;ﬁc:lmopropene.. 152 1§g gg:

oathens. ...

Dibromochloromethana |, :g: s 000
1,1,2-Trichloroethana 165 :: ? 008
Imns-l.a-Drch!Ploptopma... %5 180 b
s{mlovroerhylwnyl elher . 180 nd- (n) fg

rOmoloem s & e
1.1.2.2-Telrachlvoathane ;? : b 008
Tolrachiorosthene ... 217 Tg o a0
Chiorobe o2
13 M::xnzom ?s: g ;8 p oo
J 4 24

2-Dichiorobenzene ... 349 235 g ?g
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TABLE 1.—CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION Limirs—Continued

Paramator Retanlion time {min) | uethod detection
Cowmnt |  Cowmn2 Tt (/L)
1,4-DIChiOObANZANG ... wowr cosemssiss comemmmmim 00 . 354 l 223 0.24

Column 1 condions, Garbopack B (60780 mesh) coaled with 1% SP-1000 packed In an B 1t x 0.1 in, ID stainless stael or
glass column with helurn carear gus at 40 mL/min llow rate Column temperalure hald at 45 *G for 2 min then programmed at

*C/min to 220 "C and held for 5 min,

Column 2 condilions- Ponsit-G (1007120 mash) eoated with n-oclane packed ina 6 Hx01 In. ID stamless gtee] or glass
column with helwm carmer gas sl 40 ‘milfmin flow rate Column temperature held at 50 “C for 3 min then programmed 216 G/
min to 170 *G and heid Tor 4 min.

nd == ot getermined.

TABLE 2.—CALIBRATION AND QC ACCEFTANCE CRITERIA—METHOD 601*

Range for @ | Limitfor s | Wangs for R | Renga P,
Parameter Ro/L] mtere | e | Fow
firomodichicromethane. 152-248 43 10,7-320 42-172
Bromolon® . . ... v 147-253 A7 590-20.3 13-159
Bromomalhane . 117-283 76 34.245 D-144
Carbon tewachionde . 137-263 56 118-253 43-143
Chlprobanzene . 144-256 50 102-274 38-150
Chloroathane . . . - 154-246 44 1123-252 46-137
2.Chiproothyhanyl sther 120-200 B3 A5-3558 14-186
Ghiorotorm .. .o 15.0-250 45 j24-240 4913
Chioromsthang, . - 119-261 T4 D-349 0-i93
Drbromochloromethane 13 i-269 63 7.9-351 24-191
1,2-Oichlorobenzena. 140-260 55 17-089 D208
4.3-Dichlorcbenzane. 9.9-30.1 91 62-326 7-187
1,4.Dhchlorobenzena. . 139-261 55 115-255 42-143
1,8-Drchlgroethana . .. 168-232 32 112-246 47-132
1,2-Dichloroethane . ... 143-257 52 130-265 51-147
1,1-Dichlorosthene .. 126-274 66 102-273 28-167
trans-1,2-Dichlorosthene 129-272 64 134-27 38-155
1,2-Dichigropropane... t48-252 52 101-299 44-156
cis-1,3-Dichloropropene . . 128-272 73 §2-338 22-178
trans-1,3-Dichloropeopene... 129-272 73 62-338 22-178
Methylene chlonde .. ...- 155-24.5 40 79-276 25-162
1,1,2.2-Tatrachlorgothane, 98-302 92 66-218 8-184
Tatrachloroathens, ... 140-260 54 81-296 26-162
11,1 Trichiproethang - . 142-258 49 100-248 41-138
1,1.2-Tnchloroethane . .. - 157-240 39 96-254 39138
Trichtorosthene e 154-246 42 92-266 25-146
Trichiorofiuoromathana P ' 123-26.7 60 7.4-201 211 gﬁ
ymyl chlorde ... o s Ce . 137-263 5.7 B.2-29.9 28-163
I | | sems| @0

e e —a

—_——
+ Cetena weta calcufated nsqumgg a QG check sample concentration al 20 pg/L.
Q ~Conceniralioft measured in check sampla, in pgfl. {Secon 7 53).
s Standard deviabon of four recovery mepsuroments, in pg/L {Socton 82 4
3 — Avernge recovery for Sour recaovary measurements, in pg/L {Soction 8.2.4).
P, P,—Percanl recovery measured {Secton 8.3.2, Secton B 4.2}
D = Deleciad, result mus! ba greater than zera.

NotE These criteria are pased directiy upon {the method performance data in Table 3.
Where necessary, the limils for recovery have bren broadened to sssure applicability of the
limits to concentrations below those used Lo develop Table 3.

TABLE 3.—METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONGENTRATION-—METHOD 601

Accuracy, as

Swgle analyst
Patameter recovery, % {9/ precision, l;, M.;n (rgﬁ;m
8] {pg/L)
Beamodichloromethano . . .o n 112C 102 o111k 004 020X +100
Bromoloim . . - . |vasc 205 0.12% 4058 g218+241
Bromomethang .. L.]orec-127 ©28% 5027 0368 £ 0.94
Carbon letrachioride . .10.98C-1.04 0.15% 1 0.38 0208 +9.39
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- C CY AND ECISION AS i Col —
MEIH()”AC URACY AN FF! FUNC‘ ONS OF NCENTRATION. MEIHOU

TABLE 3.

Paramet A L
ameter recovers ¥ o Singla analyst
Y, X (g’ précision, s,” Owerall pracision,
S & (pg/Ly $ {ngry
Choroathene 100G
RETLET TV - . = ‘123
2-Chioroethylviryl ether » 0.99C—1.53 9.15%-0.02 018%+1.21
ghk’m‘m toos " g.ug-o. 13 6178 40,63
Hlon : o '
Dlhwm,;;m - 0.93C-0.3% 013X 4015 0.25%
O ormochioromathe ne E g';zg :g;g 0.28% 0,24 g.;gg 1? g?
:.3:g!Chfombenzsne -1 @ 930-{.1'70 gi‘.‘;§+; o7 Sz42+ 168
1.1-Dichlotactine 3“’"’“”‘3 °~”2:2.:; 3'3’“‘6 1
12.Bichioroethane . 2o g;g_ '13 o 0.15% 4.0.26 0. §§§ 1- g‘f‘
+2 DiaHIOIOOtaNS . ~1.08 0.00% 410 17 by -1
L4 Dicthosoethons._ ;-g;c—'-!?ﬁ 0.11%+0.70 o':gw ot
2 oethens,, C—087 . ] s
1.2-Dichloropropane ™ .. 0.97G--0.18 g'ﬂ;\uo pis 20X -0.40
gis1.8ichirepropans orax 017%+1.48
S e Jum o
g e 100C - TOA 0.32%
“l' :f.?:elmchioroelhene . [ 081C-093 g :?; ga2x
1.1 'asr :2.""9"‘%3.. -{ 095C +0.19 0 14R+g33 onxi1a
1'1'2.1:5 h,'“"’e“wne -[#94G+ 006 0 MR:O ;; Ja0k1279
e rc ;roathane, 080C -0 16 01584004 018K 41221
Trlchlgroﬁl 878 . ... -1 986C+ 030 012%_014 ba0xi0m
Tictdoroftucrormelleng 4087C+048  |013%_o0 ooy
A ChIOHEE e+ s s 089G-0.07 015R106? g0t
§'=Expecled recovery for one or mora m OoTe 0% 013k + 065 g:ggig 3;
= ea
Expected single " analyst standard dev?:t,i?):mg}s o! & samplo containing a corgantra

measuram shibdated
er:llf ;lt :‘r‘i average concenlralionnlxl.?n:i- of & in ug/
ga Cor on found of X, in ﬁg:'ﬂ

S'=Expecled inteclabol

i ratory slandard {

g;;‘r't:a\ugus for the concentration, r:: ug?{'am of

X Eahmn!gs 'r’oc:vdary tound {or muasuromanfs of sam|
ased upon the porformance in a single |

ples conlmni N
aboralorye o ¢ Co o aton of C, in g/l
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OPTIONAL PACKING PROCEDURE o
FOAM ~—EXIT % IN. j NSTRUCTION
TRAP 0.D. GLASS sum 74 /FOOT 1] _COMPRESSION
—=-144M 0. D. wooL % RESISTANCE | FITTING NUT
ACTIVATED WIRE WRAPPED | 3 AND FERRULES
INLET % IN. CHARCOAL 7.7CM soLID =~ L.
—~— 0.D. | (DOUBLE LAYER]
7 7 1 THERROCOUPLE/
' _-SAMPLE INLET b § q sEnson
!l ©=—2-WAY SYRINGE VALVE GRADE 15 7cm§ 15CM_| 4 ELECTRONIC
~—17CM. 20 GAUGE SYRINGE NEEDLE SILICA GEL™ "'\ DN ATDPERATURE
wiNe _ o fl JHLN6MM. 0. D. RUBBER SEPTUM IN 7A/E00T] ? AND
0. D. EX{T +]  RESISTANCE /" |PYROMETER
10MM. 0. 0.  1/16 IN. O.D. | <1  WIRE WRAPPED|
f ¢ STAINLESS STEEL TENAX 7.7 CWL SOLID | 1 b | ooanG zech
# (SINGLE LAYER) < ' - 1.D.
'/4 IN. (4] D 9 0V-1 r ‘__‘ BCM"" 0.12% IN. 0.D.
g cLass woor M [ q STAINLESS STEEL
° TRAP INLET
= 13X MOLECULAR
= GAS FILTER desorb capability struction to include
=
{ PURGE GAS
. FLOW
CONTROL
10MM GLASS FRIT -
MEDIUM POROSITY
Figure 1. Purging device.
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CARRIER GAS FLOW CONTROL
PRESSURE REGULATOR N~ ]

LiQuiD INJECTION PORTS
~ COLUMN OVEN

~— CONFIRMATORY COLUMN
10 DETECTOR
{ " ANALYTICAL COLUMN

\ OPTIONAL 4—PORT COLUMN
SELECTION VALVE

TRAP INLET

RESISTANCE WIRE

~~HEATER CONTROL

PUARGE GAS
FLOW CONTROL

13X MOLECULAR
S1EVE FILTER

Note:ALL LINES BETWEEN

TRAP AND GC
;‘g‘fg‘és SHOULD BE HEATED
10 80°C

Figure 3. Purge and trap system-purge mode.

FLOW CONTR LIOUID INJECTION PORTS
FLOW CONTROL S LN OVEN
::E?B:fon ‘é—d‘LI'LI'U‘-Il CONFIRMATORY COLUMN
] J70 DETECTOR

T~ ANALYTICAL COLUMN

OPTIONAL 4-PORT COLUMN
SELECTION VALVE
AS 6.PORT TRAP INLET
PURGE GAS VALVE _JRESISTANCE WIRE

FLOW CONTROL

P HEATER
TRAP (o) CONTROL
13X MOLECULAR 180°C
SIEVE FILTER ,
Note:
ALL LINES BETWEEN
PURGING TRAP AND GC
~ DEVICE SHOULD BE HEATED
70 8G°C.

Figure 4, Purge and trap system - desorb mode.
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MeTHOD 602—PURGEABLE AROMATICS

1. Scope and Application

1.1 This method covers the determina-
tlon of varlous purgeabie aromatics. The fol-
lowing parameters may be determined by
this method:

Paramster STSEET CAS No

34030 71-43-2
34301 108-00-7
34536 95-50-1
1.3-Dichlorcbenzens. 34566 541-73-1
t4-Dichlorobenzena. 34571 106-46-7
Ethylbenzena ... ... . " 34371 100-41-4
Tolyene ... e 34010 105-868-3

1.2 This is a purge and trap gas chroma-
tographic (GC) method applicabie to the de-
termination of the compounds listed above
in municipal and industrial discharges as
provided under 40 CFR 136.1. When this
method Is used Lo analyze unfamillar sam-
ples for any or all of the compounds above,
compound identifications should be sup-
ported by at least one additional qualitative
technigue. This method describes anglytical
condiilons for a second pas chromsiogra-
phic column that can be used to confirm
measurements made wlth the primary
column. Method 624 provides gas chromato-
graph/masy spectrometer (GC/MS) condl-
tlons appropriate for the qualitative and
quantitative confirmation of results for atl
of the parameters listed above,

1.3 The method detection limit (MDL,
defiried in Section 12.1) ' for cach parameter
is listed In Table 1, The MDL for a specilic
wastewaler may differ from those listed, de-
pending upon the nature of interferences in
the sample matrix,

1.4 Any modification of this method,
beyvond those expressly permitted, shall be
considered as A major wmodileation subject
to application rnd rpproval of alternate test
procedures under 40 CFR 136.4 and 136.5,

1.5 This method is restricted to use by or
under the supervision of analysts experi-
enced in the operation of a purge and trap
system and a gas chromatograph and In the
Interpretation of gas chromaiograms. Each
analyst must demonstrate the abilily to gen-
erale acceplable resulls wilh Lhls method
using the procedure deseribed in Sectlon 8.2,

2. Summary of Method

2.1 An Inert gas Is bubbled through a 5-
mL water sample contained in a speclaily-
designed purglng chamber at amblent tem-
perature. The aromalics are cfficlenily
translerred from the aqueous phase Lo Lhe
vapor phase. The vapor Is swept through =
sorbent trap where the aromatics are

40 CFR Ch. I (7-1-88 Edition)

trapped. After purgihg is completed, the
trap is heated and backflushed with the
inert gas Lo desorb the aromatics onto a gas
chromatographlc column. The gas chro-
mategraph Is temperature programmed to
separate the aromatics which are then de-
iected with a photolonization detector.? ?

2.2 'The method provides an optional gas
chromsatographic column that may be help-
ful In resolving the compounds of interest
from Interferences that may occur.

3. Inlerferences

3.1 Impurities in the purge gas and or-
ganfc compounds outgassing {rom the
plumbing ahead of the trap account for the
majority of contamination problems. The
analytical system must be demonstrated to
be [ree from contaminatien under the con-
ditions of the analysis by running Iaborato-
ry teagent blanks as described in Section
8.1.3. The use of non-Teflon plastic tubling,
non-Teflon thread sealants, or [low control-
lers wilh rubber components In the purge
and trap gsystem should be avolded.

3.2 Samples can be conlaminated by dif-
fuslon of volatlie organics through the
septum seal into the sample during ship-
ment and storage. A fleld reagent blank pre-
pared from reagent water and carried
thirough the sampling and handling proto-
col can serve as a check on such contatnina.
tlon.

33 Contamination by carry-over can
occur whenever high level and low Ievel
samples are sequentially analyzed. To
reduce carry-over, the purging device and
sample syringe must be rinsed with reagent
water between sample analyses. Whenever
an unusually concentrated sample is en-
countered, it should be followed by nn atal.
ysis ol reagent water to check for cross con-
tamination. For samples contalning large
amounts of water-soluble malerials. sus-
pended solids, high boiling compounds or
high aromatic levels, it may be necessary Lo
wash {he purging device with a detergent
solution, rinse it with distilled water, and
then dry it In an oven at 105 °C belween
analyses. The trap and other parts of the
syslem are also subject {0 contmmination;
therclore, frequent bakeout and purging of
the enlire system may be regulred.

4, Safely

4.] The toxicily or carcinogeniclty of
cach reagent used In this method has not
been precisely defined; however, ench cliom-
fcal compound should be treated ns s poten-
tial bealth hazard. From this viewpoint, ex-
posure o these chemicals must be reduced
to the lowest possible level by whatever
means avallable. The laboratory Is responsi-
ble for maintaining a curreni awareness flle
of OSHA regulations tregarding the safe
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handling of the chemicals specified In this
method. A reference file of material data
handling sheets shonld also be made avail-
able to all pergonnel Involved in the chemi-
cal analysis. Additlonal references to labora-
tory safety are available and have been
identified +¢ for the Informablon of the ana-
lyst.

4.2 The following parameters covered by
this method have been tentatively classified
8s known or suspected, human or mammali-
an carcinogens; benzene and 1,4-dichloro-
benzene, Primary standards of these toxic
compounds should be prepared in o hood. A
NIOSH/MESA approved toxle gas respira-
tor should be worn when the snalyst han-
dles high concentrations of these toxic com-
pounds.

