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2.0 PROJECT DESCRIPTION 

Radian Corporation (Radian), under contract with the Omaha District U.S. 

Army Corps of Engineers (USACE), has prepared this Chemical Data Acquisition Plan 

(CDAP) for sampling sludge and soil from the sewage lagoons at Holloman Air Force Base 

(AFB), NM in support of the la.goon closure project. 

2.1 Bacground 

Holloman AFB submitted a Post-Closure Care Permit (PCCP) Application for 

the sewage lagoons in June 1991 to allow operation of the lagoons for wastewater treatment 

prior to final closure as hazardous waste management units. The application addresses 

Ponds A, B, C, D, E, F, and G, and includes a Delay-of-Closure Plan for these surface 

impoundments. As a condition for review of the PCCP application, the New Mexico 

Environment Department (NMED) is requiring a sampling and analysis program to be 

conducted in all impoundments downstream of Pond C, including Lakes Holloman and 

Stinky. The requirements are intended to demonstrate that hazardous constituents are not 

present in the sludge and underlying soil at levels that would adversely impact human health 

and the environment. 

Additional requirements were imposed on Holloman AFB by EPA Region VI 

in a letter dated 20 June 1991 which requested that data be collected on the total organic 

carbon (TOC) content of soils from borings completed adjacent to the sewage lagoons. 

EPA intends to use these data for fate and transport modeling to determine permissible 

levels of contamination in the sewage lagoons during the delay-of-closure period. 

In order to adequately address the NMED and EPA requirements and to 

prepare an approach that could be approved without significant modifications for unknown 

field conditions, a preliminary investigation was conducted by Radian in October 1991 to 
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determine the water depths and sludge thicknesses in the sewage lagoons. Results are 

summarized in Table 2-1. The work focused on Ponds C, D, E, F, and G, as well as Lakes 

Holloman and Stinky. At the time of the investigation, Lake Stinky was dry. 

The following observations were made during the preliminary investigation: 

• 

• 

Sludge generally occurs in a layered fashion of brownish-red material 
(flocculent at the surface and more coarse with depth) grading to a soft 
black material high in organic matter. In all lagoons, the sludge is 
underlain by a grey clay (considered the natural bottom surface of the 
lagoons). 

There is no apparent mounding of sludge near the influent point to any 
lagoon, unlike the situation previously observed in Ponds A and B. 

Based on the preliminary investigation, Radian prepared a strategy for 

investigation activities in the sewage lagoons. The approach to sludge and soil sampling was 

agreed upon after several conference calls involving personnel from Radian, USACE, 

Holloman AFB, NMED, EPA Region VI, and Headquarters Tactical Air Command (HQ 

TAC). The "Conceptual Plan for Sludge and Soil Sampling" (Radian, November 1991) 

summarizes the investigation approach. The NMED and EPA Region VI accepted and 

approved the Conceptual Plan in letters dated 18 November 1991 and 17 December 1991, 

respectively. 

2.2 Objectives 

The proposed sampling and analytical program will be structured to meet the 

requirements of the NMED and EPA, taking into consideration known field conditions at 

the present time. Sampling results will be used in part as a step toward final closure of the 

sewage lagoons. Specifically, the program is designed to meet the following objectives: 
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Table 2-1 

Summary of Preliminary Investigation Resultsa 

C 6 <2 7 4.5 Trace 10 6.5 

8 Field work conducted by Radian Corporation in October 1991. 



2.3 

• 

• 

Generate data needed to support review of the PCCP application; and 

Generate data to characterize the lagoons and provide a preliminary 
estimate of the nature and extent of contamination, if any, and the 
resulting impact on final closure scenarios. 

Environmental Settin& 

The following discussion of the meteorology, physical geography, soils, geology, 

and hydrology are from previous reports such as the Holloman AFB Records Search (CH2M 

Hill, August 1983) and the Holloman AFB RCRA Facility Assessment Report (AT. 

Kearney, September 1988). 

2.3.1 Meteorology 

Holloman AFB is located in the Tularosa Basin with mountain ranges to the 

east and west. The climate is arid with low annual rainfall and low relative humidity. The 

mountain ranges have a dramatic influence on the local weather; they provide orographic 

lifting to produce summer thunderstorms and modify approaching weather systems. 

Holloman AFB receives most of its total annual rainfall from thunderstorm activity during 

the May through October period. The winter season is generally dry, characterized by clear 

skies and erratic snowfall from year to year. The period from March through May is 

characterized by a strong southerly wind flow and periods of blowing dust and sand. 

Meteorological data for Holloman AFB are presented in Table 2-2. Mean annual 

precipitation is 7.9 inches. The mean annual lake evaporation rate, commonly used to 

estimate the mean annual evapotranspiration rate, is an estimated 67 inches per year. 

Therefore, the annual net precipitation (mean annual precipitation minus mean annual 

evapotranspiration) for the Holloman AFB area is approximately minus 59 inches per year. 

As a result, site soils are generally dry. 

2-4 

-

-



~ 
Vl 

" i 

Table 2-2 

Meteorological Data for Holloman AFBa 

Temperature (0F) 
Monthly mean 
Mean daily high 
Mean daily low 
Record high 
Record low 

Precipitation (in) 
Monthly mean 
Record maximum 
Record minimum 

Relative humidity (%) 
4 a.m. mean 
1 p.m. mean 

Surface wind 
Mean velocity (Knots) 
Prevailing direction 

41 I 
54 

281 78 
-11 

0.5 
1.9 

0 

66 
42 

~I 

:1 ~I 61 I 
76 

31 I ~I 45 I 80 94 
0 23 

0.4 0.3 0.2 
1.4 3.0 0.8 
Tb 0 0 

61 52 40 
35 27 19 

~I : I ~ I 

69 I 81 I 79 I ;1 84 93 91 

54 I 
1: I 1~ I 1~ I 1~ 
52 54 

0.4 0.7 1.2 1.3 
2.9 3.6 3.7 4.4 

0 T T 0.2 

42 42 60 66 
20 19 31 35 

: I : I ~ I 5 
s 

8 Source: Holloman Air Force Base Installation Program Records Search; CH2M Hill; August 1983. 
Period of record: September 1942 lo December 1981. 

bT =trace. 

62 I 
76 

El 
1.2 
3.9 

T 

68 
38 

4 
s 

49 I 49 I 42 I 61 
63 63 55 75 

~r .,., 
3J I 3J I ~I 

.. , 
82 82 109 

3 3 -11 

0.9 0.3 0.5 7.9 
4.2 2.5 2.4 4.4 

0 0 0 0 

61 61 63 57 
34 34 37 31 

4 4 4 5 
s s s s 



2.3.2 Physical Geography 

Holloman AFB is located in the southern part of New Mexico in the Tularosa 

Basin, as shown in Figure 2-1. The basin is approximately 120 miles long and 35 miles wide, 

extending from the southern end of Chupadera Mesa almost to the Texas border. The 

Tularosa Basin is part of a structural basin which is more than 200 miles long and 24 to 60 

miles wide, extending from southeastern Socorro County, New Mexico southward to 

Chiuahua, Mexico. In the vicinity of the Base, the Tularosa Basin is bounded 8 miles to the 

east by the Sacramento Mountains and 20 miles to the west by the San Andres Mountains. 

Elevations within the Tularosa Basin range from 4,400 feet above mean sea 

level (ft-msl) at the northeast comer to 4,000 ft-msl in the southwest comer, sloping 

downward to the southwest. Elevations at the Base range from 4,100 to 4,028 ft-msl, 

excluding Tularosa Peak. Elevations in the Sacramento Mountains reach 12,000 ft-msl and 

range from 7,000 to 9,000 ft-msl within the San Andres Mountains. 

The Tularosa Basin is a closed basin with regard to surface drainage. No 

surface water leaves the basin. Surface water is either lost to evaporation and infiltration 

or collects in the lowest point in the basin at or near Lake Lucero. This lake is located at 

the southwest edge of the gypsum dune field, known as White Sands National Monument, 

west of the Base. Surface water within the basin ultimately flows to Lake Lucero. Here, 

also a discharge point for groundwater, sulfate salts are concentrated by evaporation. The 

prevailing southwest winds then pick up and transport the salts, primarily gypsum, in a 

northeasterly direction to continue building the dune field of the White Sands National 

Monument. 

The Base is crossed by several southwest trending "arroyos" or intermittent 

stream beds including Lost River (the largest), Dillard Draw, Malone Draw, and several 

smaller tributaries such as Red Arroyo and Arroyo Cavacita. Lost River is fed by 
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groundwater seeps or springs. The river appears and disappears along its course as springs 

add water and evapotranspiration and infiltration recapture it. 

2.3.3 Soils and Geology 

Most of the Base is covered with well drained soils (fine sandy loam) formed 

in gypsiferous sediments of eolian (wind blown) or alluvial (stream deposition) origin. The 

soils are thin and overlie discontinuous beds of gypsum. The surface soils are nearly level 

with slopes ranging from 0 to 5 percent. Permeability of the soil horizons ranges from 4 x 

104 to 1 x 10-3 cm/sec (moderately permeable). 

Geologically, the Tularosa Basin is a graben structure, bounded on the east 

and west by mountains which are actually tilted fault blocks. The basin had its beginning 

over 270 million years ago when most of southern New Mexico was covered by a shallow 

sea. During the succeeding years, there were periods of inundation and each cycle left 

behind successive layers of sediments. Then, approximately 70 million years ago, a major 

mountain building episode occurred creating the Rocky Mountains. This upheaval caused 

the Tularosa area to be uplifted, forming a broad, gentle arch. As time passed, tectonic 

adjustments to the mountain building event took place and the top of this arch or dome 

collapsed (approximately 10 million years ago) along nearly vertical fault planes. The large 

area, which collapsed or settled, formed what is now the Tularosa Basin. 