5. Apparatus end Materials

5.1 Sampling equipment, for discrete
sampling.

6.1.1 Vial}25-mL capacity or larger,
equipped with a screw cap with a hole in the
center (Plerce #13075 or equivalent). Deter-
gent wash, rinse with tap and distilled
water, and dry at 105 "C before use.

5.1.2 Septum—Teflon-faced silicone
{Plerce #12722 or equivalent), Detergent
wash, rinse with tap and distitled water, and
dry at 105 *C for 1 h beflore use.

52 Purge and irap system—The purge
and trap system consists of three separate
pieces of equipment: A purging device, trap,
and desorber. Several complete systems are
now commercially available.

5,21 The purging device must be de-
slgned to accept 5-mL samples with a water
column at least 3 cm deep. The gaseous
head space between the water column and
the trap must have a total volume of less
than 15 wml. The purge pas must pass
through the water column as finely divided
bubbles with a diameler of less than 3 mm
ab the origin. The purge gas must be intro.
duced no more than 5 mm from the base of
the water column, The purging device lllus-
trated In Figure 1 meels these design crite-
ria.

5.2.2 The trap must be at least 26 cm
long and have an instde diameter of al least
0.105 in.

5.2.2.1 The trap Is packed with 1 cm of
methyl silicone conted packing (Section
§.4.2) and 23 ecm of 2.8-diphenylene oxide
polymer (Seciion 6.4.1) as shown ln Flgure
2. This trap was used to develop the method
performance statements in Section 12.

5.2,2,2 Alternatively, elther of the iwo
traps described in Method 601 may be used,
although water vapor will preclude the
measurement of low concentrations of ben-
zene.

5.23 The desorber must be capable of
rapldly heatlng the trap to 180 “C. The poly-
mer section of the trap should not be
heated hilgher than 180 *C and the remain-
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Ing sections should not exceed 200 *C. The
desorber illustrated in ¥igure 2 meets these
destgn criteris.

5.24 The purge and trap system may be
assembled as a separate unit or be coupled
to a gas chromatograph as illustrated in Fig.
ures 3, 4, and 5.

5.3 Gas chromatograph—An analyticat
system complete with a temperature pro-
grammsable gas chromatograph suitable for
on-column injection and all required acces-
sories Including syringes, analytical col-
umng, gases, detector, and strip-chart re-
corder, A data system Is recommended for
measuring peak areas,

5.3.1 Column 1—8 ft long x 0.092 in. ID
stainiess steel or glass, packed with 59, SP-
1200 and 1.75% Bentone-34 on Supelcoport
(100/120 mesh) or equivalent. This column
was used to develop the method perform-
ance statements in Sectlon 12. Guldelines
for the use of alternate column packings are
provided in Sectlon 10.1.

532 Column 2-8 ft long x 0. In ID
stainless steel or glass, packed with 5% 1,2.3-
Tris(2-cyanoethoxy)propane on Chromo-
sorb W-AW (60/80 mesh) or equivalent.

5.3.3 Detector—Photoionization detector
(h-Nu Systems, Inc. Model PI-51-02 or
equlvalent). This type ol deteclor has been
proven effective in the analysis of
wastewaters {or the parameters listed in the
scope (Section 1.1), and was used to develop
the method performance statements in Sec-
tion 12. Guidelines for the use of alternate
detecters are provided in Section 10.1.

5.4 Syringes—5-mL glass hypodermic
with Luerlok tip (two each), if applicable to
the purging device.

5.5 Mlero syringes—25-pL, 0.006 in. ID
needie,

5.6 Syringe valve—2-way, with Luer ends
(three each).

5.7 Bottle—15-mL, screw-cap, with Teflon
cap liner,

5.8 Balance—Analytical, capable of accu-
rately weighing 0.0001 g,

6. Reagenls

5.1 Reagent water—HReagent water Is de-
fined as a water in which an interferent is
not observed ai the MDL of the parameters
of interest.

6.1.1 Reagent water can be generated by
passing tap water through a carbon filter
bed conlaining about 1 b of activated
carbon (Filtrasorb-300, Calgon Corp., or
equlvalent),

6.1.2 A water purllicatlon system (MitH-
pore Super-Q ot equivaient) may be used to
generate reagent water.

6.1.3 Reagent water may also be pre-
pared by boiling water for 15 min. Subse-
quently, while maintalning the temperature
al 90 °C, bubble a contamlnani{-free Inert
ges through the water for 1 h. While still
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hot, transfer the water to 8 narrow mouth
screw-cap bottle and seal with a Teflon-
lined septum and cap.

8.2 Sodlum thlosulfate—{ACS) Granuinr.

6.3 Hydrochloric acld (1+1)—Add 50 mL
of concentrated HCi (ACS) to 60 mL of rea-
gent water.

6.4 Trap Materlals:

6.4.1 26-Diphenylene oxide polymer—
Tenax, {(60/80 mesh), chromatographic
grade or equivalent.

6.4.2 Methyl silicone packing--39, OV-1
on Chromosorb-W (60/80 mesh) or equiva-
lent.

8.5 Methanol—Pesticide quallty or eguiv-
alent,

6.8 Stock standard  solutions—Stock
standard solutions may be prepared from
pure standard materlals or purchased as cer-
tified solutions. Prepare stock standard so-
lutions in methanol using assayed liquids,
Because of the toxlcity of benzene and 1,4-
dichlorobenzene, primary dilutions of these
materials should be prepared in a hood. A
NIOSH/MESA approved loxlc gas respira-
tor should be used when the analyst han-
dles high concentrations of such materials.

6.6.1 Place about 88 mL of methanol
into 8 10-ml, ground glass stoppered volu-
metiric flask. Allow the flask to stand, un-
stoppered, for about 10 min or until all alco-
hol wetted surfaces have dried. Weigh the
flask to the nearest 0.1 mg.

6.6.2 Uslng a 100-pL syringe, Immediate-
ly add two or more drops of assayed refer-
ence material to the flask, thien reweigh. Be
sure that the drops fali directly into the al-
cohol without contacting the neck of the
fiask.

6.6.3 Rewelgh, dilute to volume, stopper,
then mix by inverting the fiask several
times. Calculate the concentration in pg/pL
from the net gain in welght. When com-
pound purily is assayed Lo be 96% or great-
er, the welght can be used without correc-
tion to calculate the conceniration of the
stock slandard. Commercially prepared
stock standards can be used at any concen-
trallon If they are certified by the manufac-
turer or by an independent source

6.6.4 Transfer the stock slandard solu-
tlon into a Teflon-sealed screw-cap bottle.
Stote at 4 *C and protect from light.

6.6.5 All slandards must be replaced alter
one monlh, or sooner if comparison with
check slandards indicates a problem.

6.7 Secondary dilution standards—Using
stock standard solutions, prepare secondary
dilution standnrds in methanol that eontain
the compounds of Interest, elther singly or
mixed togelher. The secondary diiution
standards should be prepeared at concentra.
tlons suchi that the aquecous calibration
standards prepared In Section 7.3.1 or 7.4.1
wlll bracket the working range of the ana-
Iytical system. Secondary selution standards
must be stored with zero headspace and
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should be checked frequently for signs of
degradation or evaporation, especially just
prior to preparing calibration standards
from them.

6.8 Quality control check sample concen-
trate—See Section §.2.1.

7. Calibration

7.1 Assemble a purge and trap system
that meets the specifications in Section 5.2,
Condition the trap overnight at 180 *C by
backfiushing with an inert gas flow of at
lenst 20 mL/min. Condition the trap tor 10
min once dally prior to use,

7.2 Connect the purge and trap system to
a gas chromatograph. The gas chromabo-
graph must be operated using temperature
and flow rate conditions equivalent to those
glven in Table 1. Calibrate the purge and
trap-gas ehromatographic system using
either the external standard technique (Sec-
tion 7.3} er the internsl standard technlque
(Section 7.4).

7.3 External standard celibration proce-
dure:

1.3.1 Prepare calibration standards at a
mitdmum of three concentration levels {or
each parameter by carefylty adding 20.0 pL
of one or more secondary dilution standards
to 100, 509, or 19000 mL ol reageni water. A
25-pL syringe with a 0.006 in. ID needle
should be used for thiz operalion. One of
the external standards should be at a con-
centratlon near, but above, the MDL (Table
1) and the other concentrations should cor-
respond to the expected range of concentra-
tions {ound in real samples or should define
the working range of the detector. These
aqueous standards must be prepared fresh
daily.

7.3.2 Analyze each calibrallon standard
according {o Section 10, and tabulate peak
hielght or area responses versus the concen-
tralion In the standard. The resulis can be
used to prepare a callbratlon curve lor each
compound. Alternatively, if the ratlo of re-
sponse Lo concentration (calibration factor)
is a constant over the working range (< 10%
relative strndard deviation, RS, linearity
through the origin can be assumed and the
average ratio or celibration factor can be
uscd in place of a calibration curve.

7.4 Internal standard calibration proce-
durc—To usc thils approach, the analysi
must select onc or more Internal standards
that are simliar in analylical behavior to
the compounds of interest. The analyst
musl, further demenstrate that the mens-
uremen! of Lhe Internal standard Is not af-
Iecked by methed or rmoalrix interferctices.
Beenuse of these limitatlons, no Internal
standard can be suggested Lthat Is applicable
to all samples, The compound, a.a.a.-trl-
fluorotolucne, recommended as a surrogate
spiking compound in Sectlon 8.7 has been
used successfully as an internal standard.
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7.4.1 Prepare calibration standards at a
minimum of three concentration levels for
each parameter of interest as described in
Sectlon 7.3.1,

7.4.2 Prepare a spiking solution contain-
ing each of the internal standards using the
procedures described In Sectlons 6.6 and 6.7,
1t is recornended that the secondary diiu-
tlon standard be prepared at a concentra-
tion of 15 pg/mlL of each internsl standard
compound. The addition of 10 gzl of this
standard to 5.0 mL: of sample or caiibration
standurd would be eqguivalent to 30 pe/L.

7.4.3 Annlyze each calibratlon standard
according to Section 10, adding 16 pL of in-
ternal standard spiking solution directly to
the syringe (Section 10.4), Tabujate peak
helght or area responses against concentra-
tion for each compound and internal stand-
ard, and calculate response factors (RF) for
each compoiind using Equation 1.

(ANC,)
T CAWXC)
Equation 1
where:
A,=Response for the parameter to be
measured.

A,=Response for the internal standard.

Cn=Concentratlon of the internai stand-

ard

C,=Concentration ¢f ihe parameter to be

measured,
If the RF value over the working range s a
constant (<10% RSD), the RF cah be as-
sumed to be Invariant and the average RP
can be used {or calcuiations. Alternatively,
the results can be used to plot a calibration
curve of response ratios, A,/A,, vs. RF.

1.5 The working calibration curve, cali-
bratlon factor, or RF must be verified on
cach working day by the measurement of a
QC check sample,

7.5.1 Prepare the QC check sample as de-
scribed in Section 8.2.2.

7.5.2 Analyze the QC check sample ae-
cording to Section 10,

753 For each parameter, compare the
response (Q) with the corresponding cali-
bration acceptance criteria found in Table 2.
If the responses for all parameters of inter-
est {all within the deslgnated ranges, analy-
sls of actual samples can begin. If any indi-
vidual Q falls outside the range, a new cali-
bratlon curve, calibratlon faclor, or RF
must be prepared {or that parameter ac-
cording to Sectlon 7.3 or 7.4.

8. Qualily Conlrol

8.1 Each laboratory that uses this method
Is required to operale a formal qunlity con-
trol program. The mimimum requirements
of this program consist ¢f an Initial demon-
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stration of laboratory capabiiity and an on-
going analysis of spiked samples to evajuate
and document data quality. The laboratory
must melntaln records to document the
quality of data that is generated. Ongoing
data quality checks are compared with es-
tablished performance oriteria {0 determine
If the results of anslyses meet the perform-
ance characteristics of the method. When
results of sample spikes indicate atypleal
method performance, a quality control
check standard must be analyzed to confirm
that the measurements were performed In
an In-control mode of operation,

8.1.1 The analyst must make an Inftial,
one-time, demonstration of the ability to
generate acceptable accuracy and precision
with this method. This ability is established
as described in Section 8.2.

8.1.2 In recognition of advances that are
occurring in chromatography, the analyst is
permitted certain optlons (detalled in Sec-
tion 10.1) to improve the separations or
lower the cost of measurements. Each time
such a modification Is made to the method,
the analyst is required to repeat the proce-
dure in Section 8.2.

8.1.3 Each day, the analyst must analyze
a reagent water blank to demonstrate that
interferences from the analytical system are
under control,

8.1.4 The laboratery must, on an ongoing
basis, spike and analyze s minimum of 10%
of all samples to monitor and evaluate labo-
ratory data quality. This procedure is de-
scribed in Section 8.3.

8.1.6 The laboratory must, on an ongoing
basis, demonstrate through the analyses of
quality control check standards that the op-
eration of the measurement system is in
control. This procedure is described In Sec-
tion 8.4. The frequency of the check stand-
ard analyses is equivalent to 10 of all sam-
ples analyzed but may be reduced If spike
recoverics from samples (Section 8.3) meet
all specified quallty control eriteria.

8.1.6 The laboratory must malntain per-
formance records to document the guality
of data that Is generated. This procedure is
described in Section 8.5.

8.2 To establish the ability to generate
acceptable accuracy and precision, the ana-
lyst must perform the following operations.

821 A quallty control (QC) check
sample concentrale is required contaln!ng
each parameter of interest at a concentra-
tien of 10 pg/ml: in methanol. The QC
check sample concentrale must be obtained
Irom ihe U.S. Environmental Prolecllon
Agency, Envlronmental Monltoring and
Support Laberatory in Clneinnatl, Qhlo, if
avallable. If not avallable from that source,
the QC check sample concentrate must be
obtained from another external source, §f
not avallable from elther source above, the
QC check sample concentrate must be pre-
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pared by the laboratory using stock stand-
ards prepared independently from those
used {or calibration.

8.2.2 Prepare a QC check sample to con-
tain 20 pg/L of each parameter by adding
200 pL of QC check sample concentrate to
100 ml of reagant water.

8.2.3 Analyze four 5-mL allquets of the
well-mixed QC check sample according to
Section 10.

8.2.4 Calculate the aversge recovery (X)
tn pg/L, and the standard devlalion of the
recovery (8) ln pg/L, for each parameter of
Interest using the four resuits,

8.2.5 For each parameter compare 5 and
X with the corresponding acceptance crite-
ria for precision and accuracy, respectively,
found in Table 2, If 5 and X for all param-
eters of interest meet the ecceptance crite-
rin, the system performance Is acceptable
and analysls of actual samples can begin. If
any individual s exceeds the precision limit
or any Individual X fails outside Lhe range
{or accuracy, the system performance is un-
acceptable for that parameter.

Notg: The large number of parameters in
Table 2 present a substantial probabllity
that one or more will fall 2t least one of the
acceptance criteria when all parameters are
analyzed,

8.2.6 When one or more of the param-
eters Lested fall at least one of Lthe accepl-
ance criterlr, Lhe analyst must proceed ac-
cording to Section 8 2.6.1 or 8.2.6.2.

8.2.6.1 Locale and correcl Lhe source of
the problem and repeat the test for all pn-
rameters of interesl beginning with Seclion
8.2.3.

8.2.6.2 Beglnning with Section 8.2.3,
repeat the test only for those paramcters
that falled to meet criterie. Repenled fail-
ure, however, whl conflrm a general prob-
lem with the measurement system. I{ this
occurs, 1ocate and correct the source of the
problem and repeat Lhe test for all com-
pounds of Interest beginning with Section
8.2.3.

8.3 Thre Inboratory must, on an ongolhg
basls, spike al least 10% of the samples from
each sample site being monilored to assess
accuracy. For laboratories analyzing one to
ten samples per month, at least one spiked
sample per motith is required.

8.3.1 The conceniration of the spike in
the sample should Le delermined as [ollows’

8.3.1.1 1t as in compliance moniloring.
the concentration of a speclfic parameter In
the sample is being checked against A regu-
latory concentralion limit, the spike should
be at that imit or L Lo § tines hugher than
the background concentralion determined
in Section 8.3.2, whichever concentralion
would be larger,

8.3 1.2 I the concenirallon of a specific
parameter in the sample Is nol being
checked against a limil specific to thal pa-
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rtameter, the splke should be at 20 pg/Loor 1
to & times higher than the background con-
ceniration determined in Section 8.3.2,
whichever concentration would be larger.