The fault planes have produced steep scarps clearly visible on the west side of 

the Sacramento mountains. The basin, itself, is underlain mostly by unconsolidated bolson 

deposits more than 4,000 feet thick in the vicinity of Holloman AFB. A bolson is a basin 

which has no surface drainage outlet. Balson deposits refer to sediments carried by water 

into the closed basin or bolson. Only the uppermost bolson deposits are of significance to 

this investigation at this point in time. 
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2.3.4 Hydrology 

Surface water resources within the Tularosa Basin are limited by the high 

evapotranspiration rate and low annual rainfall. Perennial streams occur in the mountainous 

regions surrounding the basin including Rio Tularosa, Rio Bonita, and Eagle Creek. Rio 

Bonita, located northeast of Tularosa and approximately 60 miles from Holloman AFB, 

discharges to Bonita Lake which in tum is tapped for water supply, some of which is 

transmitted by pipeline to the Base. 

The intermittent streams and arroyos occurring within the basin are important 

drainage features only during the infrequent heavy rainfall, conveying surface water 

southwest to the basin's lowest 1elevation point (Lake Lucero). 

Man-made and/or modified surface water features have some significance in 

an area otherwise devoid of lakes, rivers, and streams. The wastewater treatment system 

at Holloman AFB consists of six aeration/ evaporation lagoons located in the southwest 

comer of the Base. Just southwest of these lagoons, a natural playa occurs, which receives 

discharge from the Base as well as seepage from the sewage lagoons. The inundated 

portion of the playa is referrf~d to as Lake Holloman. Surface drainage within the 

undeveloped parts of the Base is controlled by the major arroyos, including Lost River and 

Dillard Draw and their tributariies. Surface flows are directed southwest toward the White 

Sands National Monument. Drainage within the developed portion of the Base flows by way 

of ditches and culverts to the southwest corner of the Base, in the vicinity of the wastewater 

treatment lagoons. 

Groundwater occurs within the unconsolidated bolson fill at Holloman AFB. 

The Base obtains most of its water supply from wells installed in the fill. The Base well 

fields (Boles, Douglas, and San Andres) are located off-Base at the foot of the Sacramento 
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Mountains just south of Alamogordo. Groundwater beneath Holloman AFB is highly 

mineralized, containing dissolved solids in excess of 10,000 parts per million. 

At the base of the Sacramento Mountains, the hydraulic gradient is quite steep 

but then flattens out quickly. In the vicinity of Holloman AFB, the ground surface slopes 

to the southwest gently but at a slightly higher rate than the water table. Depth to water 

table at the well fields near the mountains is 270 feet or more below land surface (bls ), 

while at Holloman AFB the water table is 5 to 10 feet bls. Like surface drainage, 

groundwater flows predominately to the southwest, discharging by evapotranspiration. 

However, local groundwater flow direction appears to be influenced by the arroyos and 

draws. Potentiometric surface maps from the Holloman AFB Remedial Investigation (Walk, 

Haydel & Associates, Inc., 1989) indicate that groundwater flow is to the southeast at sites 

which are located northwest of Dillard Draw. The extent that the arroyos may effect 

groundwater flow throughout the Base is unknown. 

The bolson fill is derived from limestone, dolomite and gypsum from the 

surrounding mountains. Fresh water recharges the bolson fill at the base of the mountains, 

which contains highly soluble materials such as gypsum. Groundwater quickly dissolves 

these formation minerals, and groundwater quality degrades with increased contact time. 

Therefore, groundwater under Holloman AFB is non-potable. The only potable 

groundwater in the vicinity is near the recharge area near the base of the mountains. 
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3.0 CHEMICAL DATA QUALI1Y OBJECTIVES 

The overall objective of this work effort is to generate data to characterize the 

sewage lagoons and provide a preliminary estimate of the nature and extent of 

contamination, if any, and the resulting impact on final closure scenarios. The specific data 

quality objectives (DQOs) are to: 

• Collect the samples specified in Section 5 to adequately determine the 
presence or absence of contamination in the sewage lagoons; 

• Ensure data comparability through the use of standard methods and 
controlled systems to collect and analyze samples; 

• Provide analytical results of known and acceptable precision and 
accuracy; and 

• Gather data that could support an evaluation of the risks posed by the 
sewage lagoons to human health and the environment. 

Measurement data representativeness is a function of a sampling strategy and 

will be achieved using the procedures discussed in Section 5, Field Activities. Potential for 

sample contamination will be minimized by the use of decontamination procedures specified 

in Section 5.6.2. Data comparability will be achieved using standard methods and standard 

units of measure as specified in the methods described in Section 7. Analytical 

imprecisional bias will be controlled through the use of a quality control (QC) program 

using prescribed QC samples and corrective actions specified in Section 7. Imprecision and 

bias in natural matrix samples will be estimated by standard QC methods such as matrix 

spikes, field duplicates, and trip blanks. Confirmation of chemical identity will be performed 

by gas chromatography ( GC) analytical methods using second column confirmation 

procedures for samples with detected compounds or by mass spectroscopy. 
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A quality assurance/quality control {QA/QC) program will be used to ensure 

that the DQOs are met for the Holloman AFB project. QA/QC efforts are twofold. First, 

they provide the mechanism for ongoing control and evaluation of measurement data quality 

throughout the course of the project (i.e., system capability). Second, they specify quality 

control data to be used to define natural-matrix data quality for various measurement 

parameters, in terms of precision and accuracy. Control of measurement data quality (i.e., 

control of error sources that affect data quality) is possible for sample collection and 

analysis. However, matrix interference, or non-homogeneity, is not amenable to control and 

thus imprecision or bias due to these natural sources of error must be estimated from QC 

samples. For this project, sample collection error will be controlled through the use of 

standard sample collection methods and field logbooks. Sample analysis error will be 

controlled through the use of standard analytical methods, for which standard operating 

procedures (SOPs) are presented in Appendix A, performed on a capable analytical system, 

with quality control (QC) efforts as directed in published procedures. Natural matrix error 

will be estimated by standard QC methods such as matrix spikes, field duplicates, and trip 

blanks. 

3.1 Analytical Capability 

Efforts to control measurement error require that the analytical system be 

capable, in control, and appropriately sensitive for all analyses. System capability, in terms 

of accuracy and precision, may be documented by reporting system QC data (e.g., continuing 

calibration, quality control check samples (QCCS), and method spikes). System capability, 

in terms of sensitivity, may be documented through the use of maximum detection limits for 

system blanks (e.g., reagent, system and method blanks) and calibration standards. System 

control may be documented through the use of control charts or other statistical methods 

that indicate system performance over time. 
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Precision and accuracy objectives, in terms of maximum allowable imprecision 

and inaccuracy, for the various measurement parameters associated with site character

ization efforts, are presented in Table 3-1. Data capture objectives for all constituents are 

90 percent. Precision values presented in Table 3-1 represent a measure of variability for 

replicate measurements of the same parameter in clean-matrix, laboratory QC samples, 

expressed in terms of the coefficient of variation (CV, or relative standard deviation). CVs 

compared to precision objectives in Table 3-1 are calculated from data such as a series of 

continuing calibration results and QCCS results. Accuracy values for clean-matrix laboratory 

samples include components of both random error (i.e., variability due to imprecision) and 

systematic error (i.e., bias), and thus reflect the total analytical error for a given 

measurement, expressed as a pe:rcentage of the true value. The average relative percent 

difference between true and measured concentrations in continuing calibration and QCCS 

samples may be compared to accuracy objectives in Table 3-1. The basis for these estimates 

are, in most cases, described in the methods. The analytical laboratory will be able to 

document that the QA/QC procedure in each standard method, Chapter One and Method 

8000 of SW846, 3rd edition, Me1thod 1020 of Standard Methods for Examination of Water 

and Wastewater, 17th edition, or USACE Guidance Document ER 1110-1-263, was followed 

for all analytical work. Accuracy and precision estimates for samples in a natural matrix 

(which is much more difficult from an analytical standpoint) would not be expected to be 

within the objectives presented in Table 3-1. 

Sample detection limits must normally be sensitive to concentrations at or 

below Resource Conservation and Recovery Act (RCRA) health limits which are presented 

in Table 3-2. It is important to note that for a number of compounds, the specified 

detection limit does not reach the RCRA limit for the methods included in this 

investigation. Natural sample detection limits will depend on dilution effects. In general, 

dilutions will be performed only as directed in each representative method. For target 

analytes on gas chromatography/ mass spectrometry ( GC/MS) and gas chromatography ( GC) 

analyses, dilution will be perfonned if the target analyte concentrations exceed the 
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Table 3-1 

Estimated Precision and Accuracy Objectives for 
Soil and Sludge Samples 

Metalsc 

Arsenic 

Lead 

Mercury 

Selenium 

Thallium 

Pesticides/PCBs 

Organophosphorus 
Pesticides 

Chlorinated 
Herbicides 

Volatile Organic 
Compounds 

Semivolatile 
Organic 
Compounds 

Dioxins and Furans 

Cyanide 

Sulfide 

Total Organic 
Carbon 

SW6010 
ICPES 

SW7060 
Graphite Furnace AA 

SW7421 
Graphite Furnace AA 

SW7471 
Cold Vapor AA 

SW7740 
Graphite Furnace AA 

SW7841 

SW8080 
GC/ECD 

SW8140 
GC/FPD 

SW8150 
GC/ECD 

SW8240 
GC/MS 

SW8270 
GC/MS 

SW8280 

SW9012 

SW9030 

SW9060 

3-4 

10% ±10% 

15% ±15% 

15% ±15% 

15% ±15% 

15% ±15% 

15% ±15% 

50% See Method 8080, 
Table 3 

50% See Method 8140, 

50% 

Table 3 

See Method 8150, 
Table 3 

50% See Method 8240, 
Table 6 

50% See Method 8270, 
Table 6 

50% 40-120% 

20% 85-115% 

20% 80-120% 

20% 80-120% 

--



Table 3-1 

(Continued) 

a Coefficient of variation (CV or relative standard deviation) for replicate analytical determinations (exclusive of sampling variability). 
Average CV for a series of QCCS or continuing calibration samples will be compared to these objectives. 

bTotal error for a single measurement in a clear1, laboratory-controlled matrix, including both systematic error (bias) and random error 
(variability due to imprecision), expressed as a i:ercentage of the measured value. Average percent recovery for a series of QCCS or 
continuing calibration samples will be compared to these objectives. 

cICPES metals: antimony, barium, beryllium, ~1dmium, chromium, cobalt, copper, nickel, silver, tin, vanadium and zinc. 
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Table 3-2 ""' 

"'" 
Analytical Methods, Method Detection Limits, 

"" and Maximum Contaminant Levels ... 