8.3.2 Analyze one 5-ml sample aliquot to
determine the background concentration
{B) of #ach prrameter, If necessary, prepaie
a new QC check sample concentrate (Sec-
tion 8.2.1) appropriate for the background
coucentrations in the sample. Spike a
second 5-ml: sample aliguot with 10 uL of
the QC check sample concentrate and ana-
Iyze it to determine the concentration after
spiking (A) of each parameter, Calculate
each percent recovery (P) as 100{A-B¥%/T,
where T is the known true value of the
spike. -

8.3.3 Compare the percent recovery (P)
for each parameter with the corresponding
QC acceptance criterin found in Table 2,
These acceptance criteria were calculated to
include an allowance for error in measure-
ment of both the backeround and spike con-
centrations, assuming a spike to background
ratio of 5:1. This error will be accounled for
to the extent thai the analyst's spike to
background ratio approaches 5:1.7 if spiking
was performed at & concentration lower
thar 20 pg/L, the analyst must use either
the QC acceptance crileria in Table 2, or op-
tional QC aceeptance crileria calculated for
the specific splke concentration. To caleu-
lale optional acceplance criteria for the re-
covery of a parameler: (1) Calculate accura-
cy (X'} using the equalion in Table 3, substi-
tuling Lthe spike concentration (T) for C; (2)
caleulate overall precision (S0 wusing the
equation in Table 3, substiltuting X’ for X
(1) calculate the range for recovery at the
spike concentration as (100 X'/T) 3: 2.44(100
S5/ Ty

8.3.4 If any individual P falls outside the
deslgnated range for recovery, that parame-
ter has failed the acceptance criteria. A
check standard contalning eaclh paramcter
thal failed the criteria must be annlyzed sy
described in Seclion 8.4,

B4 1If any parameler fails Lhe ncceptance
criteria for recovery In Seclion 8.3, a QC
check standard contaiining each parameter
that faited must be preparcd and apaiyzed.

NoTe: The frequency for the required
analysis of 2 QC check standard will depend
upon Lhe number of parnmeters belng sl
mullancously tesled, the complexily ol ihe
sample matrix, and the performance of the
laboralery.

f.4.1 Prepare thie QC check siandard by
adding 10 pL of QC check smupie concen-
Lrate (Section 8.2.1 or §.3.2) Lo 5 mL of rea-
genl waler. The QC check standnrd needs
only to conlain Lhe parameicrs that falled
criteria Ity the test in Section 8.3.

8.4.2 Analyze the QC check standard Lo
delermine the concentrallon mensured (A)
of each parameler. Cnleulric cach percent
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tecovery (P,) as 100 (A/T7%, where T is the
true vajue of the standard concentration.

8.4.3 Compare the percent recovery (P,}
for each parameter with the corresponding
QC acceptance criteria found in Table 2.
Only parameters that falled the test in See-
tion 8.3 nced Lo be compared with these cri-
terin, If the recovery of any such parameter
falis outside the deslgnated range, the labo-
retory performance for that parameter is
judged to be out of control, and the probiem
must be inmedlately identified and correct-
ed. The analytical result for that parameter
In the unspiked sample Is suspeet and may
not be reported for regulatory compliance
PUTDOSES.

8.5 As part of the QC program for the
Inboratory, method accuracy for wastewater
samples must be assessed and records must
be maintained. After the analysis of five
splked wastewster samples as In Section 8.3,
calculate the average percent recovery (P)
and the standard deviation of the percent
recovery (s,). Express the accuracy assess-
ment as 8 percent recovery interval from
P-2s, to P425,. If P=90% and 5,=10%, for
example, the accuracy interval is expressed
as 70-110%. Updale the accuracy assessment
for each parameter on a regular basis {e.g.
afler each five Lo ten new accuracy meas-
urements).

8.8 It is recommended Lhat the laborato-
ry sdopt additional quality assurance prac-
tices for use with this method. The specific
practices thal are most productive depend
upon the needs of the laboratory and the
nature of the samples. Field duplicates may
be analyzed Lo assess Lhe precision of the
environmental measuremenls. When doubt
exists over the ldenitficallon of a penk on
the chromatogram, confirmniory Lechniques
such as gas chromalography with a dissimi-
Iar column, specilic element delector, or
mass spectrometer must be used. Whenever
poesible, the laboratory should =snalyze
standard reference materials and particl-
pale In relevant performance evaluation
studles,

8.7 The anatyst should monitor botih Lhe
performance of the analylical system and
the effecliveness of Lhe method in dealing
with each sample mairix by spiking each
smple, standard, and reagent waler blank
with gurrogate compounds (e.g. «. . a.-tri-
fluorotoluene) thatl encompass the range of
the temperature program used in Lhis
methed. From stock slandard solulions pre-
pared &s In Section 6.6, add a volume Lo give
T80 pg of each surrozate to 45 mi, of rea-
frnt waler conlained in a 50-mL valumetric
Dask, mix nud dhule lo volume for a con-
cenirntion of 15 mg/pl. Add 10 pL of this
surognte splking solution directly into the
8-mL ayringe with every sample and refer-
ence standard analyzed. Prepare o fresh sur-
rofate splking solullon on & weekly basls. 1{
the internal standard calibration procedure
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Is being used, the surrogate compounds may
be added directly to the Internai standard
splking solution (Section 7.4.2).

9. Sample Collection, Preservatlion, and
Handling

9.1 The samples must be iced or refriger-
ated Irom the time of collection untit analy-
sis. If the sample contains free or combined
c_hlurine, add sodium thiosulfate preserva-
tive (10 mg/40 ml is sufticient {or up to 5
ppm Cl) to the empty sample botlle just
prior to shipping to the samnpling site. EPA
Method 330.4 or 330.5 may be used for
measurement of residual chlorine.® Field
test kits are available for this purpose.

9.2 Coltect about 500 mL of sample in a
clean container, Adjust the pH of Lhe
sample to about 2 by adding 1 +1 HCI while
stirring. Fill the sample botile in such a
manner that no air bubbles pass through
the sample as the boltie is being lilled. Seal
the bottle 50 that no air bubbles are en-
trapped in il. Mainiain the hermetic seal on
the sample bottle until time of analysis,

9.3 Al samples must be analyzed within
14 days of collection.?

14, Procedure

10.1 Table 1 summarizes Lhe recommend-
ed operating condilions for the gas chro-
matograph. Included In this table are esti-
malted retention times and MIDL that can be
achieved under these conditions. An exam-
ple of the separations achieved by Column 1
is shown in Figure 6. OLher packed columans,
chiromatographic conditions, or deteclors
may be used il Lthe requiremenls of Scction
8.2 are met.

10.2 Calibrate the system daily as de-
scribed in Section 7.

10.3 Adjust the purge gas (nitrogen or
helium) {low rate to 40 mEL/min. Attach the
trap inlet to the purging device, and set the
purge and trap system to purge (Figure 3).
Open the syringe valve located on Lhe purg.
Ing deviee sample Introduction needie,

10.4  Allow the sampie o come to ambi-
ent temperature prior to iniroducing it to
the syringe. Remove the plunger from a 5-
mL syringe and allach a closed syringe
valve. Open the sample boltle (or standard)
and carcfully pour the sampie inlo the sy-
ringe barrel to just short of overflowing. Re-
blace Lhe syringe plunger and compress the
sample. Open Lhe syringe valve and vept
any residual air while adjusting the sample
volume Lo 5.0 mL. Since this process of
Laking an aliguot destroys the validity of
the sample for fulure analysis, the analyst
should {ill a second syringe al this time to
proteclt agailpst possible loss af data. Add
10.0 pl, of the surrogate spiking solution
(Srctlon 8.1 and 100 pL of Lhe inlernal
standard spiking solution (Seclion 7.4.2), if
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applieable, through the valve bore, then
close the valve,

10.5 Attach the syringe-syringe valve as-
sembly to the syringe valve on the purging
device. Open the syringe valves and inject
the sampie into the purging chamber.

i0.6 Close both walves and purge the
sample for 12.0+0.1 min at amblent Ltemper-
ature.

10.7 After the 12-min purge time, discon-
neet the purging device from the trap, Dry
the trap by maintaining a flow of 40 mlL/
min of dry purge gas through It for 8 min
(Figure 4). If the purging device has no pro-
vision for bypassing the purger for this step,
8 dry purger should be Inserted Into the
device to minimize molsture in the gas.
Attach the trap to the chromatograph,
adiust the purge and trap system to the
desorb mode (Figure 5), and begin to tem-
perature program the gas chromatograph.
Introduce the trapped materials to the GC
column by rapidly heating the trap to 180
*C while backf{lushing the trap with an inert
gas between 20 and 60 mL/min for 4 min. If
rapid heating of the trap cannot be
achieved, the GC column must be used as a
secondary trap by coollng it to 30 *C (su-
bamblent temperature, if poor peak geome-
try and random retention time problems
persist) instead of the initial program tem-
perature of 50 *C.

10.8 While the trap Is belng desorbed
into the gas chromatograph column, empty
the purging chamber using the sample in-
troduction syringe. Wash the chamber with
two 5-mL Mushes of reagent water.

0.9 After desorblng the sample for 4
min, recondition the {rap by returning the
purge and trap system fo the purge mode.
Walt 15 5, then close the syringe valve on
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the purglng device to begin gas flow
through the trap. The trap temperature
should be malntained at 180 “C. After ap-
proximately 7 min, turn off the trap heater
and open the syringe valve to stop the gas
flow through the trap. When the trap s
cool, the next sample can be analyzed.

10.10 Identify the paramelers In the
sample by comparing the retention titmes of
the peaks in the snmple chromalogram with
those of the peaks In standard chromato-
grams. The width of the rctentlon time
window used to make identlfications should
be based upon measurements of actnal re-
tention tlme variations of standards over
the coutse of a day, Three times the stand-
ard deviation of a retention time for a com-
pound can be used to calcuiate a suggested
window size; however, the experience of the
analyst should welgh heavily in the inter-
pretation of chromatograms.

10.11 If the response for a peak exceeds
the working range of the system, prepare a
dliution of the sample with reagent waler
from the aliquot In Lthe second syringe and
reanalyze.

11, Calculalions

11.1 Determine the concentration of indl-
vidual compounds in the sample,

1L.1.1 If the exiernal standard calibra-
tion procedure Is used, calculate the concen-
tration of Lthe parameter being measured
from the peak response using the callbra-
tion curve or calibration factor determined
In Section 7.3.2.

11.1.2 If the internal standard callbration
procedire is used, calculate the concentre-
tion in the sample using the response factor
(RF) determined in Section 7.4.3 and Equa-
tion 2.

c t n (ANC,)
oncentration (ug/L)= ———
s (ALKRF)
Equation2 a substance that can be measured and re-
where: ported with 98% confidence that the value
A, = Response for the parameler to be 15 Bbove zero.! The MDL concentrations
measured. listed in Table 1 were oblained using res-

A, = Response for the Internal standard.

Cy, = Concentration of the internal stand-

ard,

11.2 Report results In pg/L without cor-
réctlon for recovery dala. All QC dala ob-
tained should be reported with the sample
résults.

12, Melthod Performance

12.1 The method delectlon it (MDL)
Is delined as the minimum concentration of

gent water.” Similar results were achieved
using representative wastewaters. The MDL
actually achieved In s glven analysis will
vary depending on Instrument sensltivity
and matrix efiects,

12.2 This method has been demonstraled
io be applicable for the concentration range
from the MDL to 100 X MDL.” Direct aque-
ous injection technigies should be used to
measure concentration levels above 1000 x
MDL.
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12.3 This method was tested by 20 lab-
oratories using reagent water, drinking
water, surface water, and three Industrial
wastewaters spiked at six concentrations
over the range 2.1 to 550 pg/L." Single oper-
ator precision, overall precision, and method
accuracy were found to be directly related
to the concentration of the parameter and
essentially independent of the sample
matrix. Linear equations to describe these
relationships are presented in Table 3.
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TABLE 1.—CHAOMATOGRAPHIC CONDITIONS
AND METHOD DETECTION LiMITs

Retention ima {min) | Method
ton

Parameter Column | Column de:ﬁﬁ-l‘o

1 2 g/

333 275 o2

575 425 0z

8,25 625 0.2

917 8oz 02

158 162 03

182 150 D4

259 194 04

Column 1 conditions Supefcoport {100/120 mesh) coated
with 5% SP-12C0/175% Bentong-34 packed m a 6 H x
0.085 in il} stainlass steel column wath hetum carmer gas at
36 mL/min flow rale Column temperalure held at 50 'C for
2 min lhen grogrammad a1 6 "C/own to 99 °C for g fipal hold

Column 2 conditons: Chromosorb W-AW (60/80 mesh)
coated with 5% 1,2.3-Frig(2-cyanoethyoxy)propans packed 1n
a8 I x 0,085 m, IO stainless steel column with hehum carmer
gas at 30 mb/min flow sate Column temperature held at 40
rC :orr'jdmm then programmed at 2 “C/min ko 100 °C for a
inal 3

TABLE 2.—CALIBRATION AND QC ACCEPTANCE CRITERIA—METHOD 602 *

Faramater

Range for | Limi for | Range for 8 | Parge

Qo) [siwgly| wor) | (5P
Benzene $5.4-24.6 41 10.0-279 32-150
Chlorobenzens,,, 16.1-239 35 127-254 55-135

1.2-Drchiorebanzane .. ... .\ coreee-
1.3-Dichiorobenzena ..
1.4-Dichicrobenzene .
Eihylbenzene
Toluena ...... ..

136-254 58 10 6.27.6 37-154
145.255 S0 128-255 50-141
139-261 55 116-255 42-143
f26-27 4 67 o0-282 32-160
15.5-24 5 40 12-277 46-148

Q=Concontralion measured in OC chack sample, n pg/L (Section 7 53)

s =Standard deviation of four recovery maasuremonts, in pg/L {Sechon 8.2 4).

X=Aversge recavery lor four tecovery measirements, in pg/L {Secon B.2.4).

P., P=Percent racovary measuied (Sechan 8 3 2, Seclion .4 2)

* Cnlena were calcutaled assuming a OC chack sample concentration of 20 pg/L.

Note: These cnlena are based duectly upon Ihe method perforrnance data o Table 3. Where necessary, tha lenils for
rectvery have been broadoned to asswe applicabdly of the hmils 1p conconlralons bolow thgse ysed o develop Table 3
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TABLE 3.—METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION-—METHOD 602

Accuracy, as | Singfe analyst Overall
Parameter mco'vefz. x precision, ¢ pracision, 5’

g/} {pg/L) {ug/t)
Benzens.., . 9 52C40.57 0098 1059 02i%40.56
Chicrobanzene... 085C40.02 00984023 0178 +0.10
1.2-Dichlorobenzans .. 0.93C4+052 RA7R-004 0228 +0,53
1,3-Duchlorobenzene .. 0.86C—-0.05 0458010 0.19% +009
1,4.Dichlorobenzene .. 093C—-00% | 015840281 020X4041
Ethylbenzene......... ... 0.94C303¢ 0178 1046 | oO26k4023
Toluene.. 094C+065 | o008%4040] 0.18K40.71

X's=Expected recovery jor one or more moasurements of a sample contairing a concentration of G, in pg/L.

o' =Expected mingle analyst standard doviation of measuremenls at an average concenbalion found of X, i pg/L.
§'=Evxpacied intarisboratory standard deviation of s al an ge concentration found of X, in pg/l.
C=True valua for the Concantralion, in pg/l. .