""" 

-
.,. 

MHrALS 

Antimony- ICPES SW-846:6010 10 32 
d 

Barium* ICPES SW-846:6010 1 4,000 
d 

Beryllium ICPES SW-846:6010 0.2 0.2 
d 

Cadmium* ICPES SW-846:6010 0.5 40 
d 

Chromium (total)* ICPES SW-846:6010 1 400 so,oooe 
(Cr VI) (Crill) 

Cobalt ICPES SW-846:6010 1 
~' 

Copper* ICPES SW-846:6010 2 3200e 

Nickel* ICPES SW-846:6010 2 2,000 
d 

Silver* ICPES SW-846:6010 1 200 400f 

Tm ICPES SW-846:6010 60 48,000e 

Vanadium* ICPES SW-846:6010 2 560e 

Zinc* ICPES SW-846:6010 2 16,000e 111"~ 

Arsenic* GFAA SW-846:7060 0.4 80 24f 

Lead* GFAA SW-846:7421 0.3 114 
d 

Mercury* CVAA SW-846:7471 0.02 20 24e 

Selenium* GFAA SW-846:7740 0.5 400e 

Thallium* GFAA SW-846:7841 0.5 6e 

ORGANOCHLORINE PEm'ICIDES AND PCBs 

Aldrin GC/ECD SW-846:8080 0.001 0.04 
d "'' 

alpha-BHC GC/ECD SW-846:8080 0.001 0.1 
d 

beta-BHC GC/ECD SW-846:8080 0.001 4 
d 

delta-BHC GC/ECD SW-846:8080 0.001 

gamma-BHC (Lindane) GC/ECD SW-846:8080 0.001 0.5 
d 

Chlordane (technical) GC/ECD SW-846:8080 0.005 0.5 
d 

4,4'-DDD* GC/ECD SW-846:8080 0.001 3 
d 
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Table 3-2 

(Continued) 

4,4'-DDE* GC/BCD SW-846:8080 0.001 2 
d 

4,4'-DDT GC/BCD SW-846:8080 0.002 2 
d 

Dieldrin GC/BCD SW-846:8080 0.001 0.04 
d 

Endosulfan I* GC/BCD SW-846:8080 0.001 4 
d 

Endosulfan II GC/BCD SW-846:8080 0.003 4e 

Endosulfan sulfate GC/ECD SW-846:8080 0.005 4e 

Endrin GC/ECD SW-846:8080 0.001 20 24f 

Endrin aldehyde GC/lSCD SW-846:8080 0.002 

Heptachlor GC/JECD SW-846:8080 0.001 0.2 
d 

Heptachlor epoxide GC/JECD SW-846:8080 0.001 0.08 
d 

lsodrin GC/JECD SW-846:8080 0.001 

Kcpone• GC/lECD SW-846:8080 0.001 .. 
Methoxychlor GC/lECD SW-846:8080 0.005 400e 

Toxaphene GC/JECD SW-846:8080 0.050 0.6 
d 

PCB-1016 GC/JECD SW-846:8080 0.010 0.09 
d 

PCB-1221 GC/JECD SW-846:8080 0.020 0.09 
d 

PCB-1232 GC/JECD SW-846:8080 0.020 0.09 
d 

PCB-1242 GC/JECD SW-846:8080 0.010 0.09 
d 

PCB-1248 GC(ECD SW-846:8080 0.010 0.09 
d 

PCB-1254* GC(ECD SW-846:8080 0.020 0.09 
d 

PCB-1260* GC(ECD SW-846:8080 0.020 0.09 
d 

ORGANOPHOSPHOR.US PES'llODES 

Dimethoate GC/FPD SW-846:8140 0.020 2,000 16e 

Disulfoton GC/FPD SW-846:8140 0.020 3 
d 

Ethyl parathion GC/FPD SW-846:8140 O.QlS 500 
d 

Famphur GC/FPD SW-846:8140 0.050 
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Table 3-2 ""' 
"" 

(Continued) 
""' ... 

""' ... 
•~it 

Parathion methyl GC/FPD SW-846:8140 0.003 30 20e 

Phorate GC/FPD SW-846:8140 o.ois 

Sulfotepp GC/FPD SW-846:8140 0.010 40 
d 

Thionazin GC/FPD SW-846:8140 0.100 

o,o,o-Triethylphosphorthioate GC/FPD SW-846:8140 0.100 

an.oRINAlFD HBRBICDES 

2,4-D GC/ECD SW-846:8150 0.120 800 
d 

2,4,5-T GC/ECD SW-846:8150 0.020 8,oooe Wif,, 

2,4,5-TP (Silvex) GC/ECD SW-846:8150 0.017 640e 

Dinoseb GC/ECD SW-846:8150 o.ois goe 

VOIA'DLB ORGANI~ 

Acetone• GC/MS SW-846:8240 10 8,000 
d 

Acctonitrile GCfMS SW-846:8240 10 500 
d 

Acrolein GC/MS SW-846:8240 7.5 

ACiylonitrile GC/MS SW-846:8240 5 1 1.3e 

Benzene GC/MS SW-846:8240 0.5 24f 

Bromodichloromethane GC/MS SW-846:8240 0.5 0.5 5e 

Bromomethane GC/MS SW-846:8240 1 100 112e 

Carbon disulfide* GC/MS SW-846:8240 0.5 8,000 
d 

Carbon tetrachloride GC/MS SW-846:8240 0.5 5 
d 

2-Chloro-1,3-butadiene GC/MS SW-846:8240 2.5 1,600e 

Chlorobenzene GC/MS SW-846:8240 0.5 2,000 1,600e 

Chloroethane GC/MS SW-846:8240 1 

Chloroform GC/MS SW-846:8240 0.5 100 use 

Chloromethane GC/MS SW-846:8240 1 -
~Chloropropene GCfMS SW-846:8240 0.5 4,000e 

fl'~ 

ta" 

3-8 """' 
..,., 



Table 3-2 

(Continued) 

Dibromochlorometbane GC/MS SW-846:8240 o.s 1,600e 

1,2-Dibromo-3-<:hloropropane GC/MS SW-846:8240 2 0.03e 

1,2-Dibromoctbane GC/MS SW-846:8240 o.s o.oose 

Dibromomethane GC/MS SW-846:8240 o.s ,, 
trans-1,4-Dichloro-2-butene GC/MS SW-846:8240 1 

Dichlorodifluoromethane GC/MS SW-846:8240 2 20,000 16,oooe 

1,2-Dichlorocthane GC/MS SW-846:8240 o.s 8 
d 

''14 
trans-1,2-Dichlorocthene GC/MS SW-846:8240 o.s 1,600e 

1,1-Dichloroctbane GC/MS SW-846:8240 o.s 8,oooe 

1,1-Dichlorocthene GCJMS SW-846:8240 o.s 10 le 

1,2-Dichloropropane GC/MS SW-846:8240 o.s 1oe 

cis-1,'.>Dichloropropcne GC/MS SW-846:8240 o.s 20 4e .. 
trans-1,'.>Dichloropropcne GC/MS SW-846:8240 o.s 20 4e 

Ethyl benzene GC/MS SW-846:8240 o.s 8,000 
d 

Ethyl methacrylate GC/MS SW-846:8240 o.s 7,200e 

2-Hexanone GC/MS SW-846:8240 5 

lodomethane GC/MS SW-846:8240 o.s 

Methylene chloride* GC/MS SW-846:8240 o.s 90 
d 

2-Butanone (MEK) GC/MS SW-846:8240 10 4,000 
d 

Methyl methacrylate GC/MS SW-846:8240 o.s 6,400e 

4-Mcthyl-2-pcntanone GC/MS SW-846:8240 5 4,000 
d 

Propanenitrilc GC/MS SW-846:8240 10 

Styrene GC/MS SW-846:8240 o.s 20,000 23e 

1,1,1,2-Tetrachlorocthanc GC/MS SW-846:8240 o.s 300 269e 

1, 1,2,2-Tetrachlorocthane GC/MS SW-846:8240 o.s 40 3Se 

Tctrachloroctbcne GC/MS SW-846:8240 o.s 10 14f 

3-9 



Table 3-2 

(Continued) 

""" 
Toluene GC/MS SW-846:8240 o.s 20,000 16,ooot 

Tnbromomethane GC/MS SW-846:8240 o.s 2,000 1,600e 

1,1,1-Trichloroethane GC/MS SW-846:8240 0.5 7,000 7;i,ooe 

1,1,2-Trichloroethane GC/MS SW-846:8240 o.s 100 123f 

Trichloroethene GC/MS SW-846:8240 0.5 60 64e 

Trichlorotluoromethane GC/MS SW-846:8240 1 20,000 24,000e 

1,2,3-Trichloropropane GC/MS SW-846:8240 o.s 500 400e 

Vinyl Acetate GC/MS SW-846:8240 o.s so,oooe 

Vinyl Chloride GC/MS SW-846:8240 1 0.4e f$.,H 

Xylenes (total) GC/MS SW-846:8240 0.5 200,000 160,000e 

VOI.A'IUB ORGANICS (Dilm Injection) 