X=Avetage recovery tound for measuréments of samples containing a concentration of G, in pg/L
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Figure 1. Purging device,
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CONSTRUCTION

PACKING PROCEDURE COMPRESSION FITTING

GLASS spm ?" NUT AND FERRULES
wooL v |\ 14FT.70 /FOOT RESISTANCE
>—T WIRE WRAPPED SOLID
> | THERMOCOUPLE/
? CONTROLLER
SENSOR
T
TENAX 23CH) | | CONTROL
e AND
¥ PYROMETER
2 TUBING 25CM.
o 0.105 IN. 1.D.
0.125 IN. 0.D.
3% OV-14 oyl - STAINLESS STEEL -
GLASS WOOL gy’ V23

TRAP INLET

Figure 2. Trap packings and construction to include
desorb capability.
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Liquid Injection Ports

. Column Qven

=

Purge Gas
Fiow Control \

Purging
Device
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METHOD 624—PURGEABLES

1. Scope and Application
i overs the determina-
i.1 'This method covers the 4
tlc:;-:of‘a number of purgeable orga.nilcsé‘;rg;
{oliowing parameters may be determin
this method:

STORET 5 No
Paramoter No. CA
B L] 34030 7 ; -g?Ai
anzens ... R ga020 T
Bromodichigromethana . ey L
Bromoretias 34413 ;;-gg-g
mmmoma 32102 - 23
P obli‘ZZﬁ'é'm ss301|  108-20-7
orohanzend ... el -0
Chlaroathang .- §é576 Rt
Cmmrony v et 32106 | 67663
oro e 1418 -87-
Ereomochiaror et 2108 | 1244841
Drbromochioromeathane.. . . e e
1.2-Dichiorobanzene s Beatrod
1,3-Dichiorohenzane, , Fprer A
1,4-Dichlorobenzens e o
h Penatane 34531 | 107-06-2
2 rehioracthane 34501 | 75-35-4
§,1-Oichloroethane. . . I RAgp
trans-1,2.Dhehtoroethane. O e
1,2-Oichloropropane . Kocall SO (
crl:-‘ 3-Dichicsopropans S e oae
trans-1,3-Drchioropropane e SN
Ethyl banzena... - O aae
Mely:w!ens chlorida ., ... . .. :;44;2::; Ly
1.1.2.2-Tetrachipsoathane e Jo-ae
;o:mcmocoelhene e wg.:g:
oluene . oo-69
1.1.1-Trchlorogthons . 3:.’;?? Tos
1.%.2-Trichloroathene. . e hope
Trichloroathana . s A
Trchioroliugromelhane .. Sive g
Vinyt chlonda ... "

be extended Lo
.2 The method may ’
sc:ren samples Ior1a§;oslt;ign(c;3’;‘g};§:l§‘uﬂﬁ!
34210, CAS No, 107-02- a yloniteils
ET No. 34215, CAS No.
;f:;gir, the preferred method for these
two compounds in Method 603. —
1.3 This s a purge and trap gas c roMs)
Log-raphlc/mass spectrometer _(GE/] 5
method appllcable to Llu‘:) duelrmlrl::t‘:;?:-lpnl
ompounds listed above in ipa
:I;::] Irnduslrlal discharges as provided under
136.1.
qol(im}rhc melhod detectlon Hmil (Mli:‘;
de[-lnetl in Seclion 14.13 {or each pn.rnm:mc
is listed In Tabie 1. The MDL for lt: :pg Hie
\;.'nstcwat.r-r may dlffer from those listed, o
pending upon the nature of intetrlerences
le matrix.
thlcé:m:m\;;; modifleation Lo this mel llwl()t:
beyond those expressly permilied, Shnlj o
cofxsidercd as a major modif:_cnll.gon :;.l(‘bl,:':‘ﬁl,
{ of altern 1
to application and approva iy
40 CFR 136.4 an €
procedures under 5 o dificn:
nding upon Lhe nature o i
Eggcand the extent of intended use, the ap

40 CFR Ch. 1 (7-1-88 Edition)

{rate that
nt may be required to demons
Elii:amodlﬁcutlons will produce equivalent

results  when applied to  relevatl
aslewalers.
" 1.6 This method is resl.rlcted_ to use by or
under the supervision oi anaiysis ex;t:’e:-
enced In the operation of a purge and tn p
sysiem and a gas vhmmamgmtplcif mas.? i;:ﬂegs
ter and in the Interprelation o

;;%l&ia. Each analyst must demonstrate tlltlﬁ
ability to generate accepiable res:;lts ‘;',bed
this method using the procedure descr

in Sectlon 8.2.
2. Summary of Method

2.1 An inert gas is bubbled l‘,l’u"c,\ughl 3“5:
mi, water sample contalnedtln abfg:;: ?e :l
her at am -
designed purging cham ety
ture. The purgeables are
ff;:sferrod from the nqa:eouseg'i’lﬁi Otltl)glt!h:
swe
vapor phase. The vapor is O o Fare
sorbent. trap where the D d s o
is compirled, the
trapped. Alter purging ed. the
kflushed w
trap is heated and bac i e
t gas to desorb the purgeables :
:;rchﬁomatogmphlc column. The gas c(?r'oo
matograph is temperature programme d'-
separate the purgeables which n::: then de
tected with a mass spectrometer.

3. Inlerferences

3.1 Impurities in the purge lzﬂs.lorggir:]lc
cor;mounds outgassing [1;0::: ;L::fm?r:ﬂ lhi
ahead of the trap, and solven E n the

he majority of con
iaboratory account for _L o

e analytical syste
{amination problems. Th !
musl be demonsiated to be [ree frorr; c&?e
tamination under the conditions © he
analysis by runnlug laboratory {_(l:]ncgzse
blanks #s described inl Se{:‘g.{)c;:gs.lfén:re"on
of non-Teflon plastic lirollers flon

d sealants, or flow co1

:}L::;I::::r components in the purge and trap

stem should be avoided. .
sy3 2 Samples can be contaminated DY"dulcf,_
l'usion of volatile organics (pa.rtlcularlly e
ro;;arbons and methylene chloride) thro ig
the septum scal Into the sample dulr ng
shipment and storage. A fleid reaggnl.‘?n:}!:d
prepared from reagent v:intlormrmngcmow.

hie sampling and b

(l::;f?‘:',\fll;ctr;% &s a check pn such contamina-

Lon.

3.3 Contamminatlon by ca.rry-c;vilr' l::;
occur whenever high ievel and lo v fevel
samples  are  sequentislly nnn]l,vzc; c T
‘redm‘c carry-over, Lhe p;irzl:;g l‘l,;‘xvtf:mgcnt

¢ 1sed w .
sample syringe must be 1 O ey

waler belwern sample analyses. A i

: ted sample Is en

an unusually concenlra v

Howed by an annl
countered. il should be fo oy
Lo check [or cross co
ysis of reagent waler SN
ination. For samples €Ol °
:::::)unts of water-soluble matcrials.d susr
pended solids, high bolling compounds 0
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duced no more than 5 mm {rom the base of
the water column. The purging device 1llys-
timt.ed In Flgure 1 meets these design crfte.
ria.

. 322 The trap must be at least 25 cm
long and have an inside dlameter of at least
0.105 in. The trap must be

packed to contain
the following minimum lengths of adsorb-
ents: 1.0 cm of methyl sflicone coated pack.

ing (Section 6.3.2), 15 <m of 2,6-dyphenylene
oxlde polymer (Section 6.3.1), and 8 cm of
silica gel (Section 6.3.3). The minimum spec-
ifications for the trap are fllustrated in
Figure 2,

5.2.3 The desgrber should be capable of
rapidly heating the trap to 180 °C, The poly-
mer sectlon of the trap shouid not be
heated higher than 180 *C and the remain.
Ing sections should not exceed 200 *C. The
desorber {llustrated in Figure 2 meets these
design criteria.

5.2.4 The burge and trap system may be
assembled as a separate unit or be coupled

Lo a gas chromatograph as tilustrated In Fig-
ures 3 and 4.

5.3 GC/MS system:

53.1 Gas chromatograph—An analytical
system complete with a temperature pro-
ETammable gas chromatograph suitable for
on-column injection and ai] required acces-
sories [ncluding syringes, analytical col-
umns, and gases.

5.3.2 Column—8 ft long x 0.1 in ID stain-
Iess steel or glass, packed with 19 SP-i00¢
on Carbopack B (80/80 mesh) or equivglent,
This column wag used to develop the
method performance statements In Section

high pureeable levels, it may be necessary to
wash the purging device with a detergent
solutlon, rinse ft with distilled water, and
thert dry it Ina 105 * C oven between analy-
ses. The trap and other parts of the system
are also subject to coniamination: therefore,
frequent bakeout and purging of the entire
system may be required.

4. Safety

4.1 The toxleity or carcinogenicity of
each reagent used in this method has not
been preciseiy defined; however, each chem-
ical compound should be treated as a poten-
tial health hazard. From this viewpoint, ex.
posure {o these chemicals must be reduced
to the lowest possible level by whatever
means available, The laberatory is responsi-
bie for maintaining a current awareness file
of OSHA regulations regarding the safe
handling of the chemicals specified in this
methmd. A reference file of materiai data
handling sheets should also be made svall.
able Lo all personnel involved in the chemi-
cal analysis. Additional references to labora-
tory safety are availabie and have been
identified*® for the information of the ana-
lyst.

4.2. The following parameters coveted by
this method have been tentatively classifjed
as known or suspected, human or mammali-
an carcinogens: benzene, carbon tetrachlo-
ride, chloroform, 1.4-dIchlorebenzene, . and
vinyt chlorlde. Primary standards of these
toxic compounds should be prepared In a
hood. A NIOSH/MESA approved loxle gas
respirator should be worn when the analyst
handles high concentrations of these toxie

14. Guidelines for the use of alternate
compounds. column packings are provided In Section
. 111,
5. Apparatus and Materials 533 Mass spectrometer—Capable of
6.1 Sampling equipment, for discrete  scanning from 20 to 260 amu every 7 5 or
sampling,

less. utilizing 70 V (nominaly electren
energy In the electron impact lonization
mode, and producing s mass speclrum
which meets all the criteria in Table 2 when
50 ng of 4-bromofiucrobenzene (BFB) Is in-
Jected through the GC inlet,

534 GC/MS interface—Any GC to MS
Interface that gives acceptable calibration
points at 50 ng or less per injection for each
of {the prrounetlers ol Interest and achleves
Rll acceplable performance criterin (Sectlon
10) may be used. GC to MS inlerfrces con-
structed of all giass or glass-lined meterials
are recommended. Glass ¢can be deactivated
by silanlzing with dichlorodimethyistiane,

5.3.5 Data system—aA Computer system
must be Interfaced Lo the MAass spectrometer
that allows the continuous acquisition andg
slorage on machine-readable medla of ali
MAss spectra obtained throughout Lthe dura-
tion of the chromatographic pProgram. The
compuler must have soltware that allows
searching any GC/MS dala lite for specitic
m/z {masses} and plotting such m/z abyup.
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5.1.1 Vial—25.ml, capacity or larger,
equipped with a screw cap with 2 hole in the
center (Pierce #13075 or equivalent). Deter-
gent wash, rinse with tap and distilled
water, and dry at 105 *C before use.

6.1.2 Septum—Teflon.faced sllicane
(Plerce #12722 or equivalent), Detergent
wash, rinse with tap and distilled water, and
dryat 105°Cforih beiore use.

52 Iirge and trap system—The hurge
and trap system conslsls of three separale
pleces of equlpment: A purglng device, trap,
and desorber. Several complete systems are
how commercially available,

5.2.1 The purglng device must be de-
slgned to accepl 5-mi samples with a water
column at least 3 em deep. The gascous
head spece between the waler eolumn and
Lthe trap must have a total volume of Igss
than 15 mL. The purge ges musl pass
though the water column as flnely divided

bubbles with n diameter or less than 3 mm
atb the orlgin. The purge gas must be intro-
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dances versus tlme Or scan number. This
type of plot Is defined as an Extracted Ion
Current Profile (EICP). Soflware must also
be available that allows integrating the
abundance in any EICP between specified
time or scan number limits.

5.4 Syringes—5-mL, glass hypodermic
with Luerlok tip (two each), if applicable to
the purging device.

55 Micro syringes-—25-pL, 0.006 In. 1D
needle,

5.6 Syringe valve--2-way. with Luer ends
({three cach).

5.7 Syringe—5-mL, gas-light with shut-
off valve.

5.8 Bottlie—15-mbL, screw-cap, with Teflon
cap liner.

59 Balance—Analytical, capable of accu-
rately weighing 0.0001 £.

6. Rengents

6.1 Rengent water—Reagent water is de-
fined as a waler in which an interferent is
not observed at the MDL of the parameters
of interest.

611 Reagent water can be generaled by
passing tap waler through a carbon filter
bed containing about 1 1b of activated
carbon (Filtrasorb-300, Calgon Corp., or
equivalent).

6.1.2 A water purification system (Milki-
pore Supe1-Q ot equivalent) may be used to
generate reagent water.

6.1.3 Reagent water may also be pre-
pared by boiling water for 15 min. Subse-
quently, while mnintaining the temperalitre
at 90 "C, bubble & conlaminant-frec [nert
gas through the waler for 1 h. While still
hot, transfer the waler to a narrow mouth
screw-cap bottle and seal with a ‘Teflon-
1lined septum and can.

5.2 Sodlum thiosuliate—(ACS) Granular.

6.3 Trap materinls

6.3.1 2.6-D!phenyiene oxlde polymer—
Tenax, (60/80 meshi. chromatographic
grade or equivalent.

8.3.2 Methyl silicone packing—3% OV-i
on Chromosorb-W {60/80 mesh) or equiva-

lent.

£.3.3 Sillea grl—35/60 mesh,
grade-15 or equivalent.

6.4 Methanol—Pesticide gualily or equiv-
alent.

65 Stock standard solutlons —Stock
standard solutions may be prepared from
pure standard materials or parchased as cer-
Lified soiullons. Prepare stock standard so-

Davison,

lutions in methanol using assayed liqulds or

RASCS AS appropriate. Because of Lhe toxicity

of some of the compounds, primary dilu-
tions of Lhese materials should be prepared
In 2 hoed, A NIOSH/MESA approved taxie
gns respirator should be used when Lhe ana-
lyst handles high concenkratlons of such

materials.

6.5.1 Place about 9.3 mL of methanol

into a 10-mL ground glass slopperced volu

40 CFR Ch. | {7-1-88 Edition)

metric fiask. Allow the flask to stand, un-
stoppered, for about 10 min or untfl all aico-
hol wetted surfaces have dried. Weigh the
flask to the nearest 0.1 mg.

6.5.2 Add the assayed reference material:

6.5.2.1 Liquids—Using a 100-pL syringe,
immediately add two or more drops of as-

sayed reference m=aieral to the flask, then
reweigh. Be sure that the drops fall directly
inte the atcohol without contacting the
neck of the flask.

6.5.22 Gases—To prepare standards for
any of the four halocarbons that boil below
30 *C (bromomethane, chilorgethane, ehloro-
methane, and vinyl chloride}, fill a 5-mL
valved gas-tight syringe with the reference
standard to the 5.0-mL mark. Lower the
needle to 5 mm above the methanol menis-
cus. Stowly introduce the reference stand-
ard above the surface of the liguid {(the
heavy gas will rapidiy dissolve in the meths-
nol).

6.5.3 Rewelgh, dilute to.volume, stopper,
then mix by inverting the flask several
times. Calculate the concentration in pi/pls
from the nect gain in weight. When com-
pound purity is assayed to be 96% or great-
er, the weight may be used without correc-
tion to calculate the concentration of the
stock standard. Cotamerciaily prepared
stock standards may be used al any concen-
tration if they are certifled by the manulac-
turer or by an independent source.

6.5.4 Transfer the stock standard solu-
tion into a Teflon-sealed screw-cap botile.
Store, with minimal headspace, at —10 to
_a0 *C and protect from light.

655 Prepare fresh standards weekly for
the four gases and 2.chloroelhylvinyl ether.
All other standards must he replaced afler
one month, or seoner if compartson with
check standards Indicates a probiem.

6.6 Sccondary dilutlon standards-—Using
stock solutlons, prepare secondary dlutlon
standards In methanol that conlaln the
compounds of interest, elther singly or
mixed together. The sccondary dilttlon
standards should be prepared at concentra-

tions such that the aqurous cajtbration
slandards prepared in Section 7.3 will brack-
ot the worklng range of the analytical
systetn.  Sccondary ditution  standards
should be stored with minimal hendspnce
and should be checked frequenlly for signs
of degradation or cvaporntion, especlally
just prior to preparing calibraiion slandards
{from them.

6.7 Surrogate standard spiking solution—
Select a minimum of three surrogate com-
pounds [rom Tabie 3. Prepare stock stand-
ard solutions for each surrognic slandard in
methanotl as deseribed in Section 6.5. Pre-
pare a swrrogale standard splking solution

from Uhese stock slandards al n concentra-
tion of 15 pg/mL In water. Store bthe solu-
. tons at 4 *C In Teflon-scaled glass conlain-
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ers with 2 min
tlons should

- Pt. 136, App. A, Meth, 624
ol ct;ln;c?tf ;mfadspace. ‘The solu-
ed frequently fi -
bllity. The addition of 10 L of this sotution RF-=
o concen:x?g; o;' standard I8 equivalent
ssgg ncentes of 30 pg/L of each surro-
.8 BFB Stendard—
solution of BFB In mettl:;:g?re ® 25 pe/mL
8.9 Quajlty contr ;

o}
trate—See Sectlon 8.2.!?.heck sample concen-

(ANCY)
(ALNC,)

where: Equation §

A,=Aren of the char
acte
parameter to be measurréfit:ic /2 for the

A, =Ares of the ch
inernal smndmcd-amcterist.ic /3 for the

Cu==Concentration of th

7. Calibration

7.1 Assemble a purge and trap system

g’;‘::-dﬁllf’entst’h!;etspec[[ica!.lons In Section 5.2 ard. © lnternal stand.
Tap overnight at 180 "C by C,=Co!
backflushing with an inert gas flow of o mensured. 7 Cf the parameter to be

least 20 mL/min. Condi
N ndition the &
m.irnzonée dail);l grior to use. ¢ trep for 10
f onnect the purge and trap syst
€
:r:;g ::nl:‘r;'n;)atograplz. The gas clfromr::bt?
5i be operated using tem
and flow rate conditions equivalent ;zgral;ure
gl.l;en in Table 1. ose
3 Internal standard
calibration -
lt_i[:.luret’—ch use this approach, the alg;(l);:t
st select three or more internai stand-

ards that are slmilar In a
nailytical
te the compounds of inl,eres{. %‘hebf:}:;ﬂrg: TS Aneer b2

must further demonstrate raing 1o the mettonts
st. The ¢ t check sampie ac.
;l;:;:;n;;{“tif jgterngl te that th n,;;e:i rlagrdmg to the method beginning in Secuotz:q
ethod or matrix interf ‘
Some recommen dards e
lis_:.%cllin aper ded internal standards are
3.1 Prepare callbralion
standards a

?aicnlimum of three concentration levels 2’0?
each parameter by carefully adding 20.0 pL
oo ezosx(') :ﬁ?rgozc::r?ﬂds}ry dilution standards

, , OT ol reagent waler. A 25-

ﬁ:’ syglnge with a 0.006 in. 1D needle ShOlfI:)d
bra:‘,lls for this operation. One of the crli.
o on standards should be at a concentra-
i r;(;‘ar, but above, the MDL (Table 1) and
o t?re e;xc;;r::izgtmuons should corresprond

range of concentiratl
:;:ol;itiinignr;:e:es:m?‘les(}g/should defihe glr::
e MS system.
;_qlt:e;)us standards can be storeﬂsu‘;r;,o—rzl;c;e
o cerii ig sieriﬂesd »;‘ilals with zero headspace as
ection 9.2. If not s

Lh;.g rznuls_’i;be discarded after 1 h. o stored.

3. cpare & spiking solulion contain.
:Jr:_g ea;h of the {nternzl standards usil:lgttll?e
u?;:e ures described in Sections 6.5 and 6.6
s r(&:ommendcd that the secondary dllu-
on :f Insdan:! be preparcd ab a concenlra-
co— s p%,;::Laggﬁiach internal standard

, on of 10 ul of Lh
:LL:nngaxg to 5.0 mL of sample or ::alibralloi:
ot ;r J“L:f;ould be equivalent to 30 pg/L.

f ::di alyze each calibration standard
Lemrnnl ntito Section 11, adding 10 pL of In-
ol syrfnggciasl;:: L?plkflr;g4 solution dircctly Lo

E on 11.4). ‘U'abulate the a
response ol the characteristi net
concentration for cach cnrn' ity g

pound and {nler-
?Elpft?ndard' and calculate response ra:;t:rrs
or each compound using Equation 1.

If the RF value gver
the workin
:lolglstgnt {<35% RSD), the RFgc:'lnii L:.:
S %e tfs:ae t};wari?nt and the average RF
r calculatlions, Al
the results can be us G
ed Lo plo
cuqry;e of response ratfos, A.?A..t: 3:?1“1?““%
o b’glxrﬁ?rglng calibration curve or RF
ed on each work
ms:;mllrement, of a QC check s;::'.gp?:y b the
4.1 Prepare the QC check sample as de-

T.4.3 Tor each
parameter, compar
!t;c::;;:;mse {Q) with the mrnrf:spt:mcll:i,nge cE\lllle-
o thgl;:stifeptancée criteria found in Table §
onses for all parameter: .
est fall within the designal mses. ey
ted ran
sis of actual samples an fany mor
s can begin. If -
vidual Q falls outside the range, Drg.?;z‘ljndi
cording to Section 7.4.4, ' 8

NoTe: The large numb
er of parameters i
'!'I;:).bge 5§ present a substantial Drobabili;;
o al one or more will not meet the callbra-
on acceplance criteria when all paramet.
are analyzed. cers
7.4.4 Repeat the Le:
: st only for thos .
;gzcnet.ers that fm_led to meetl the callb::u‘:;
ran:zxit,ance criteria. If the response for a pa-
thisesggoggefesr;m fall within the range in
. & new chlibration curv
F must be prepared for that paramele:: aor
cording to Seclion 7.3. “

8. Qualily Conlrol

8.1 EBach Iaborsio
Ty Lhal uscs
Rmthod is required Lo operate a formal q:::ﬁ
m);l::&ng_oihplrogram. The minimum require-
s program consist of an initi
:I:im:nstration of laboratory C&Dab“ﬂynlat:'lﬂ
evalui;%gh;idaréalysis of spiked samples to
occument data quslit.
laboratory must mal s Ly duere
E ntain records to d
ment the quality of data th tod.
al is generat
8R§ozt:tgagﬁgahe%uamry chiecks ftre comn:;:cc::i
5 performance criteria t -
:::el;r;::nc il the results of analyses mccrf) 3109
o rmance characleristics of the method
n results of sample spikes indicate
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atypical method performance, & qusilly con-
trol check standard must be analyzed to
confirm that the measurcments were per-
formed in an in-control mode of operation.

8.1.1 The analyst must make an initial,
one-time, demonstration of the ability to
generate acceplable accuracy and precision
with this method. This ability is established
8s described In Section 8.2,

8.1.2 In recognition of advances that are
vecurting in chiromatography, the analyst is
permiited certaln options (detafled in Sec-
tion 11.1} to improve ilhe separations or
lower the cost of measurements. Each time
such a modification is made to the method,
the analyst is required to repeat the proce-
dure in Section 8.2,

8.1.3 Each day, the analyst must analyze
a reagent walter blank to demonstrate that
interferences from the analylical system are
under control.

8.1.4 ‘The laboratory must, on an ongoing
basls., spike and analyze & minlmum of 5% of
all samples to monitor and evalunte labora-
tory data quality. This procedure is de-
scribed in Section 8.3.

8.1.5 The laboratory must, on an ongoing
basls, demonstrate through the analyses of
quality control check standnards Lhat the op-
eration of the measurement system is in
control. This procedure 1s described in Sec-
tion 8.4. The frequency of the check stand-
ard analyses is equivaient to 5% of nll sain-
ples analyzed but may be reduced if spike
recovertes {rom samples (Sectlon 8.3) meet
all specified quality control crilerla.

g.1.6 'The laboratory must spike all sam-
ples with surrogate standards to monitor
continuing laboratory performance. This
procedure is deseribed in Section 8.5.

8.1.7 The laborslory must mainlain per-
formance records to document the quality
of data that i5 generated. This procedure is
described in Sectlon 8.6.

B2 To establish the abllity to generate
acceptable accuracy and precision, the ana-
1yst must perform the {ellowing operations,

B.2.1 A qunlity conirol (QC) check
sampie concentrate Is required containing
each parameter of interest al a concentra-
tlon of 10 pg/ml in methanol. The QC
check sample concentrate must be obtained
from the U.S. Environmenial Proteclion

Agency, Envirenmental Monltoring and
Support Laboratory in Cinclonatl, Chlo, if
available. If not available from that source,
the QC check sampie concentirate must be
obtalned from another externhal source- i
not avallable [rom elther source above, the
QC check sample concenlrate must be pre-
pared by the laboratory using stock stand-
ards prepared independently from those
used [or enlibration.

8.2.2 Preparc a QU chieck snmple Lo con-
taln 20 pR/L of each parameler by adding
200 pL of QC check sample concentrale 1o
100 mL of resgent water.

8.2.3 Analyze four 5-mL aliguots of the
welj-mixed QC check sample according to
the method beginning In Sectlon 10,

824 Calculate the average recovery (X}
b pe/l. and the standard deviation of the
recovery (8) in pg/L, for each parameter of
interest using the four results.

8.25 For each parameter compare s and
R with the corresponding acceptance crite-
rin for precision and accuracy, respeclively,
found ln Table 5. If 5 and X for all param-
eters of interest meet the acceptance crite-
ria, the system performance s accepisble
and analysis of actual samples can begin. If
any individual s exceeds the precision Mimlt
or any individual X falls outside the range
for accurncy, the system perfermance s un-
seceptable for that parameter.

NoTe: The iarge number of parameters in
Tahle 5 present a substantial probability
that one or more will fail at least one of the
acceplance criteria when all parameters sre
analyzed.

8.2.8 When one or more of the param-
eters tested fail at least one of the accept-
ance criteria, the analyst must proceed ac-
cording to Section 8.2.6.1 or B.2.6.2,

8.2 6.1 Locate and correct the source of
the problem and repeat the test for ali pa-
ramelers of interest beginning with Secilon
8.2.3.

8.2.6.2 Beginnlng wilth Seclion 823
repeal. the test only for those parameters
that failed to meet criteria. Repeated fali-
ure, however, will confirm a general prob-
lom with the measurement system. If this
occurs, locale and correct Lhe source of Lthe
problem and repeat Lhe test for all com-
pounds of interest beginning with Section
8.2.3.

83 "I'he Ilabornatory musi, on an ongolng
basis, splke at least 5% of the samples from
each sample site being monitored to assess
nccuracy, For laboratories analyzing 1 to A
samples per month, at least one spiked
sample per month is required.

8.3.1 The concentration of the splke In
{he sample should be deterinined as follows:

8.3.1.1 If, as in compilance monitoring,
the conecentration of a specilic parameter in
the sample Is being checked agninst a regu-

Jatory concentration limit, the spike should

be at that limit or i to 5 times higher than

the background concentration determined
inn Section 8.3.2, whichever concentration
would be larger.

8.3.1.2 If the concenlration of = specific
parameter in the sample Is not being
checked zgainst a lmit specific lo that pa-
rameter, the splke should be &t 20 pg/Lor1
to 5 thines hlgher than the background con-
centratlon  determined in Section 832

whichever concentration wenld be Inrger.

83.2 Analyze one 5-mi, sample allguol to
determine the background concentration
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(B) of each parameter. If necessar
A Y. prepar
:iol::e: 2621()3 check sample concentratﬁ! (DSec‘E
b 411 appropriate for the background
c B&cegt;ations in the sample. Spike a
pe 220 -ITL sample allquot with 10 pls of
e ac cdetik samplg_ concentrate and ana-
:ikh; W aeiermine the concentration after
plklng (A) of each parameter. Calculate
;?]cgepe;c?:t recovery (P} as 100(A-B1%, /T,
et the known true value of the
8.3.3 Compare the percent re
for erch parameter with the cnn?:s‘;:e;l{df: )
%? acceptance criteria found In Table 5,;
incﬁgeagcr:azti?;!;gncrm;rla wer calculated té
ce {or error in m -
g;:e]rt:t ?j both the background and spil?:s:;:-
muorafosl:ils. assuming a spike to background
A thg :1. This error will be accounted for
s ext(.ient that the analyst's spike to
bad gr:ufn ratio approaches 5:1.7 If spiking
e 1)20r omﬂad &t a concentration lower
the G pe/ . the analyst must use either
e 9 acceptance criteria in Table 5, or op-
thon QC acceptance criteria caleulated for
| e specific spike concentration. T calcu-
ate optional acceptance criteria for the re-
cover,?of 8 parameter: (i) Calculate accura-
:y {X') using the equation in ‘Table 6, substi-
uting the sptke concentration (T) fc;r C'-(2)
caleulate overall precision (S usfng ’the
equation in Tabie g, substituting X' for X:
(3) caieulate the range for recovery at t,i'lé
Spike  concentration as (100 X
(%2;12(100 ST m
.3.4 I any individual P falls
designated range for recovery, Lh(::t;l;.ir:rt;::ﬁ
ter has fafled the acceptance criteria. A
theck standard containing each naraméter
that falled the criterin must be analyzed as
deasirll:;;d in Sectlon 8.4. i
. any parameter s
triterin for recovery lnﬁéié:tﬁl(;:i aé:(::;cp;a.:écé
check standard corttaining each p;.;r'ameter
that falled must be prepared and analyzed.

Note: The {requency for the re
laysls of a QC check standard w?l‘llig:.-?neﬁ:ld
upon the number of parmmeters being si-
multaneously tested, the complexily of the
::tr)nople matrix, and the performance of the
! ralory. If the entire list of parameters
i1'\ Table 5 must be mensured in the sample
n Sectlon 8.3, the probabillty that the anal-
ysls of & QC check standnrd will be required
31 Llllsg Ibr‘:3 this tt:':ixse the QC check su'mdard
rou alyze
hiked saple nely an d with the
84.1 Prepare the QC check stan
:ddlng 10 L of QC check sample 22::1391:1}:
Tete (Section 8.2.1 or 8.3.2) to 5 mL of ren-
gent water. The QC check standard needs
enly to contain the parameters that fal) d
ctiterla In the Lest In Section B.3. ¢

84.2 Annlyze the QU che

ck sland
dftcrmlnc Lhe concentration lm-n.ﬂ:r::ld(;\‘:
of each parameter. Calculate each percent
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recovery (Py) as 100 (A/T)e,

tr;.;i value of the standard Zt;nvé?:{:aac:z the

fm.e.:Cther:pare the percent recovery (Py)

ped parameter with the cq::urresptmdms
acceptance criteria found in Tabi ;

Only parameters that failed th Son

the test in -
tion 8.3 need to be compared with :h:sesci(i:-

teria. ¥ the recover
¥ of any such
52{!5 outslde the designated range??lizr?:;i‘-‘
judﬂrs;.l {Jerformance for that parameter is
musg:b c: be out of control, and the prot;lem
st . es_- anmat::ﬁ?‘i;%e:y Iclientlflec! and correct-
. t for that
In the unspiked sarﬁs i o e
ple is suspect
not be reported i
purposes.p for regulatory compliance
8.5 As a quality contr
. ol check, t} -
::;oalg rz::ltl,dspié(e alil samples with t,‘ﬁeli?lﬁ-
4 ard spiking solutions -
scribed in Section 13.4, and calcula:;:s t?-ni:

percent recover,
Doroen ¥ of each surrogate com.-

8.6 As part of t

Inboratry methodhe QC program for the

accuracy for wastew

Fanples i b e Sl
B e analysis
25::::5;1 :.va.stewater samples as in Secucgn f;\;c
o ua. e the average percent recovery (P)
and e standard devistion of the percent
re \Lrer.v (s,). Express the accuracy assess-
E!; E::s; percent recovery interval from
exa"f,,lo S + 25, If P=90% and 5,= 10%, for
o ?o_pl le('J'7 1& accuracy interval is expressed
T 10 aﬁggg]aéf;he RCCUracy assessment
atter a regular basis (e.g.
ureme?aat:'»‘. Iive Lo ten new accuracy meas.
8.7 It is recommended thal th

Ty adopt additional quality m&ﬁur?u]ligogﬁgi
tices Tor use wih this method, The specific
practices that are most productive depend
::me the needs of the Iaboratory and the
pa Ere lor the samples. Fleld duplicates may
nalyzed to assess the precision of the
environmental measurements. Whenever
ntosslble, the laboratory shouid analyze
standard rteference materials and narLic'I-

pale in rel
e evanl perfocmance evaiuation

8 Sample Collection, Pre i
, servalio d
Handling T an

9.1 Al samples myst be iced or refri
3 efriger.

s;,‘ilsedlfn;.(l,m the time of collection untii ani?yr-
sis 1e sample contains residual chlorine
ad sgdiium thiosulfate preservative (10 mg,;
t.hem s sulficlent for up to 5 ppm CI) to
e emply sample bottie just prior to ship-
3308{ to ;he sampling site. EPA Methods
i .4 and 330.5 may be used for measure.-

ent of residual chlorine.” Fleld tegt ki
ar; ;va(}l‘lab!;e for this purpose. e

B rab samples must be o
fr!::i gc;ntalljlc;:"!m;rlng a toulal voii:::cm:f :\rl:

5 mL. tiie sample

overflowing in such g ma‘:me?DLLILl{:t jxl:gta’-l‘;
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bubbles pass through the anmple as Lhe
bottle is being ilied. Seal the bottle so that
no air bubbles are entrapped in b IT pre-
servative has been added, shake vigorousiy
{or i in. Maintain the hermetic seal on the
sample bottle untli time of analysis.