1,4-Dioxane GC/MS SW-846:8240 1 60 64e 

lsobutanol GC/MS SW-846:8240 1 20,000 24,000e 

Methacrylonitrile GC/MS SW-846:8240 1 8 
d 

SBMIVOI.A'IUB ORGANICS 

Acenaphthene GC/MS SW-846:8270 1 4,800e 

Acenaphthylene GC/MS SW-846:8270 1 

Acetophenone GC/MS SW-846:8270 s 8,000 
d 

2-Acetylaminotluorene GC/MS SW-846:8270 1 

4-Aminobiphenyl GC/MS SW-846:8270 1 

Aniline GC/MS SW-846:8270 1 100 goe 

Anthracene• GC/MS SW-846:8270 1 0.29 

Aramite GC/MS SW-846:8270 10 4,000e 

Benzo( a)anthracene• GC/MS SW-846:8270 1 0.49 

Vf 

Benzo(a)pyrene• GC/MS SW-846:8270 1 0.06e 

Benzo(b )tluoranthene• GC/MS SW-846:8270 1 0.49 

"'" 

-
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Table 3-2 

(Continued) 

Benzo(g,h,i)pcrylene GC/MS SW-846:8270 1 2.89 

Benzo(k)fluoranthene• GC/MS SW-846:8270 1 0.99 

Benzyl alcohol GC/MS SW-846:8270 1 240e 

4-Bromophenyl phenyl ether GC/MS SW-846:8270 1 

Butylbenzylphthalate• GC/MS SW-846:8270 1 20,000 16,0001 

4-Chloro-3-methylphenol GC/MS SW-846:8270 1 

4-Chloroaniline* GC/MS SW-846:8270 1 320e 

Chlorobenzilate GC/MS SW-846:8270 1 l,600e 

bis(2-Chloroethoxy)methane GC/MS SW-846:8270 1 

bis(2-Chloroethyl)ether GC/MS SW-846:8270 1 0.6 
d 

bis(2-Chloroisopropyl)ether GC/MS SW-846:8270 

'•~\iii 
2-Chloronaphthalene GC/MS SW-846:8270 1 

2-Chlorophenol GC/MS SW-846:8270 1 400 
d 

4-Chlorophenyl phenyl ether GC/MS SW-846:8270 1 

Chrysene• GC/MS SW-846:8270 1 149 

Diallate GC/MS SW-846:8270 1 11 e 

Dibenz( a,h)anthracene GC;MS SW-846:8270 1 o.ose 

Dibenzofuran • GCJMS SW-846:8270 1 o.ooooose 

1,2-Dichlorobenzene GC1MS SW-846:8270 1 7~e 

1,3-Dichlorobenzene GC1MS SW-846:8270 1 

1,4-Dichlorobenzene GC/MS SW-846:8270 1 290e 

3,3'-Dichlorobenzidine GC/MS SW-846:8270 2 2 
d 

2,4-Dichlorophenol GC/MS SW-846:8270 1 200 240e 

2,6-Dichlorophenol GC/MS SW-846:8270 1 

Diethylphthalate GC/MS SW-846:8270 1 80,000 64,oooe 

p-Dimethylaminoazobenzene GC/MS SW-846:8270 1 
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Table 3-2 ~f" 

(Continued) .... 

--... 
ll'!it 

7,12-Dimethylbeoz(a )anthracene GC/MS SW-846:8270 5 ""' 
3,3'-Dimethylbenzidine GC/MS SW-846:8270 2 o.ose -
Dimethylphenethylamine GCfMS SW-846:8270 1 

IJW$l 

2,4-Dimethylphenol GC/MS SW-846:8270 1 1,600e 

'"" 
Dimethylpthalate GC/MS SW-846:8270 1 so,oooe 

4,6-Dinitro-2-methylphenol GCfMS SW-846:8270 5 

Di-n-butylphthalate• GCfMS SW-846:8270 5 8,000 
d 

Di-n-octylphthalate• GC/MS SW-846:8270 1 l,600e 

1,3-Dinitrobeozene GC/MS SW-846:8270 1 8 
d 

2,4-Dinitrophenol GC/MS SW-846:8270 5 200 160e 

2,4-Dinitrotoluene GC/MS SW-846:8270 1 ,,,,. 

2,6-Dinitrotoluene GCfMS SW-846:8270 1 1 
d 

ili!:<l.'1-J-

Diphenylamine GC/MS SW-846:8270 1 2,000 
d 

""' 
bis(2-Ethylhexyl)phthalate• GC/MS SW-846:8270 1 50 d 

Etbylmethane sulfonate GC/MS SW-846:8270 1 

Fluorantbene• GC/MS SW-846:8270 3,200e !!&''"' 

1 

Fluorene GC/MS SW-846:8270 1 3,200e .... iv 

Hexacblorobeozene GC/MS SW-846:8270 1 0.4e f¥>i"' 

Hexacblorobutadiene GC/MS SW-846:8270 1 90 
d 

Hexachlorocyclopentadiene GC/MS SW-846:8270 1 600 560e 

""'" 
Hexachloroetbanc GCfMS SW-846:8270 1 80 

d 

Hexachlorophene GCfMS SW-846:8270 1.0 20 24 e 

Hexachloropropene GC/MS SW-846:8270 1 -· lndeno(l,2,3-c,d)pyrene GC/MS SW-846:8270 1 0.3e 

lsopborone GC/MS 2,000 1,700e 
.., .. 

SW-846:8270 1 

lsosafrole GCfMS SW-846:8270 1 

-
""" 
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Table 3-2 

(Continued) 

Methapyrilene GC/MS SW-846:8270 1 

3-Methylchloanthrene GC/MS SW-846:8270 1 

Methyl methanesulfonate GC/MS SW-846:8270 1 

2-Methyl naphthalene GC/MS SW-846:8270 1 

2-Methylphenol GC/MS SW-846:8270 1 4,000 
d 

3-Methylphenol GC/MS SW-846:8270 1 4,000 
d 

4-Methylphenol GC/MS SW-846:8270 1 4,000 
d 

,. 
Naphthalene GC/MS SW-846:8270 1 320e 

1,4-Naphthoquinone GC/MS SW-846:8270 1 

1-Naphthylamine GC/MS SW-846:8270 1 

2-Naphthylamine GC/MS SW-846:8270 1 

2-Nitroaniline GC/MS SW-846:8270 s 
3-Nitroaniline GC/MS SW-846:8270 s 

4-Nitroaniline GC/MS SW-846:8270 s 
Nitrobcnzcne GC/MS SW-846:8270 1 40 

d 

2-Nitrophenol GC/MS SW-846:8270 1 

4-Nitrophenol GC/MS SW-846:8270 5 

4-Nitroquinoline-N-oxide GC/MS SW-846:8270 10 

N-Nitroso-di-n-butylamine GC/MS SW-846:8270 1 0.1 
d 

N-Nitrosodiethylamine GC/MS SW-846:8270 1 o.oose 

N-Nitrosodiphenylamine GC/MS SW-846:8270 1 100 143e 

N-Nitrosodipropylamine GC/MS SW-846:8270 1 0.1 
d 

N-Nitrosodimethylamine GC/MS SW-846:8270 1 

N-Nitrosomethylethylamine GC/MS SW-846:8270 1 0.03 
d 

N-Nitrosomorpholine GC/MS SW-846:8270 1 

N-Nitrosopiperidine GC/MS SW-846:8270 1 
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Table 3-2 

(Continued) 

N-Nitrosopyrrolidine GC/MS SW-S46:8270 1 0.3 
d 

5-Nitro-o-toluidine GCfMS SW-S46:8270 1 

Pentachlorobenzene GC/MS SW-S46:8270 1 60 64e 

Pentachloroethane GC/MS SW-S46:8270 1 

Pentachloronitrobenzene GC/MS SW-S46:8270 1 200 30e 

Pentachlorophenol GC/MS SW-S46:8270 5 2,000 

Phenacetin GCfMS SW-S46:8270 1 

Phenanthrene• GC/MS SW-S46:8270 1 

Phenol GC/MS SW-S46:8270 1 50,000 48,000 e 

p-Phenylenediamine GC/MS SW-S46:8270 5 

2-Picoline GC/MS SW-S46:8270 1 

Pronamide GC/MS SW-S46:8270 1 6,000 6,400 e 

Pyrene• GC/MS SW-S46:8270 1 2,4001 

Pyridine GC/MS SW-S46:8270 1 80 
d 

Safrole GC/MS SW-S46:8270 1 

1,2,4,5-Tetrachlorobenzene GC/MS SW-S46:8270 1 20 24e 

2,3,4,6-Tetrachlorophenol GC/MS SW-S46:8270 2 2,000 2,400e 

o-Toluidine GC/MS SW-S46:8270 1 3e 

1,2,4-Trichlorobenzene• GC/MS SW-S46:8270 1 2,000 10se 

2,4,5-Trichlorophenol GC/MS SW-S46:8270 1 8,000 
d 

2,4,6-Trichlorophenol GC/MS SW-S46:8270 1 40 63e 

DIOXINS AND FURANS 

2,3,7,8-Tetrachlorodibenzo-p-dioxin GC/MS SW-S46:8280 0.00008 0.00000.se 

Tetrachlorodibenzo-p-dioxins GC/MS SW-S46:8280 0.00008 o.ooooo.se 
lfl!l!1r.J!.' 