9.3 Experimental evidence indicates that
some aromatic compounds, notably benzene,
toluene, and ethyl benzene are susceptible
to rapitd biclogical degradation under cer-
taln envirenmental conditions.® Refrigera-
tjon alone may hot be adequate Lo preserve
these compounds in wastewaters for more
than seven days. For this reason. 2 separate
sample should be collected, acidified, and
analyzed when these aromatics are to be de-
termined. Collect, about 500 mL of sample In
a clean coniainer, Adjust the pH of the
sample to aboul 2 by adding 1+1 HCI while
stirring vigorousiy, Check pH with narrow
range (1.4 to 2.8) pH paper. Fill a sample
contalner as described in Section 9.2,

9.4 Al samples must be analyzed within
14 days of collection.®

1@, Daily GC/MS performance Tesls

10.1 At the beginning of each day that
analyses are to be performed, the GC/MS
system musl be checked to see if acceptable
performance criterin are achieved for BEB.®
The performance tost must be pnssed before
any samples, blanks, of slandards arc ann-
lyzed, unless the Instrument bas met the
DFTPF test described In Method 625 earlicr
in the day.'®

10.2 These performance tests reguire the
following instrumental parameters:

Eleclron Energy: 70 Vv (nominal)

Mass Range: 20 to 260 amu

Scan Time: To give at least B scans per
peak but not to exceed T $ per scan.

10.3 At the beginning of each day, inject
2 pb of BFB solution directly on the
column. Alternatively. add 2 pL of BFB s0-
lution to 5.0 mL of reagent water or stand-
ard solution and analyze the solution ac-
cording Lo section i1. Oblain a background-
covrected mass spectrum of BFB and con-
firm that all the key m/7 criteria in Table 2
are rechieved. If all the criterla are not
achleved, the analyst must retune the mnss
speclrometer and rcpeat the test until all
criteria are achieved.

11, Sample Purging and Gas
Chromatography

11.1 Table 1 summarizes the recommend:
ed operating condlitions [or the gas chro-
matograph. Included in this table are reten-
tion times and MDL that can be achieved
uncier these conditions. An example of the
separations achieved by Lthis column Is
shown In Figure 5. Other packed columns or
ehromatographic conditlons may be used I
the requlrements of Sectlon 8.2 are mel.

40 CFR Ch. 1 (7-1-88 Edition)

11.2  After achieving the key m/7% abun-
dance criteria in Gection 10, calibrate the
system daiy as described in Section T.

113 Adiust the purge gas (helum) fiow
rate to 40 mL/min. Attach the trap imiet o
the purging device, and seb the purge and
trap system to purge (Flgure 3). Open the
syringe valve located on the purging device
sample introduction needle.

11.4 Allow the sample to come to ambl-
ent temperature prior to [ntroducing it into
the syringe. Remove the plunger from f 5-
mL syringe and altach a closed syringe
valve. Open the sample bolile (or standard)
and carefully pour the sample into the sy-
ringe barrel to just short, of overflowing. Re-
place the syringe piunger and compress the
sample. Open the syringe valve and vent
any residual alr while adjusting the sampie
yolume to 5.0 mk. Since this process of
taking an aliguot destroys the validily of
the sample for {uture analysis, the analyst
should fiil a second syringe at this time to
protect against, possible loss of data. Add
10.0 pL of the surrogate spiking solution
(Section 6.7) and 10.9 pL of the Internal
standard splking solution (Section T.3.2)
through the valve bore, Lhen close the valve.
The surrogate and internal standards may
be mixed and added as 8 single splking solu-
tion.

11.5 Atltach Lhe syrinm‘-syringc valve as-
sembly Lo the syringe valve on the purging
device. Open Lhe gyringe valves and Inject
the sampie Into the purging chamber.

11.6 Close both valves and purge Lhe
sample for 11.0x0.1 inin at amblent temper-
ature.

117 After the 1l-min purge time, altach
the irap to the chromatograph, adjust the
purge and trap system to the desorb mode
(Figure 4}, and begin t0 temperature pro-
gram the gas chromakograph. Introduce the
trapped malerials to the GC column hy rap-
idly heating the trap to 180 'C while back-
flushing the trap with an incri gas between
20 and 6¢ mL/mnin for 4 min. 1f rapid heat-
ing of the trap cannol be achleved, the GC
cloumn must be used a5 a secondary trap by
cooling it to 30°C (swbamblent temperature,
if prohlems persist) instead of the inltial
program Lermperature of 45 °C.

11.8 Whlle Lhe Lrabd s belng desorbed
Into the gns chromatograpty, crmply the
purging chamber using the sample introduc-
tion syringe. Wash the chamber with two 5
ml, flushes of rengent waler.

119 Alter desorbirg the smmuple for 4
min. recondition Lhe trap by returning the
purge and Lrap system to the purge mode.
walt, 15 s then close the syringe valve on

the purglng device o begin gns oW
throvgh the Lrap. The Lrap temperature
should be maiutnlned at 180 “C. Alter ap-
proximately 7 min, turn off the trap heater
and open the syringe valve L0 stop the gas
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13.2 Report resulis in
5 pe/L with -
rectlon for recovery data. All QC ;;l:acgg-

talned should
Lot bte reported with the sampie

flow through the trap. Whe

coi)l, the next sample c;;n be a:a]t;;iduap ts

thel.vf'n k“ the response for any m/z c;xcecds

o orking range of the sysiem, prepare a
ution of the sample with reagent water

from the aliquot in the second syringe and

reanaiyae. 14. Method Performance

14.1 The method detection limi
is defined as the minimum concenlj:a(t?gr? {;;
a substar}ce that can be measured and re-
Eor:gtév:w:xefS?aTc:)nﬁdcnce that the value
0. 1e MDL co
listed In Table 1 were obtainegcﬁgit‘;:“;';s-
‘glglnrf. water." Similar results were achieved
act,ui J;p;ishei:;tmév? wastewaters, The MDL
ieved in a given analysis will
vary dependin itivi
bt et egc t;n nstrument sensitivity
14,2 This method was tested b
:’ratl.ories using reagent water, Ydl}iikl;(lt?é
wa :r. surface water, and industrial
astewaters spiked al six concentration
over the range 5-600 pg/L " Single ope:ra,tcﬁiE
gll;t:msmn, overall precision, and method ac-
o ACY were fo_und to be directly related to
1e concentration of the parameter and es
sentially Independent of the sampie maLr?;t-

Lincar equatlions Lo 4 i
i 5 eseribe Lhy
ships are presented in Table 5. ese relation.

12, Qualilative Identificafion

12,3 Obtain EICPs for the
primar
(f’:’:.ble ;) and at least two secondary liagéz
fhsd (e::ﬁcr?::ﬁﬁﬁtir of interest. The follow-
thiezldent.ificatlon: e met Lo make a qualifa-
.1.1 The characteristic mas
parameter of interest must 1naxf§?z§ fineifxl;
same ot within one scan of each other.
wllt?{llr;z+r§(?i Dl;_ett.;ntior:’ ti.me must  {all
+30 s e
aull,zhier::;tic o atad, retention time of the
.1.3 The relative peak heigh
three characleristic masses in gu:..; (],i:flélfh’g
nimg.lst fall within + 20% of the relative inten-
sities of these masses In a reference mass
spectrum. The reference mass spectrum can
be obtained from a standard analyzed in the
GC/MS system or from a relerence kibrary.
12.2 Structural isomers thal have vers;

stmilar mass specira and less than 30 s dii-
ference in relention time, can be explicitly
identilied only if the resolutfon belwren au-
Ii.}lilentlc Isomers in a standard mix Is accepta-
Ry e. ﬁcceptablc resolution is achieved if Lthe
aseline to valley helghl belween the iso.
mers Is Iess than 259% of the sum of the L‘wo
peak helghls. Otherwlise, slructural isomer
are identifled as Isomeric pairs. :
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where:

Ay=Area of the characl
eristic m/z for the
parameter or surrogale stex
Ameﬁsured. stendard Lo be
w—Area of Lhe characterls
internal slandard. He m/z for the

C.—-Con
;rd. cenlration of Lthe Internal stand-
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TABLE 1.—CHROMATOGRAPHIC CONDITIONS
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TABLE .~ CHROMATCGRAPHIC CONDITIONS
AND MeTHOD DETECTION LIMiTS—Continued

dMalhoﬂ
Retontion etecton
Pargmater twng (ming | Il {ug/
i
1,1.2,2-Tetrachloroethans .. .. 221 (1)
Tatrachloroethene . 222 4.1
235 1]
248 60
E'hyl benzena.. . 264 72
1,3-Dichlorcbanzene 339 nd
1,2-Dichtorcbenzane . 35.0 d
1.4-Dichlorobenzens . ... ... 354 nd

Cotumn conditions Carbopak B {60/80 mesh) voated wih
1% SP-1000 packed in a 6 1t by 0 1 in 1D glass column with
helium carner yas at 30 mL/min flow rale. Column te a-
ture held at 45°C for 3 min, then programmed at B°C/) L
220°C and held for 15 min.

nd=nol determinsd

TaBLE 2.—BFB KeY m/z ABUNDANCE CRITERIA

Mass m/z Abundance critevia

15 1o 40% of mass 95

| 90 %o 60% of mass 85,

| Base Peak, 100% Relaliva
Abundance

5 fo 9% of mass 95.

<2% of mass 174,

~ 50% of mass 95

5 1o 9% of mass 174.

»95% bul < 101% of mass
174

177 rvers sseesmrenrnemne « =+ + | 5 10 8% of mass 176.

TABLE 3.—SUGGESTED SURROGATE AND

INTERNAL STANDARDS
AND METHOD DETECTION LiMITS
Mothod Reten- | pn- | g ondary
ton ec
Paramet Aatention | detacton Compaund vme | ™27 | "masses
rometer tima (min) ||m|lL()ug.f (minp | ™2
Banzene d6 . ... . 70 84
Chioromethana....., st 23 nd 4.Bromofluccobenione. 203 a5
Bromomuothane . NN £ nd 1.2.Dichlorpethane d 4 121 102 [ e
Vit chlonde ... . LE:] nd 1.4-Dilluorcbenzers. 196 114
Chiorosthane ... . 46 " Ethyihenzene d-5. %4 | 100
Methylens chilonde. g4 28 Epyibenzens d-10 . 264 | o8
Trchiotoflycromethane. 83 nd  cyorobengene .. 84 a6
1.1-Drchloroothens . . 90 28 ponlafisorabenzone I T30 BT e
1.1-ichloroothane. .. “ 0 47 Bromochioromethann . . 93 { 128 49,130.51
;’;"I'"' 'I.z Dichforgethene. :'; E : 2 2-Broma 1-chiotopropans . 192 bed 78, 158
orofeim .. . .. 1, 4.0 258 55 90, 12
1.2.Drchioroathane .. 121 2 - 4-Dichiorabutana 2
1.1.1-Trichieronihane s 134 38 . 3 Table L
Carben talrachiodida.... . ) 37 58 For chromatographic cenditions. see Table
Bromedichlorgmothane . ... 143 2
1,2-Drchiroprosne. . .. 57 60 TanLE 4.—CHARACTERISTIC MASSES FOR
- 1.3-Dichloropropene s 2 PurgeaaLE ORGANICS
’ 17.0 54
171 ais P, 1 Pri- Socond
1.1.2.Tnchloronthane. . . .. 172 50 mameter mary Y
trany-1,3 Dwchloropropens. 172 nd
86 nd  Chigromathans ... 50 | 52
198 47 Bromomethane.... 84 | 96.
440

oo

Environmental Protection Agency

TABLE 4.—CHARACTERISTIC MASSES FOR
PURGEABLE ORGANICS—Continued
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TABLE 4~ CHARACTERISTIC MASSES FOR
PURGEABLE ORGANICS—Continued

Paramatar Pri- Seconda Pri-
mary ry Parametar mary Secondary
gi :; Ditromochioromethane... .. ... 127 | 129, 208, and
84 [ 49, 51, and B6. 1.1,2-Trichloroethane........ccoreen..... 97 332?!65‘ 99, 132
101 | 103, and 134, )
98 | 61 and 98 «ls-1,3-Bichloropropena,.. 75 ?7md .
83 | e, 89, 5. 06, 2-Chioroathytvinyl ather 106 | 63 and 65.
v 25000 and 100 Bromoform., 173 | 171, 175, 250,
hivie - roethens . 96 | 61 and 98 252, 254, and
oform ... 83 | 85 256
P "y 98 | 62, 64, and 100, 1.1,2,2-Tatrachlgrasthan. .......... 168 | 83, 85, 134, 133,
1,),1-Trichloroathane o7 | 99, 117, and T and 168.
e afrachloroethene............. e ] 1641129, 131, and
Larbon tetrachloride 117 | 119 and 12¢ Tolua 1o
Bromodrchioromethane .| 127 | 83, 85, and 129, Chlown:e"y; oot by
;.Z-Digfgmopane. vue| 112 163, 65, and 114, Ethyl benzene . ) :Sg !-;:‘
T:i::r 3 - Horopropene 75177, 1,3-Dichlorobenzone 146 | 148 and 113
Techiorosthene.. ..... ... 130 [ 85, 97, and 132, 1.2-Dichlorobenzene 146 | 148 and 113
78 1.4-Dichlorobenzene 146 | 148 and 112
TABLE 5.—CALIBRATION AND QIC ACCEPTANGE CRITERIA—METHOD 624
Paramnster Rengs for @ | TR0 | Range 1
wohy | s | TRRiG % | Renge o P,
Benzens..... -
Bm"wr:ﬁechu:‘mmmha 128-272 [-3:] 152260 37151
Bromesichioror 13.1-269 64 101-280 35155
Bromorettans 142258 54 11.4-311 45169
e 28-372 179 D-d12 D242
Chiorbaanen - 46254 52 172225 70-140
S Semloa i um
! - —32. B4-404 14230
mmmtwnyl elher. 0-448 259 D-50.4 b-405
Chiromatans .. Vowa| wes| ol aTan
SR - X -459 0--273
1D‘br0moc‘z_md"ol"ﬂ:brg:‘nzzlnh:m 135-265 6.1 138-266 53— 149
r Domtorobenzana.. 126-27.4 7.1 118-347 18- 190
1-4-thbmbenzene. 146254 55 17.0-288 59156
A Dicorobenzone.. 126-274 71 1.8-347 18-190
|Ig.mmlh3m' 145255 51 142285 59155
D oanan . 136264 60 143274 49 . 155
by roralne e 101-29.9 9.4 37423 D-234
12 Dichioromrcman 139-261 57 136285 54156
e
3D - 15 10-3%0 b.z27
g:a':\; ;fnzl};cﬂl:oropmpene 100-3090 194 76~-324 l?—fs:l
Nermtorn Chb"d« - 118-282 73 TA-267 7162
i Am 121-279 74 D410 -1
T'elra.chlome!m:'ooe ang ... 121-.279 74 135-272 46157
T oraaihone.... 1M47.253 54 170-256 54 148
11.1-Tmhbmmham 149-251 4.8 166-267 47 150
" a-T'ichlmm‘ham, 150-250 45 137-301 52 — 162
Tmmlmm' . 142258 s5 143-271 52150
7 oﬂwom_elh;ne., 133-287 66 186-276 157
wmchm .. 96-30.4 100 B.9-315 17181
08--392 200 D435 0-25¢8

O=Concentraton mensyred In OC check samplo, in g/l (Section 7.5.3
8- Standard doviation of four recovory mea!tmomemr{.%n BgiL Sechion !’!12.4}.
¥

X —Avaragn rocovery of lour recov
P, P,—Percan! recovory menstwed,
D= Dalacted; rosuft must bo greater than zero.

maasisements, n pafl (Sectk
flon B 2.2, Section 8.4 2).