Tetrachlorodibenzo-p-furans GC/MS SW-S46:8280 0.00006 o.ooooo.se 
Pentachlorodibenzo-p-dioxins GC/MS SW-S46:8280 0.0002 o.ooooose 
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Table 3-2 

(Continued) 

Pentachlorodibenzo-p-furans GC/MS SW-846:8280 0.00008 o.~ 

Hexachlorodibenzo-p-dioxins GC/MS SW-846:8280 0.0002 0.0001 

Hexachlorodibenzo-p-furans GC/MS SW-846:8280 0.0001 o.~ 

GENERAL 

Cyanide* Coloriinetric SW-846:9012 1 2,000 1,600e 

Sulfide* Titran1etric SW-846:9030 50 

Total Organic Carbon* IR SW-846:9060 2,000 

a Method Detection Umit is the minimum com:entration of a substance that can be measured and reported. Method Detection Limits 
are highly matrix dependent and may not always be achievable. 

b Values taken from "Draft Preliminary Standlliids for RCRA Risk Assessment," Appendix 3, EPA Region VI, 20February1991; and 
27 July 1990 Fed. Reg., "Corrective Action fo:r SWMUs at Hazardous Waste Management Facilities; Proposed Rule," Appendix A 

c Values calculated using the reference dose (ltfD) or slope factor (SF) with EPA's method for calculating action levels (Appendix 4 of 
"Draft Preliminary Standards for RCRA Risll. Assessment," EPA Region VI, 20 February 1991; and 27July1990 Fed. Reg., 
"Corrective Action for SWMUs at Hazardous Waste Management Facilities," Appendix E. The source of the RIDs and SFs used in 
the calculation are designated by a footnote for each HBL value in this column. 

d Values calculated using a RID or SF are equivalent to the "RCRA" values. 
e RID or SF used in calculation of HBL from.Health Effects Assessment Summary Tables, FY-1991 Annual, EPA, Washington D.C., 

January, 1991. 
f RfD or SF used in calculation of HBL fromJntegrated Risk Information SeIVice ORIS), EPA, January, 1992. 
g SF used in calculation of HBL calculated usi1~g method in Comparative Potency Approach for Estimating the Cancer RiskAssociated 

with Exposure to Mixtures of Polycyclic Arornatic Hydrocarbons, Interim Final, ICF-Oement Associates, Fairfax, Virginia, April 1, 
1988. 

h SF derived using methodology in "Docket Rc:port on Health-Based Levels and Solubitities Used in the Evaluation of Delisting 
Petitions, Submitted Under 40 CFR Parts 260.20 and 260.22." Science Applications International Corporation, McLean, Virginia, 
November, 1989. 

• Denotes chemicals previously detected at the Holloman AFB sewage lagoons. 

IR 
ICPES 
GFAA 
CVAA 
GC/MS 
SW-846 

EPA 
N/A 
IC 
GC/FPD 
GC/ECD 
HML 

Infrared Spectrometry 
Inductively Coupled Plasma Emission Spectroscopy 
Graphite Furnace Atomic Absorption 
Cold Vapor Atomic Absorption 
Gas Chromatography/Mass Spc:ctrometry 
Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, U.S. EPA, Office of Solid Waste and 
Emergency Response, Novembc:r 1986, third edition. 
Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020. 
Not Applicable 
Ion Chromatography 
Gas Chromatography /Flame Photometric Detector 
Gas Chromatography /Electron Capture Detector 
California Department of Heal:th Services; Hazardous Materials Laboratory 
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calibration range. For non-target analytes on GC/MS and GC analyses, dilutions will be 

performed when non-target analyte response interferes with target analyte response, and to 

achieve an internal standard response of approximately 20 percent of the maximum peak 

response. When samples are diluted after an initial undiluted analysis, data for target 

analytes with response within the calibration range for the undiluted analysis will be 

collected and reported with target analytes from diluted analyses, except in cases where 

method detection limits listed in the table exceed RCRA limits as previously discussed. For 

these compounds, high method detection limits will not result in unusable data. If natural 

sample detection limits exceed RCRA limits for any other compounds, the analytical 

laboratory must document what prompted the higher detection limits and the maximum con

centrations that were allowable on the calibration curve. This level of effort is required on 

a sample-by-sample basis and may not be applied to batches of samples. 

QC procedures used as an on-going control (i.e., feedback mechanism) for the 

analytical system are presented in Section 7, Table 7-2. For each method, control 

procedures, acceptance criteria and corrective actions are detailed. Data for each control 

procedure will be evaluated against these acceptance criteria to prove the analytical system 

was in control during sample analyses and thus, results are defensible. This table is a 

summary of information from SW-846 Chapter One and Method 8000 and individual 

methods. As such, it is intended to be used as a guide. 

3.2 Field Duplicate Samples 

Field duplicate samples will be analyzed for the purpose of assessing precision, 

including variability associated with both the laboratory analysis and the sample collection 

process. Duplicate samples will be collected at a minimum frequency of 5 percent of all 

field samples collected for both external quality assurance (QA) and internal quality control 

(QC) samples. The QA samples will be sent to the USA CE Missouri River Division 

(MRD) laboratory for analysis. The QA field duplicates will be assigned the same sample 
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number as the initial sample so that results may be used as an independent assessment of 

combined sampling and analytical variability. 

3.3 

quality: 

Definitions of Laboratory Quality Control Samples 

The following quality control samples will be used to control and assess data 

• System blank - deionized water analyzed after calibration to assess 
system contamination. 

• Reagent blank - reagent water taken through the digestion/ extraction 
process as though it were an actual sample. 

• Calibration check sample - a standard used to verify instrument 
calibration. 

• QC check sample (QCCS) - known concentration of alternate-source 
reference materials spiked into an aliquot of deionized water. For 
dioxins and furans, the QCCS will be a second, independently prepared 
spike solution. This sample is taken through the digestion/ extraction 
process as though it were an actual sample. The purpose of a QCCS 
analysis is to determine whether failure to meet QC acceptance criteria 
for a matrix spike is due to matrix interference in the sample, or to an 
out-of-control condition associated with the analytical system. 

• Method spike - known concentration of standard materials (i.e., materi
als used for calibration purposes) spiked onto glass wool or for dioxins 
and furans, sodium sulfate (N3iS04) (clean solid matrices). This 
sample is processed (i.e., extracted, digested) like all natural matrix 
samples. The purpose of a method spike, or blank spike, is to 
determine if the analytical system is in control, and capable, per 
method specifications. 
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• 

Matrix spike/matrix spike duplicates (MS/MSD) - splits from field 
samples spiked with known concentrations of reference materials and 
taken through the entire digestion/ extraction process. The matrix 
spike allows the laboratory to assess the efficiency of extraction, 
accuracy of the analysis, and possible matrix effects. Analysis of a 
duplicate matrix spike, another aliquot of the sample spiked at the 
same concentration as the MS, allows the laboratory to assess precision 
at known concentrations. 

Surrogate spikes - For GC and GC/MS analyses, identifiable com
pounds not present in the sample matrix are added to every field 
sample. 

• Duplicate analyses - samples split in the lab and treated as two inde
pendent samples. For Holloman AFB, approximately 5 percent of 
each sample batch will be analyzed in duplicate for sulfide and total 
organic carbon. 

• ICPES interference check sample - an ICPES QC check sample which 
contains interferents and analyte concentrations at levels specified by 
EPA Analyzed at the beginning and end of each sample analysis 
sequence, results are used to verify inter-element and background 
correction factors. 
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4.0 PROJECT ORGANIZATION AND FUNCTIONAL AREA 

RESPONSIBILITIES 

Radian's project te:am for the Holloman AFB project will be composed of a 

Program Manager, a Project Director, and a Quality Assurance Coordinator. Roles and 

responsibilities of key personnel are discussed below. 

4.1 Roles and Responsibilities 

Mr. Wallace Hise will serve as the Program Manager for this project. In this 

role, Mr. Hise will have the overall responsibility, authority, and accountability for the 

project. He will function as the primary interface between the Corps of Engineers, Radian 

management, subcontractor management, and the project team. In executing these duties, 

he will: 

• Have responsibility for meeting all contractual requirements for the 
task; 

• Administer and supervise all contractual requirements for the task; 

• 

• 

Direct fommlation of work plans in accordance with client directions; 

Have responsibility for assuring that required staffing levels and 
technical expertise are provided; 

• Keep the USACE Project Manager informed on all aspects of the 
program induding expenditures, progress, problems, and recommended 
solutions; 

• Be available to the Radian Project Director for action on any problem 
requiring additional management or technical support; 

• Keep Radian management informed on all matters relating to the 
program; and 

• Review technical project outputs prior to issue . 
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Ms. Cris Hine will serve as the Project Director for this project. In this 

capacity, she will be responsible for organizing and directing the technical activities of the 

project and for reporting the results of these activities. She will have day-to-day interaction 

with the Technical Staff. In the execution of these duties, Ms. Hine will: 

• Establish technical objectives and assist the Program Manager in the 
preparation and review of work plans; 

• Be responsible for responding to work plan revisions; 

• Advise the Program Manager of technical progress, expenditures, 
program needs, potential problems, and recommended solutions; 

• Assure technical quality of reports, memoranda, and other 
communications through review of results; 

• Maintain contact with the USACE Project Manager in areas that 
require decisions on technical matters; and, 

• Confer with the Radian Program Manager in the selection of 
supporting technical staff and be responsible for reviewing their 
performance through the program. 

Mrs. Jean Youngerman will serve as the Quality Assurance Coordinator 

(QAC). In this role, she will be responsible for development and execution of QA activities 

in all phases of the project, including test plan design, execution, data reduction, and 

reporting. Her responsibilities will include: 

• Coordinating any external QA audit activities requested by the USACE; 

• Serving as an in-house consultant to the Project Director and Task 
Leaders in defining data quality goals or requirements and in 
development of a project-specific, internal quality control system which 
is responsive to these goals; 
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• Coordinating preparation of the project quality assurance reports that 
document the project-specific policies, organization, objectives, 
functional activities, and specific QA and QC procedures and activities 
designed to achieve data quality goals or requirements; 

• Providing independent review of the project approach, methods, and 
experimental design; 

• Providing the mechanism whereby quality assurance problems may be 
brought to the immediate attention of the Project Director and 
Program Manager or, if warranted, may be brought directly to the 
attention of the Vice President of the technical staff through the 
Quality Assurance Director, for implementation of corrective action; 
and 

• Documenting the results of all QA/QC activities in reports to Radian 
managemenlt and to clients. 

Subcontractor staff managers assume ultimate responsibility for all 

operations in their subcontracts. Subcontractors and key personnel are discussed below. 

4.2 Laboratocy Qualifications 

Radian laboratory qualifications are summarized in Table 4-1. All Holloman 

AFB samples will be analyzed by Radian Analytical Services. Radian's analytical laboratory 

client services representative will be Mr. Steve Gibson. Mr. Gibson will have ultimate 

responsibility for all analyses pc~rformed at Radian's laboratories. 

4.3 Subcontractor Qualifications 

4.3.1 Drilling 

Radian has subcontracted Southwest Engineering, Inc. (SEI), Las Cruces, NM 

to provide all drilling services. SEI is a Small Business and a licensed New Mexico 
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Table 4-1 

Laboratory Certifications and Approvals 
Radian Corporation, Austin, Texas 

1. U.S. EPA Regions IV, V, VI, IX for CLP Protocol; Full Inorganics 

2. U.S. EPA EMSL WS Drinking Water PE Participant 

3. U.S. EPA EMSL WP Waste Water 

4. U.S. EPA OSW PE Participant 

5. U.S. EPA Participant in the National Pesticide Survey 

6. U.S. Army Corps of Engineers; Validation 

7. U.S. Navy NEESA Approval 

8. U.S. Army; Martin Marietta for Hazwrap Programs 

9. U.S. Air Force; OEHL Audit and Approval 

10. U.S. Department of Agriculture; Import of Overseas Samples 

1. New York DOH 

2. New Jersey DEP 

3. California DOHS 

4. Texas (TWC) Approval 

5. Oklahoma WRB 

6. South Carolina DOH/EC 

7. Kansas DHE 

8. Pennsylvania DER 

9. North Carolina DEH & NR 

10. Wisconsin DNR 

1. AIHA Certification 
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water-well driller. Mr. Paul Pompeo will be assigned to this project. He is responsible to 

complete the work as stated in the USACE Scope of Services (SOS) and Radian's Statement 

of Work (SOW) for drilling services. 

4.3.2 Sludge Sampling 

The sludge and soil sampling at the ponds and lakes will be completed with 

the help of Quaternary Resource Investigations, Inc. (QRI), Baton Rouge, LA. QRI is a 

Small Business. Mr. Scott Elm<~r will be assigned to this project and will be responsible for 

following all sampling protocols outlined in the USACE SOS and Radian's SOW for 

sampling for this delivery order. 

4.3.3 Survey Activities 

The surveying of sludge and soil sampling locations, soil borings, and monitor 

wells will be completed by Moy Surveying, Las Cruces, NM. Moy Surveying is a Small 

Disadvantaged Business and is registered in the State of New Mexico. Mr. Jorge Moy will 

be asssigned to this project and will be responsible for following all survey protocols outlined 

in the USACE SOS and Radian's SOW for this delivery order. 
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5.0 FIELD ACTIVITIES 

In order to achieve the objectives of this program, Radian will perform a 

series of field tasks at Hollom:m AFB. The activities were developed according to the 

USACE Scope of Services for Holloman AFB (23 December 1991) and are discussed in this 

section. 

5.1 Sludee and Soil Samples 

5.1.1 Sample Locations 

The sample locations and intervals proposed in this CDAP are based on a 

preliminary survey of the sewage lagoons and lakes conducted by Radian in October 1991. 

The sample distribution within each lagoon was chosen such that a sample will be collected 

near each overflow to an adjacent lagoon, and the remaining samples will be distributed 

across the impoundment to provide the maximum information possible given 1) the limited 

number of samples to be collected, and 2) the relative size of the impoundments. Based on 

the preliminary survey, this approach is considered reasonable because no sludge mounds 

or "hot spots" are anticipated in the lagoons downstream of Ponds A and B. 

Both sludge and underlying soil samples will be collected from Ponds C, E, 

F, G and Lake Holloman. In Pond D, Lake Stinky, and one Ditch and Overflow (DT-01) 

location only soil samples will be collected. In addition, soil samples will be collected from 

a former overflow from Pond JD, and the ditch leading from the Pond G outfall to Lake 

Holloman. For each pond or lake, a sample location will be within 200 ft of the influent 

and effluent points. Figures 5-1, 5-2, and 5-3 illustrate the sample location and sample 

interval requirements for each core. 
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5.1.2 Sampling Procedures 

Sludge and underlying soil samples will be collected from a floating raft using 

either standard stainless steel split-spoons (ASTM Method D-1586), or a method known as 

''vibracoring". The Vibracore® t1echnique obtains a continuous undisturbed core (consisting 

of sludge and underlying soil) to depths up to 20 ft below ground level (BGL). Either a 

thin-walled aluminum or lexan sampling tube will be used with the Vibracore® technique 

to collect the sample. Using either technique, the samples of the sludge and soil will be 

collected from the intervals specified in Table 5-1. Figures 5-1, 5-2 and 5-3 illustrate the 

sample location and interval requirements for each core. 

After the samples are collected, they will be extracted from the core and 

handled with decontaminated stainless steel sampling equipment. Samples for volatile 

organics will be collected first (to minimize loss of volatile compounds) for each matrix, as 

appropriate, at the proposed sample intervals. After the volatile organic samples are 

collected, each sample interval will be placed in a separate decontaminated stainless steel 

sample bowl and homogenized prior to being containerized. These samples will be analyzed 

for the parameters outlined in Section 5.3. It is likely that some sample locations will 

require more than one sludge "core" to provide sufficient volume for all analyses. In 

addition to the parameters outlined in Section 5.3, two total organic carbon (TOC) soil 

samples will be collected from each pond. The samples will be collected from the 0 to 2 

ft and 2 to 4 ft intervals (where 0 ft is the sludge/soil interface) from the same core. Visual, 

physical, and other characteristics of the soil cores will be recorded. 

Each core will be backfilled with cement grout upon completion. The cement 

grout will consist of a mixture of one bag of Portland cement (ASTM C 150), 7 gallons of 

water and 3 to 5 lbs of bentonite powder. 
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Table S-1 

Sample Intervals for Sludge and Soil 
Sample Locations 

:1111:11111:1111111111111111111111i1111111111111111111111111111111111111111111111111111:111u1111111111m111111111ur111111111111L .. ,:,-:1t .... :;:111111111111111 1111111111111111111111r11111111111111;11n111111111111111111111111111111111111111111111111: 

Pond C C-01 x x x 
C-02 x x 
C-03 x x x 
C-04 x x 
C-05 x x 
C-06 x x x 

PondD D-01 x x 
D-02 x 
D-03 x x 
D-04 x 
D-05 x x 
D-06 x 

Pond E E-01 x x 
E-02 x x x 
E-03 x x 
E-04 x x x 
E-05 x x x 

PondF F-01 x x x 
F-02 x x 

PondG G-01 x x 
G-02 x x x 
G-03 x x 
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Table 5-1 

(Continued) 

!l:llll!ll!llllll!lllll:illllll:1111111:111111:1111tllllllllllllllilllllli!li!ii1:tllll!llllllllnlllllliiillllllllllllllllllilllllUll!li!lll1lllil:!ll11111ill!ilililllllll! ilillli!lf!l!lllilf:ll!lll!ill!lll!llil!i!I! :l!!l!!!l!illl!lllll!lllllllllllillllliililll!illllli; 

G-04 x x 
G-05 x x x 
G-06 x x 

Lake Holloman LH-01 x x 
LH-02 x x x 
LH-03 x x 
LH-04 x x 
LH-05 x x x 
LH-06 x x 
LH-07 x x 

Lake Stinky LS-01 x x 
LS-02 x x 
LS-03 x x 

Ditch and Overflow DT-01 * x x 
DT-02 x x 
DT-03 x x 
DT-04 x x 
DT-05 DIF DIF DIF 

Total Samples 30 40 18 

*No sludge was encountered at the overflow )()cation (DT-01); therefore, samples will be collected from the 0-2 and 2-4 ft intervals. 

DIP = The two sample intervals will be deter:mined in field. 
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5.2 Soil Borina=s 

5.2.1 Locations 

Soil samples will be collected from 2 borings located outside of the ponds, 

lakes, and ditches. As illustrated in Figure 5-4, one boring will be drilled in a hydrogeo

logically upgradient location near monitor well MW-1, and the second boring will be drilled 

in a hydrogeologically downgradient location near monitor well MW-3. 

5.2.2 Sampling Procedures 

In each of the 2 soil borings, samples will be collected at 5 ft intervals to 25 

ft BGL. At each of the 5 intervals, a sample will be collected and analyzed in the 

laboratory for TOC. One of the 5 sample intervals will be analyzed for the additional 

parameters specified in Section 5.3. The sample analyzed for the additional parameters will 

be selected from the same vertical horizon (elevation) as the soil samples collected from the 

ponds. 

Soil samples will be obtained using a stainless steel split-spoon sampler and 

handled using stainless steel sampling equipment. Samples for volatile organics will be 

collected first to minimize loss of volatile compounds. The samples for the other analyses 

will be collected from the selected interval, and homogenized prior to being containerized. 

After samples are collected, visual, physical, and other characteristics will be recorded on 

boring logs using the Unified Soil Classification System. 