8.2.4)

;zileri:'::re calculated assuming a QC check sampla concentration of 20 ng/k,
TE: 3¢ criler b
cnm: arg based dreclly upon the mathod mormancu dala In Table 6. Where necessary, the Kmuls for

oadaned to asswre appiicabiiity of the ki

ils 10 concentralions below those used 1o develop Table &
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TABLE 6.—METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION—METHOD 624 3 GPTIONAL !
3
: ey o T sy | o E FOAM —EXIT % IN. i
i b By preci! A
. o/} g/} eg/L TRAP 0. D, ;
P Borzen .. . ... 003C+200 |026R-174 |025%-133 -=14MM 0. D. it
i Bromodichloromathane . 1.03C-158 |© l5§4 059 0 20§ +1.13 . "
Bromoform .............. . {t1ec-235 [o12X4+036 ]0.t7K+1.38 N )
: Bromomethane® ... . 100 0.43% 058% ¥ INLET !4 IN. i l
! Carbon tetrachioride., 1100168 [01284025 jon1X4097 X —— i}
Chiorob .. , - toosc;228 |016R Co9 | o0PeR_tm2 - - ¥
, Chioroethane . J—— 1 48C 4081 0tak4278 02984175 ti
! 2-Chiorosthyivinyl eth .] 100G oez; 034% . "
. Chiorotorm 093¢ +033 018%X1022 0.18K10.18 . [ N
e Chioromethane... . 103C+081 |037R+214 |058R+043 4 o /SAMPLE INLET i
] Ditromochioromsihans ... . 101C—003 017§.—oss 017X +0.49 1 pt i N
h 1.2-Dichlorohenzene® ., 4 0940 1447 022X 45 030X 129 - t [+] P, t
X 1,3-Dichlorobenzene . 31060 +168 0.1424}48 018X --082 A :; 2 ﬁ?f:?\: g‘aRlNGE VALVE i
1.4-Dichlorghenzene® o veeme + .. |D84CHa47 022K 145 [ 020K 120 ——— . e’L
F, 1,1-Dichloroethane .. - 1.05G+0.36 0.132-005 ots§+o.4? % IN £ H \ GAUGE SYRINGE NEEDLE N
4 1,2-Uichloroethane 1.02C+045 [047X-032 JOZ1X-038 (L HIg X
1.1-Oichicroethene _. ) 112C+061 |017k4+106 |o043%_o22 6MM. O. D. RUBBER SEPTUM ; ;
% 0. D. EXIT
] trans-1,2,-Bichlorosthene. 105C+003 [014X4009 |0 19X40.47 5 A |
) 1,2-Dichloropropane - ..... 100G 0.33§ oas; 10 $%
N &ig-1.3-Dichtoropropene* " 038 052 — .
i trans-1,3-Dichloropropene* 1.00C 025§ oaq; ,/’ M. 0. D. 15/;‘2“1\?:: Q.D.
¢ Ethyl benzene |evecizas fos4R1100 |028%-172
i Methylene chloride logrci188 Joasketor [o3zkisoo . ~=—{NLET ESS STEEL

i 1.1,2,2-Tatrachforoe| - . 003C+1.76 |0.16%+069 | 020R+041 % IN.O. D
Tatrachtoroothene... 1.06G+060 |[0.13%-018  |[016%-045 i o TN M M

0.96C+203 0 158-071 022R-1N

e, Tolvena. . . .. . e
e 1,1,1-Trichloroethan . J1o6C1073 012%--015 021X -0 3%

! 1.1,2-Tnchiorosthana., , ..... 0.95C+171 [014X3002 0.1 4000

v Trikchloroathans,,.. . qiroaCye 2y o 13; +036 012K +0.59

X Frichloroflouromethang .| 0.99C+0G29 033X--1,48 0 34%-0,39 5 .

] Vinyl chionda ) -] 100c 0.48% 0658 : 13X MOLECULAR i

SIEVE PURGE
GAS FILTER

X =Expected recovery for one or more measurements ot a sample contaming & concantration o T, in pg/l.

o

(=)

=

EREETTT I o [IETTIIPPeRpY -

=

-

§ - Expocled single analyst siandaxd dovintion of measuroments al an avesage concentration found off, in pg/L. E.
O

h=d

™

§ —Expecied intetaboretory standard dewiation of messurements at an average concentralion found olX, I pg/L.
€ -~ True value for the concentration, in pg/L
%= Average recovery found for measurements of semples conlrinng & concentration of G, in ko/L.

* Estimales based upon the performancs in a singla laboratory **
*Dua to ch tographi jultons problems, p :a stataments for these isomers are based upon the sums of their

conceniralions.
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PACKING PROCEDURE CONSTRUCTION
SLASS COMPRESSION
_ . FITTING NUT
wooL MM ; @\ AND FERRULES
GRADE 15 7 _14FT. 74 /FQOT
SILICA GELBCW é p ‘) RESISTANCE WIRE
% 1k | WRAPPED SOLID
% q THERMOCQUPLE/
;::. ) _ CONTROLLER
F?'f;'. s SENSOR
A ELECTRONIC
TENAX 15Cm| [ | b TEMPERATURE
s ‘ | conTrROL
G PYROMETER
Crb TUBING 25CM
& A 0.105 IN. 1.D.
A 8.125 IN. O.D.
L q STAWNLESS STEEL
3% ov-1 1M} | ]
GLASS 5MM_ &7
HOOL TRAP INLET

Figure 2. Trap packings and construction to inciude
desorb capability.
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LIGUID INJECTION RORTS
- TOLUMN OVEN

— CONFIRMATORY COLUMN
TQ DETECTOR

i ! T~ ANALYTICAL COLUMN

\ ovflongt. 4—:031 COLUMN
SELECT!ON VALVE
§-PORT * TRAP INLET

RESISTANCE WIRE
L~ HEATER CONTROL
~-~——TRAP [ OFF
Q 22°C
—

CARRIER GAS FLOW CONTROL
PRESSURE REGULATOR

PURGE GAS
FLOW CONTROL \

13X MOLECULAR
SIEVE FILTER

Note:ALL LINES BETWEEN
TRAP AND GC
. g'étfé:s SHOULD BE HEATED
10 80°C

Figure 3. Purge and trap system - purge mode.

CARRIER GAS
FLOW CONTROL  LIQUID INJECTION PORTS

PRESSURE m COLUMN OVEN
REGULATOR. i ) f ]
P - | p_;» T0 DETECTOR
L U | T-ANALYTICAL COLUMN
OPTIONAL 4-PORT COLUMN
SELECTION VALVE

%EERT TRAP INLET
. RESISTANCE WIRE HEATER

' TRAP / CONTROL
T70°C

 PURGE GAS
FLOW CONTROL

4

13X MOLECULAR

SIEVE FILTER
Note:
ALL LINES BETWEEN
PURGING TRAP AND GC
DEVICE SHOULD BE HEATED
70 95°C.

Figure 4. Purge and trap system - desorb mode.
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COLUMN: 1% SP-1000 ON CARBOPACK-B
PROGRAM: 45°C FOR 3 MiN, 8°C/MIN TO 220°C
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Figure 5. Gas chromatogram of volatile organics.
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MEzTHOD 625—BASE/ NEUTRALS AND AcIDS

1. Seope and Application

....... overs the determina-
tion of a number of organic compounds that
are partitioned into an organic solvent and
are amenable to gas chromatography. The
parameters listed in Tables 1 and 2 may be
qualitatively and guantitatively determined
using this method.

1.2 The method may be exiended to in.
clude the parameters listed in Table 3. Bon-
zidine can be subject to oxldative losses
during solvent concentration. Under the al-
kaline conditions of the extraction step, a-
BHC, y-BHC. endosulfen I and II, and
endrin are subject to decomposition. Hex-
achlorocyclopentadiene Is subject to ther-
meal decomposition in the inlet of the gas
thromatograph, chemical reaction in ace-
tone solution, and photochemical decompo-
sitlon. N-nitrosodimethylamine is difficult
to separate from the solvent under the chro-
matographic conditions described. N-nitro-
sodiphenylamine decomposes in the gas
chromatographic inlet and cannot he sepa-
rated from diphenylamine, The preferred
method for each of these parameters is
listed in Table 3.

13 This is a gas chrematographic/mass
t+  spectrometry (GC/MS) method> '* appilca-
bie to the determination of the compounds
¢ Hsted in Tables 1, 2, and 3 in municipal and

Industrial discharges as provided under 40
CFR 136.1,

1.4 The method detection Umit (MDL,
dellned In Section 16.1)! for each parameter
Is listed in Tables 4 and 5. The MDL for a
speclfic wastewater may diifer from those
listed, depending upon the nature of Inter-
ferences In the sample matrix.

1.5 Any modification te this method,
beyond those expressiy permitted, shall be
conslidered as a major modificatlon subject
to application and approval of alternate test
procedures under 40 CFR 138.4 and 136.5.
Depending upon the nature of the modifica-
tion and the extent of Intended use, Lthe ap-

" plicant may be reguired to demonstrate that
the medifications will produce equivalent
; results when applied to  relevent
* wastewaters.
1.8 This method is restricted to use by or
under the supervision of analysts experl-
.. eénced In the use of a gas chromatograph/
. mass specltrometer and In the Interpretation
of mass spectra. Each =nalyst must demon-
atrate the ability to generate acceptable re-
sults with this method using Lthe procedure
. described in Sectlon 8.2.

e s ka4 =

it ¢ Jey o on

oy . 2. Summary of Method

. ' 21 A measured volume of sample, ap-
. proximately 1-L, !3 serlally extracted with
ki methylene chloride at a pH greater than 11

Pt. 136, App. A, Meth. 625

and again at 2 pH less than 2 using a separa-
tory funnel or & continuous extractor.? The
methylene chloride extract is dried, concen-
trated to a volume of i mL, and analyzed by
GC/MS. Qualitative ldentification of the
parameters in the extract is performed
using the retention time and the relatlve
abundance of three charscteristic masses
{m/2). Quantitative analysts is performed
using internal standard techniques with a
single characteristic m/z.

3. Inlerferences

3.1 Method interferences may be caused
by contaminants in solvents, reggents, giass.
ware, and other sample processing hardware
that lead to discrete artifacts and/or elevat-
ed baselines in the total ion current profiles.
All of these materizls must be routinely
demonstrated to be free from Interferences
undet the conditions of the analysis by run-
ning laboratory reagent blanks as described
in Section 8.1.3.

3.1.1 QGlassware must be scrupulously
cleaned.® Clean all glassware as soon as nos-
sible after use by rinsing with the last sol-
vent used in it. Sclvent rinsing should be
followed by detergent washing with hot
water, and rinses with tap watler and dis-
tilled water. The glassware shouid then be
dralned dry, and heated in a muffie furnace
at 400 °C for 15 to 30 min. Some thermally
stable materials, such as PCBs, may not be
eliminated by this treatment. Solvent rinses
with acetone and pesticide quality hexane
may be substituted fer the muffle furnace
heating. Thmrough rinsing with such sol-
vents usuaily ellminates PCB interference.
Volumetric ware should not be heated in a
muffle furnace. After drying and cooling,
glassware should be sealed and stored in a
clean environment to prevent any accumula-
tion of dust or other contaminants. Store In-
verted or capped with aluminum foil.

3.1.2 The use of high putily reagents and
solvents helps to minimize interference
problems. Purilication of solvents by distll-
lation in all-glass systems may be required,

3.2 Matrix interferences may be catised
by contaminants that are co-extracted from
the sample. The extent of matrix Interfep-
ences Wl vary considerably {rom source to
source, depending upen the nature and dl-
versity of the Industrial complex or munlci-
pality being sampled,

3.3 The baseneutral extraction may
cause significantly reduced recovery of
phenol, 2-methylphenol, and 2.4-dimethyl.
phenol. The analyst must recognize Lthat re-
sults obtained under these conditions are
minimum cohcentrations.

34 The packed gas chromatographlc col-
umns recommended for the basic fraetion
may not exhlbit suificient resolution fer
certain Isomerle pairs including the foliow-
ing: anthracene snd phenanthrene; chry-
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METHOD 3810
HEADSPACE

1.0 SCOPE AND APPLICATION

1.1 Method 3810 was formerly Method 5020 in the second edition of this
manual,

1.2 Method 3810 is a static headspace technique for extracting volatile
organic compounds from samples. It 1s a simple method that allows large
numbers of samples to be screened in a relatively short period of time. It is
ideal for screening samples prior to using the purge-and-trap method.
Detection limits for this method may vary widely among samples because of the
targe variability and complicated matrices of waste samples. The method works
best for compounds with boiling points of less than 125°C. The sensitivity of
this method will depend on the equilibria of the various compounds between the
vapor and dissolved phases.

1.3 Due to the variability of this method, this procedure is recommended
for use only as a screening procedure for other, more accurate determinative
methods (Methods 8010, 8015, 8020, 8030, and 8240).

2.0 SUMMARY OF METHOD

2.1 The sample is collected in sealed glass containers and allowed to
equilibrate at 90°C. A sample of the headspace gas is withdrawn with a gas-
tight syringe for screening analysis using the conditions specified in one of
the GC or GC/MS determinative methods (8010, 8015, 8020, 8030, or 8240).

3.0 INTERFERENCES

3.1 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A field sample blank prepared
from reagent water and carried through sampiing and subsequent storage and
handiing can serve as a check on such contamination.

3.2 Contamination by carryover can occur whenever high-level and low-
level samples are sequentially analyzed. To reduce carryover, the sample
syringe must be rinsed out between samples with reagent water. Whenever an
unusually concentrated sample 1is encountered, 1t should be followed by an
analysis of reagent water, It may be necessary to wash out the syringe with
det$rgent, rinse with distilled water, and dry in a 105°C oven between
analyses.

3.3 Before processing any samples, the analyst should demonstrate daily
through the analysis of an organic-free water or solvent blank that the entire
analytical system is interference-free,

3810 -1
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4.0 APPARATUS AND MATERIALS

4.1 Refer to the specific determinative method for appropriate apparatus
and materials.

4.2 Vials: 125-ml.  Hypo-Vials (Pierce Chemical Co., #12995, or
equivalent), four each.

4.3 Septa: Tuf-Bond (Pierce #12720 or equivalent).
4,4 Seals: Aluminum (Pierce #132141 or equivalent).
4.5 Crimper: Hand (Pierce #13212 or equivalent).

4.6 Syringe: 5-mL, gas-tight with shutoff valve and chromatographic
needies.

4,7 Microsyringe: 250~ or 500-ul.

4.8 Water bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

5.0 REAGENTS

5.1 Refer to the specific determinative method and Method 8000 for
preparation of calibration standards.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 Refer to the introductory materiél. to this chapter, Organic
Analytes, Section 4.1.

7.0 PROCEDURE

7.1 Gas chromatographic conditions and Calibration: Refer to the
specific determinative method for GC operating conditions and to Method 8000,
Section 7.4, for calibration procedures.

7.2 Sample preparation:

7.2.1 Place 10.0 g of a weli-mixed waste sample into each of two
separate 125-mL septum-seal vials.

7.2.2 Dose one sample vial through the septum with 200 ul of a
50 ng/uL calibration standard containing the compounds of interest.
Label this "1-ppm spike."
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7.2.3 Dose a separate (empty) 125-mL septum seal vial with 200 uL
of the same 50 ng/uL calibration standard. Label this “1-ppm standard.”

7.2.4 Place the sample, 1l-ppm-spike, and l-ppm-standard vials into
a 90*C water bath for 1 hr. Store the remaining sample vial at 4.0°C for
possible future analysis.