Each boring will be backfilled with cement grout upon completion. The 

cement grout will consist of a mixture of one bag of Portland cement (ASTM C 150), 7 
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gallons of water and 3 to 5 lbs of bentonite powder. Grout will be poured through the 

hollow-stem auger which will extend to at least 10 ft from the bottom of the boring. Grout 

will be poured until undiluted grout flows from the top of the boring, then the augers will 

be raised. This will continue until the augers are removed and the boring is filled with 

grout. 

5.3 Analyses 

5.3.1 Normal Samples 

Table 5-2 presents a summary of the analyses to be conducted on sludge and 

soil samples. All samples will be analyzed for Appendix IX constituents (reference 40 CFR, 

Part 264). Selected soil samples will also be analyzed for TOC. Sample preparation and 

chemical analysis will be performed according to procedures published in Test Methods for 

Evaluating Solid Waste: Physical/Chemical Methods, SW-846 (USEPA, 3rd edition, 

September 1986). All normal and QC samples will be analyzed by the Radian Analytical 

Services in Austin, Texas. 

5.3.2 Quality Assurance/Quality Control Samples 

A field QA/QC program will be used to ensure that data quality objectives 

are met. Sample collection error will be controlled through the use of standard sample 

collection methods and field logbooks. Natural matrix errors will be estimated by standard 

QA/QC methods such as matrix spikes, field duplicates, and trip blanks. The following 

paragraphs discuss the field QA/QC samples for analytical soil samples, and their collection 

frequency and procedures. 
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Table 5-2 

Number and Type of Analytical Sludge and Soil Samples 

Sludge I 6 5 I 2 I 6 I 7 I I 4 I I I 30 

0-2 ft I 6 6 5 2 6 7 3 4 1 40 

2-4 ft 3 3 3 1 2 2 3 1 18 

Method Number of AnalyBcs 

SW-846:6010 I 15 9 13 5 14 16 6 8 2 2 90 

SW-846:7060 15 9 13 5 14 16 6 8 2 2 90 

SW-846:7421 15 9 13 5 14 16 6 8 2 2 90 

Vi 11 SW-846:7471 15 9 13 5 14 16 6 8 2 2 90 
I 

1--' 
II SW-846:7740 1--' 15 9 13 5 14 16 6 8 2 2 90 

SW-846:7841 15 9 13 5 14 16 6 8 2 2 90 

SW-846:8080 15 9 13 5 14 16 6 8 2 2 90 

SW-846:8140 15 9 13 5 14 16 6 8 2 2 90 

SW-846:8150 15 9 13 5 14 16 6 8 2 2 90 

SW-846:8240 1 15 9 13 5 14 16 6 8 2 2 90 

SW-846:8270 15 9 13 5 14 16 6 8 2 2 90 

SW-846:8280 1 15 9 13 5 14 16 6 8 2 2 90 

SW-846:9012 15 9 13 5 14 16 6 8 2 2 90 

SW-846:9030 15 9 13 5 14 16 6 8 2 2 90 

SW-846:9060 2 2 2 2 2 2 2 0 0 10 24 
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Table 5-2 

(Continued) 

::::::::::1:::::::11:11:1m::::::::::::::::i:1::::::::::::::::::::::::a:•:11:::::::::::::::::::::::1i::::11::•:11:11.11:::::1:::::::::::::::::::m.:11::1111::::::::::::::::::1i:::::1::::::1:::i::::::111:m::::::::::::::::::i:::::::1 
Method I Number of Analyses 

SW-846:6010 5 5 5 5 110 

SW-846:7060 5 5 5 5 110 

SW-846:7421 5 5 5 5 110 

SW-846:7471 5 5 5 5 110 

SW-846:7740 5 5 5 5 110 

SW-846:7841 5 5 5 5 110 

SW-846:8080 5 5 5 5 110 

11 SW-846:8140 5 5 5 5 110 

SW-846:8150 5 5 5 5 110 

SW-846:82401 5 5 5 5 110 

SW-846:8270 5 5 5 5 110 

SW-846:82802 5 0 0 5 110 

SW-846:9012 I 5 5 5 5 110 

SW-846:9030 I 5 5 5 5 110 

SW-846:9060 I 1 1 1 1 28 

1one trip blank will be sent with each ice chest containing volatile organic samples. 
2Method SW-846:8280 does not include MS/MSD analyses. However, 5 percent (5 samples) will be analyzed in duplicate in the lab. Bottles need to be labeled appropriately as 
"duplicate sample". 
QC are project specified and will be sent to Radian Analytical Services. 
QA are USACE specified and will be sent to MRD Laboratory. 
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5.4 

QA and QC Split Samples - QA and QC split samples (duplicates) will be 

collected for all analyses at a rate of 5 percent for each analyte. The soil will 

be homogenized and divided equally among all containers for both standard 

and duplicate samples. 

Matrix Spike amt Matrix Spike Duplicate (MS/MSD) - QC MS/MSD 

samples will be collected at a rate of 5 percent for each analysis. Additional 

volume may be necessary for sludge samples. 

Trip Blanks - Trip blanks will consist of 40 mL VOA vials filled by the 

laboratory with Type I reagent grade water. Trip blanks will accompany all 

ice chests that contain volatile organic samples during both sampling activities 

and shipping procedures. No trip blanks will be sent with QA samples to the 

MRD laboratory. 

Sample Containers, Preservation. and Holdin2 Times 

The sample containers, preservation measures, and holding times for the soil 

analyses to be conducted are summarized in Table 5-3. All containers used for chemical 

analyses will be pre-cleaned by the supplier, I-Chem or Eagle-Picher, in accordance with 

EPA protocol. The sample label will be affixed to the bottle, and labeled with the field 

sample number and the other required information in indelible ink (see Section 6.0). All 

soil and sludge samples collected for chemical analysis will be chilled to approximately 4 °C 

with regular ice in a plastic bag during collection and shipment. The samples will be stored 

upright in a durable ice chest. Sufficient packing material (e.g., vermiculite) will be used 

to separate the bottles, filling any intervening voids. 
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Table 5-3 

Summary of Sample Containers, Preservation, and Holding Times 

SW-846:6010 I Ag, Ba, Be, Cd, Co, Cr, Cu, Ni, Sb, (1) 250 mL glass, Teflon-lined cap I Refrigerated at 4°C I N/S I 6 months 
Sn, Va, Zn 

SW-846:7060 I As (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C I N/S I 6 months 

SW-846:7421 I Pb (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C I N/S I 6 months 

SW-846:7471 I Hg (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C I N/S I 28 days 

SW-846:7740 I Se (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C I N/S I 6 months 

SW-846:7841 TI (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C I N/S I 6 months 

Vl I SW-846:8080 Organochlorine Pesticides/PCBs (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C 14 days 40 days I 
........ 
~ SW-846:8140 Organophosphorus Pesticides (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C 14 days 40 days 

SW-846:8150 I Chlorinated Herbicides (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C 14 days 40 days 

SW-846:8240 I Volatile Organics (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C NIA 14 days 

SW-846:8270 I Semivolatile Organics Compounds (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C 14 days 40 days 

SW-846:8280 I Dioxins and furans (1) 250 mL glass, Teflon-lined cap Refrigerated at 4°C 30 days 45 days 

SW-846:9012 I Cyanide (1) 500 mL glass, Teflon-lined cap Refrigerated at 4°C N/S 14 days 

SW-846:9030 I Sulfide (1) 500 mL glass, Teflon-lined cap Refrigerated at 4°C N/S 21 days 

SW-846:9060 I Total Organic Carbon (1) 500 mL glass, Teflon-lined cap Refrigerated at 4°C NIA 28 days 

8Samples may be combined in the specified container as follows: 

8270/8080 in 500 mL glass. 
8140/8150 in 500 mL glass. 
Metals, cyanide, sulfide, TOC in 500 mL glass. 
8280, (PCDDs and PCDFs) in 250 mL glass. 
8240 in 250 mL glass. 
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5.5 Monitor Well Installation Plan 

Two new upgradient monitor wells will be installed to provide additional 

background and hydrogeologic data. These monitor wells will be installed at the locations 

illustrated in Figure 5-4. Existing monitor well S-2, located east of the lagoons (Figure 5-4), 

will be abandoned during this investigation because it is not located upgradient of the 

lagoons and, therefore, will no llonger be included in the RCRA monitoring network. 

5.5.1 Drilling Procedures 

All drilling will be accomplished using the hollow-stem auger method. This 

method performs well in unconsolidated sediments, allows the rig to operate without the use 

of drilling fluids, and permits easy collection of relatively undisturbed formation samples. 

For the depths and geology involved, this drilling method will provide fast and efficient 

performance. The hollow-stem auger rig will use 5-ft sections of at least 8-in. outer 

diameter and 3.75-in. inner diameter hollow-stem auger flight. The boring diameter will be 

such that there will be at least 2 inches of annular space between the formation exposed at 

the boring wall and the outside diameter of the centered well casing. 

For the purpose of describing subsurface geology, soil samples will be 

collected continuously to the total depth drilled for each boring at a site. All lithological 

descriptions will be made by the~ geologist on site and recorded on the form shown in Figure 

5-5. The samples will be visually classified according to the Unified Soil Classification 

System, and the completed boring logs will be included in the final report. 

5.5.2 Monitor Well Installation and Construction 

Each monitor we:ll will be installed to provide representative water samples 

from the uppermost water bearing zone. The exact depths of the wells and the screened 
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intervals will be decided by the on-site geologist. The depths and construction will depend 

on the geology and groundwater conditions encountered during drilling. 