7.3 Sample analysis:

7.3.1 While maintaining the vials at 90°C, withdraw 2 mL of the
headspace gas with a gas-tight syringe and analyze by direct injection
into a GC. The GC should be operated using the same GC conditions listed
in the method being screened (8010, 8015, 8020, 8030, or 8240).

7.3.2 Analyze the 1-ppm standard and adjust instrument sensitivity
to give a minimum response of at Tleast 2 times the background. Record
retention times (RT) and peak areas of compounds of interest.

7.3.3 Analyze the 1-ppm spiked sample 1in the same manner. Record
RTs and peak areas.

7.3.4 Analyze the undosed sample as in Paragraph 7.3.3.

7.3.5 Use the results obtained to determine if the sample requires
dilution or methanolic extraction as indicated in Method 5030.

8.0 QUALITY CONTROL

8.1 Before processing any samples, the analyst should demonstrate
through the analysis of a distilled water method blank that all glassware and
reagents are interference-free. Each time a set of samples is extracted or
there is a change in reagents, a method blank should be processed as a
safeguard against chronic laboratory contamination. The blank samples should
be carried through all stages of the sample preparation and measurement.

8.2 Standard quality assurance practices should be used with this
method, Fortified samples should be carried through all.stages of sample
preparation and measurement; they should be analyzed fo validate the
sensitivity and accuracy of the analysis. If the fortified waste samples do
not indicate sufficient sensitivity to detect less than or equal to 1 ug/g of
sample, then the sensitivity of the instrument should be increased.

9.0 METHOD PERFORMANCE
9.1 No data provided.
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METHOD 8015
NONHALOGENATED VOLATILE ORGANICS

1.0 SCOPE AND APPLICATION

1.1 Method 8015 is used to determine the concentration of various
nonhalogenated volatile organic compounds. Table 1 indicates the compounds
that may be investigated by this method.

2.0 SUMMARY OF METHOD

2.1 Method 8015 provides gas chromatographic conditions for the
detection of certain nonhalogenated volatile organic compounds. Samples may
be analyzed using direct injection or purge-and-trap (Method 5030). Ground
water samples must be analyzed by Method 5030. A temperature program is used
in the gas chromatograph to separate the organic compounds. Detection is
achieved by a flame ionization detector (FID).

2.2 If interferences are encountered, the method provides an optional
gas chromatographic column that may be helpful in resolving the analytes from
interferences that may occur and for analyte confirmation.

3.0 INTERFERENCES
3.1 Refer to Method 5030 and 8000,

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage. A field sample blank prepared
from reagent water and carried through sampling and subsequent storage and
handling can serve as a check on such contamination.

4.0 APPARATUS AND MATERIALS
4.1 Gas chromatograph

4.1.1 Gas Chromatograph - Analytical system compiete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring
peak heights and/or peak areas is recommended.

4.1.2 Columns

4.1.2.1 Column 1 - 8 ft x 0.1 in i.d. stainless steel or glass
column packed with 1% SP-1000 on Carbopack-B 60/80 mesh or
equivalent.
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4.1.2.2 Column 2 - 6 ft x 0.1 in i.d. stainless steel or glass
column packed with n-octane on Porasil-C 100/120 mesh (Durapak) or
equivalent.

4.1.3 Detector - Flame ionization {FID).

4.2 Sample introduction apparatus - Refer to Method 5030 for the
appropriate equipment for sample introduction purposes.

4.3 Syringes - A 5-mL Luerlok glass hypodermic and a 5-mL, gas-tight
with shutoff valve.

4.4 Volumetric flasks - 10-, 50-, 100-, 500-, and 1,000-mL with a
ground-glass stopper.

4.5 Microsyringes - 10- and 25-ulL with a 0.006-in i.d. needle (Hamilton
702N or equivalent) and a 100-uL.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available. Other grades may be
used, provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of the
determination.

5.2 ASTM Type II Water (ASTM D1193-77 (1983)). All references to water
in the method refer to ASTM Type II unless otherwise specified.

5.3 Stock standards - Stock solutions may be prepared from pure standard
materials or purchased as certified solutions. Prepare stock standards in
methanol using assayed liquids.

5.3.1 Place about 9.8 mL of methanol in a 10-mL tared ground-glass-
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 minutes or until all alcohol-wetted surfaces have dried. Weigh
the flask to the nearest 0.1 mg.

5.3.2 Using a 100-uL syringe, immediately add two or more drops of
assayed reference material to the flask; then reweigh. The liquid must
fall directly into the alcohol without contacting the neck of the flask.

5.3.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in micrograms per
microliter (ug/ul} from the net gain in weight. When compound purity is
assayed to be 96% or greater, the weight may be used without correction
to calculate the concentration of the stock standard. Commercially
prepared stock standards may be used at any concentration if they are
certified by the manufacturer or by an independent source.
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5.3.4 Transfer the stock standard solution into a bottle with a
Teflon Yined screw-cap. Store, with minimal headspace, at -10°C to -20°C
and protect from light.

5.3.5 Standards must be replaced after 6 months, or sooner if
comparison with check standards indicates a problem.

5.4 Secondary dilution standards - Using stock standard solutions, pre-
pare in methanol secondary dilution standards, as needed, that contain the
compounds of interest, either singly or mixed together. The secondary
dilution standards should be prepared at concentrations such that the aqueous
calibration standards prepared in Step 5.5 will bracket the working range of
the analytical system. Secondary dilution standards should be stored with
minimal headspace for volatiles and should be checked frequently for signs of
degradation or evaporation, especially Jjust prior to preparing calibration
standards from them.

5.5 Calibration standards - Calibration standards at a minimum of five
concentration levels are prepared in water from the secondary dilution of the
stock standards. One of the concentration levels should be at a concentration
near, but above, the method detection limit. The remaining concentration
Tevels should correspond to the expected range of concentrations found in real
samples or should define the working range of the GC. Each standard should
contain each analyte for detection by this method (e.g. some or all of the
compounds listed in Table 1 may be included). In order to prepare accurate
aqueous standard solutions, the following precautions must be observed:

5.5.1 Do not inject more than 20 ulL of alccholic standards into
100 mL of water.

5.5.2 Use a 25-ul Hamilton 702N microsyringe or equivalent
(variations in needle geometry will adversely affect the ability to
deliver reproducible volumes of methanolic standards into water).

5.5.3 Rapidly inject the alcoholic standard into the filled
volumetric flask. Remove the needle as fast as possible after injection.

5.5.4 Mix aqueous standards by inverting the flask three times
only.

5.5.5 Fill the sample syringe from the standard solution contained
in the expanded area of the flask (do not use any solution contained in
the neck of the flask).

5.5.6 Never use pipets to dilute or transfer samples or aqueous
standards.

5.5.7 Aqueous standards are not stable and should be discarded
after 1 hour, unless properly sealed and stored. The aqueous standards
can be stored up to 24 hours, if held in sealed vials with zero
headspace.
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5.6 Internal standards (if internal standard calibration is used) - To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.

5.6.1 Prepare calibration standards at a minimum of five
concentration levels for each parameter of interest as described in Step
5.5.

5.6.2 Prepare a spiking solution containing each of the internal
standards using the procedures described in Steps 5.3 and 5.4. It is
recommended that the secondary dilution standard be prepared at a
concentration of 15 ug/mL of each internal standard compound. The
addition of 10 ul of this standard to 5.0 mL of sample or calibration
standard would be equivalent to 30 ug/L.

5.6.3 Analyze each calibration standard according to Section 7.0,
adding 10 ut of internal standard spiking solution directly to the
syringe.

5.7 Surrogate standards - The analyst should monitor both the
performance of the analytical system and the effectiveness of the method in
dealing with each sample matrix by spiking each sample, standard, and water
blank with one or two surrogate compounds recommended to encompass the range
of temperature program used in this method. From stock standard solutions
prepared as in Step 5.3, add a volume to give 750 ug of each surrogate to
45 mlL of water contained in a 50-mL volumetric flask, mix, and dilute to
volume for a concentration of 15 ng/ul. Add 10 uL of this surrogate spiking
solution directly into the S5-mL syringe with every sample and reference
standard analyzed. If the internal standard calibration procedure is used,
the surrogate compounds may be added directly to the internal standard spiking
solution (Step 5.6.2).

5.7 Methanol, CH30H. Pesticide quality or equivalent. Store away from
other solvents.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this Chapter, Organic Analytes,
Step 4.1.

7.0 PROCEDURE

7.1 Volatile compounds are introduced into the gas chromatograph either
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used
directly on ground water samples or low-level contaminated soils and
sediments. For medium-level soils or sediments, methanolic extraction, as
described in Method 5030, may be necessary prior to purge-and-trap analysis.

7.2 ‘Gas chromatography conditions (Recommended)
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7.2.1 Column 1 - Set helium gas flow at 40 mi/min flow rate. Set
column temperature at 45°C for 3 minutes; then program an 8°C/min
temperature rise to 220°C and hold for 15 minutes.

7.2.2 Column 2 - Set helium gas flow at 40 mL/min flow rate. Set
column temperature at 50°C for 3 minutes; then program a 6°C/min
temperature rise to 170°C and hold for 4 minutes.

7.3 Calibration - Refer to Method 8000 for proper calibration
techniques.

7.3.1 Calibration must take place using the same sample
introduction method that will be used to analyze actual samples (see Step
7.4.1).

7.3.2 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these
procedures.

7.4 Gas chromatographic analysis

7.4.1 Introduce volatile compounds inte the gas chromatograph using
either Method 5030 (purge-and-trap method) or the direct injection
method. If the internal standard calibration technique is used, add
10 ul of internal standard to the sample prior to purging.

7.4.1.1 Direct injection - In very limited applications (e.g.
aqueous process wastes), direct injection of the sample into the GC
system with a 10-ul syringe may be appropriate. One such
application is for verification of the alcohol content of an aqueous
sample prior to determining if the sample is ignitable (Methods 1010
or 1020). In this case, it is suggested that direct injection be
used. The detection limit is very high (approximately 10,000 ug/L);
therefore, it is only permitted when concentrations in excess of
10,000 ug/L are expected or for water-soluble compounds that do not
purge. The system must be calibrated by direct injection (bypassing
the purge-and-trap device).

7.4.2 Follow Step 7.6 in Method 8000 for dinstructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-level standard
after each group of 10 samples in the analysis sequence.

7.4.3 Record the sample volume purged or injected and the resulting
peak sizes (in area units or peak heights).

7.4.4 Calculation of concentration is covered in Step 7.8 of Method
8000.

7.4.5 If analytical interferences are suspected, or for the purpose
of confirmation, analysis using the second GC column is recommended. '
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7.4.6 If the response for a peak is off-scale, prepare a dilution
of the sample with water. The dilution must be performed on a second
aliquot of the sample which has been properly sealed and stored prior to
use.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures and
Method 8000 for gas chromatographic procedures. Quality control to ensure the
proper operation of the purge-and-trap device is covered in Method 5030.

8.2 Mandatory quality control to validate the GC system operation is
found in Method 8000, Step 8.6.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if recovery is within Tlimits (1imits established by
performing QC procedure outlined in Method 8000, Step 8.10).

8.3.1 If recovery is not within Timits, the following is required:

« Check to be sure there are no errors in calculations,
surrogate solutions, and internal standards. Also, check
instrument performance,

. Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

« Reextract and reanalyze the sample if none of the above are
a problem or flag the data as "estimated concentration.”

9.0 METHOD PERFORMANCE

9.1 The accuracy and precision obtained will be determined by the sample
matrix, sample introduction technique, and calibration procedures used.

9.2 Specific method performance information will be provided as it
becomes available.
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TABLE 1.
NONHALOGENATED VOLATILE ORGANICS

Diethyl ether

Ethanol

Methyl ethyl ketone (MEK)
Methyl isobutyl ketone (MIBK)
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METHOD 8020
AROMATIC VOLATILE ORGANICS

1.0 SCOPE AND APPLICATION

1.1 Method 8020 is wused to determine the concentration of various
aromatic volatile organic compounds. Table 1 indicates compounds which may be
determined by this method and 1ists the method detection Tlimit for each
compound in reagent water, Table 2 1ists the practical quantitation limit
(PQL) for other matrices.

2.0 SUMMARY OF METHOD

2.1 Method 8020 provides chromatographic conditions for the detection of
aromatic volatile compounds. Samples can be analyzed using direct injection
or purge-and-trap (Method 5030). Ground water samples must be determined
using Method 5030. A temperature program is used in the gas chromatograph to
separate the organic compounds. Detection {s achieved by a photo-ionization
detector (PID).

2.2 If interferences are encountered, the method provides an optional
gas chromatographic column that may be helpful in resolving the analytes from
the interferences and for analyte confirmation,

3.0 INTERFERENCES

3.1 Refer to Method 5030 and 8000.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage., A field sample blank prepared
from reagent water and carried through sampling and subsequent storage and
hand1ing can serve as a check on such contamination.

4,0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

4.1.1 Gas Chromatograph: Analytical system complete with gas
chromatograph suitable for on-column injections or purge-and-trap sample
introduction and all required accessories, including detectors, column
supplies, recorder, gases, and syringes. A data system for measuring
peak heights and/or peak areas is recommended.
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TABLE 1. CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS FOR AROMATIC
VOLATILE ORGANICS

Retention time Method
(min) detection
_ Timit2
Compound Col. 1 Col. 2 (ug/L)
Benzene 3.33 2.75 0.2
Chlorobenzene 9.17 8.02 0.2
1,4-Dichlorobenzene 16.8 16.2 0.3
1,3-Dichlorobenzene 18.2 15.0 0.4
1,2-Dichlorobenzene 25.9 19.4 0.4
Ethyl Benzene 8.25 6.25 0.2
Toluene 5.75 4.25 0.2
Xylenes

a Using purge-and-trap method (Methed 5030).

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS

MATRICES?

Matrix Factor?
Ground water 10
Low-level soil 10
Water miscible liquid waste 500
High-level soil and studge 1250
Non-water miscible waste 1250

asample PQLs are highly matrix-dependent. The PQLs 1isted herein are
provided for guidance and may not always be achievable.

bpqL = [Method detection limit (Table 1)] X [Factor (Table 2)}. For non-
aqueous samples, the factor is on a wet-weight basis.
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4.1.2 Columns:

4.1.2.1 Column 1: 6-ft x 0.082-in I.D. #304 stainless steel
or glass column packed with 5% SP-1200 and 1.75% Bentone-34 on
100/120 mesh Supelcort or equivalent.

4.1.2.2 Column 2: 8-ft x 0.1-in L.D. stainless steel or glass
column packed with 5% 1,2,3-Tris{2-cyanoethoxy)propane on 60/80 mesh
Chromosorb W-AW or equivalent,

4.1.3 Detector: Photoionization (PID) (h-Nu Systems, Inc. Model
PI-51-02 or equivalent).

4.2 Sample introduction apparatus: Refer to Method 5030 for the
appropriate equipment for sample introduction purposes,

4.3 Syringes: A 5-mL Luerlok glass hypodermic and a 5-mL, gas-tight
with shutoff valve.

4.4 Yolumetric flask: 10-, 50-, 100-, 500-, and 1,000-mL with a ground-
glass stopper.

4.5 Microsyringe: 10- and 25-ulL with a 0.006-in I.D. needle (Hamilton
702N or equivalent) and a 100-ul.

5.0 REAGENTS

5.1 Reagent water: Reagent water is defined as a water in which an
interferent is not observed at the method detection 1imit (MDL) of the
parameters of interest.

5.2 Stock standards: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions.  Prepare stock standards in
methanol using assayed liquids. Because of thé toxicity of benzene and 1,4-
dichlorobenzene, primary dilutions of these materials should be prepared in a
hood.

5.2.1 Place about 9.8 mL of methanol in a 10-mL tared ground-glass-
stoppered volumetric flask. Allow the flask to stand, unstoppered, for
about 10 min or until all alcohol-wetted surfaces have dried. Weigh the
flask to the nearest 0.1 mg.

5.2,2 Using a 100-uL syringe, immediately add two or more drops of
assayed reference material to the flask; then reweigh. The liquid must
fall directly into the alcohol without contacting the neck of the flask.

3.2.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in micrograms per
microliter (ug/uL) from the net gain 1in weight. When compound purity is
assayed to be 96% or greater, the we