5.5.2.1 Well Screen and Casing 

The screen construction will be 2-in. diameter, 0.010-in. slotted, Schedule 40 

PVC continuous wrap design which meets ASTM F 480-81. The material lengths selected 

will be based on site-specific groundwater and geologic conditions encountered (a 10-ft 

screen is anticipated). The screen will be joined to a 2-in. diameter, Schedule 40 PVC 

(which also meets ASTM F 480-81), flush threaded casing. The casing will extend from the 

top of the screen to at least 2 ft above ground surface. Since all well screen and casing 

materials will be centered in the borehole through the use of the hollow-stem auger drilling 

method, centralizers will not be necessary for the alignment of the well. Prior to 

installation, the casing and screen sections will be thoroughly washed with potable water 

using a high-temperature, high-pressure sprayer. No solvent PVC or other glue will be used 

in the construction of the wells. A typical monitor well construction schematic is shown in 

Figure 5-6. A sample form for recording well completion data in the field is shown in 

Figure 5-7. Monitor well completion diagrams will be submitted in the final report. 

5.5.2.2 Sand Pack 

After the casing and screen have been installed for each well, a sand pack will 

be emplaced in the annular space around the well. The sand pack will consist of washed 

and bagged rounded sand with a 16-40 gradation. The pack will be poured between the well 

casing and inside wall of the hollow-stem auger. The augers will be retracted slowly while 

the sand is being added. Frequent measurements of the sand pack will be made with a 

weighted tape to ensure that bridging has not occurred and to determine the depth of the 

sand pack in relation to the screened interval. The sand pack will extend to approximately 

2 ft above the well screen. 
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Protective 
Steel Posts (3) ----. 
(See Inset) 

.__ ___ Locking Steel Cover or 
i..-----..i 

PVC Surface Pipe with Cap 

.._--.-1....+---- PVC Cap 

3-Foot x 3-Foot x 4-lnch 
Concrete Pad 

Surface Casing 
Grouted in Place 

2-lnch PVC Casing: 
Schedule 40, Flush-Joint 

Bentonite Seal, ----k=li(:j T 3 Foot Minimum 

± 2-4 Feet 

0 

Well 

3 Foot Minimum 

Filter Pack, __ __._ 
16-40 Gradation 

Ei!3---+---- 2-lnch PVC Screen; 

Water 
Table 

Schedule 40, Flush-Joint, Threaded, 
0.010 or 0.020-lnch Wrapped 

Steel 
Posts ...___ __ _,._·I 1 Foot 

Bottom Cap, Threaded 

INSET Drawing Not to Scale 

Figure 5-6.. Typical Monitor Well Construction 
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---- ~ 

BOTTOM or WELL 
BOTTOM OF BORING 

CONCRETE PAD 
MIN. __ THICKNESS 

SCREEN INFORMATION 

SCREEN DIA.: -""2"""="in""'"=. --,.-------
SLOT WIDTH: 0.010 in. 
SCHEDUL£: __ 4~0~---------
MATERIAL: IX! PVC 0 STAINLESS 

STEEL 

D OTHER (DESCRIBE) ft. -----

ft. -----
ft. -----

FILTERPACK MATERIAL 

TYPE: 16-40 Colorado Silica Sand 

BACKFILL IAETHOD: _______ _ 

BORING DIAMETER 
1 .. .1 

WELL DEVELOPMENT 

METHOD:-----------------~ 
Tit.IE SPENT DEVELOPING: ____________ _ 

VOLUME OF WATER REMOVED: __________ _ 

VOLUME OF WATER ADDED:-----------

DESCRIPTION OF PREDEVELOPMENT WATER:-------

DESCRIPTION OF POST DEVELOPMENT WATER: _____ _ 

WATER LEVEL SUMMARY 

WATER LEVEL IAEASUREMENTS 

DATE/TIME/LEVEL---------------

DEPTH FROM TOP CASING 

AFTER DEVELOPMENT: 

Figure 5-7. Monitor Well Completion Form 
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5.5.2.3 Bentonite Seal 

To provide an adequate seal, at least 3 ft of bentonite pellets will be placed 

above the sand pack. As with the sand pack, the bentonite will be tremied through the 

augers. 

5.5.2.4 Grout Mixture 

Neat cement grout will be emplaced from above the top of the bentonite seal 

to land surface. Cement grout shall consist of a mixture of not more than 7 gallons of water 

and 3 pounds of powdered bentonite to each 94-pound sack of Portland Cement (ASTM C 

150). 

5.5.2.5 Surface Completions of Monitor Wells 

Above-ground surface completion will be used for all monitor wells. The PVC 

well casing will be extended approximately 2 ft above land surface and a suitable vented cap 

or other casing cap will be provided for each well. The extended PVC casing will be 

shielded with at least a 4 in. diameter steel protective casing. The protective steel casing 

will be placed over the PVC well casing and cap and will be seated in a 3-ft by 3-ft by 4-in. 

thick concrete surface pad. All protective casings will have keyed-alike locks and caps. 

Three 2-in. diameter steel guard posts, 5 ft in total length, will be installed and cemented 

in separate post holes outside the concrete pad. The guard posts will be placed ap

proximately 2 ft below and 3 ft above the pad surface. 

5.5.3 Monitor Well Development 

Each new monitor well will be developed as soon as is practical after 

completion, but not earlier than 48 hours after grouting is completed in order to allow the 
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cement grout to set up. The monitor wells will be developed by pumping, surging, and/ or 

bailing without the use of any additives. Temperature, pH, and specific conductivity will be 

measured during development activities and recorded on the Well Development Record 

shown in Figure 5-8. Development will continue until these parameters have stabilized (less 

than 10 percent change between four consecutive readings) and the water is clear and free 

of sediment to the fullest extent possible. If the parameters have not stabilized after 4 hours 

of continuous development activities, the USACE-PM will be contacted for further direction. 

A water sample will be collected in a clear glass container both before and 

after well development and then photographed side by side. The photograph will be taken 

against a white background and a 35-mm slide will be submitted as a part of the well log. 

Fines remaining in the water will not be allowed to settle out prior to taking the 

photograph. The depth of any sediment which collects in the bottom of the jar after the 

sample is allowed to settle will be noted on the record of well development. The 

nephelometric turbidity of the water will be determined in accordance with ASTM D-1889 

and the results will be shown on the final well completion form. 

5.5.4 Surveying Requirements 

A registered professional land surveyor will be retained to survey the vertical 

elevations and coordinates of the wells and the tops of the boreholes. The following are the 

survey requirements for the well and boreholes: 

• Determine ground elevations of borings and monitor wells to the 
closest 0.1 foot; 

• Determine elevation of the mark point notch in the top of the PVC 
well to the closest 0.01 foot; and 

• Determine coordinates of the well to the nearest 1.0 foot. 
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GROUND W'~TER DEVELOPMENT RECORD 

Well ID ----Time/Date Start Development 
Installation ID -----
Project ----------
lnitiaVFinal Groundwater Depth / ____ (FT) Below Measuring Point 
lnitiaVFinal Depth to Bottom of Well I (FT) Below Measuring Point 
Time/Date Finish Development 
Logger Code 
Type, Size/Capacitiy of Pump or Bailer ----------
Total Volume to Purge for 3/5 (circle one) Well Volumes Gallons 
Actual Purged Volume Gallons 

Time Cumulative 
Volume 
(gallons) 

Claritlr/Color pH Specific 
Conductivity 

(µmhos) 

Figure 5-8. Groundwater Development Record 
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Elevations will be referenced to the National Geodetic Vertical Datum of 1929, if easily 

accessible, or to an existing local vertical datum. Coordinates will be referenced to the State 

Plane Coordinate System, if easily accessible, or to an existing local grid system. Flags or 

buoys will mark the sampling locations within the lakes and ponds. These markers will be 

used to survey the sampling locations within a one-foot degree of accuracy. 

Two permanent control monuments with brass, bronze, or aluminum alloy caps 

will be set in accessible locations within the limits of the work at each site. These 

monuments will be set no closer than 500 feet to each other. Coordinates and elevations 

will be established to the closest 0.01 foot for each monument. 

Each well will be labelled with a permanent corrosion-resistant tag on the 

outer steel protective casing. The tag will identify the well number, depth, date of 

installation, the U.S. Army Corps of Engineers, Omaha District, and the adjusted top of 

casing elevation. The well will also be clearly identified as a groundwater monitoring well. 

5.5.5 Monitor Well Abandonment 

Abandonment of monitor well S-2 will be accomplished by filling the well 

casing with grout using a tremie pipe, and removing above-ground completion features. 

5.6 General Information and Definitions 

5.6.1 Laboratory Information 

All normal and QC sample analyses, except for dioxins and furans, will be 

conducted by Radian Analytical Services at the following address: 
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Sample Control 
Radian Corporation - Summit Park 
14046 Summit Dr. Suite 101 
Austin, Texas 78728 
(512) 244-0855 

If Saturday delivery is required, contact Mr. Steve Gibson and ship the samples Federal 

Express, Deliver Saturday (DO NOT CHECK HOLD FOR PICK-UP) to the following 

address: 

Sample Control 
Radian Corporation 
2106 Denton Dr. 
Austin, Tx 78759 
(512) 454-4797 

All normal and QC sample analyses for dioxins and furans, SW-846 Method 

8280, will be sent to the following address: 

Enseco-California Analytical Laboratories 
2544 Industrial Blvd. 
West Sacramento, CA 95691 
(916) 372-1393 

External QA Samples required by the USACE Missouri River Division 

Laboratory will be shipped to the following address: 

U.S. Army Engim:er Division, Missouri River 
Attn: CEMRD-ED-LC (Dick Kissinger) 
420 South 18th Street 
Omaha, NE 68102 
(402) 444-4314 
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5.6.2 Decontamination Procedures for Sampling Equipment 

To ensure that sludge and soil sampling equipment are not contaminated or 

cross-contaminated by materials and equipment used in the course of the investigation, the 

following procedures will be used to decontaminate all sampling equipment between and 

before usage: 

• Wash with ALCONOX® detergent; 

• Rinse with potable water; 

• Rinse with reagent grade hexane; 

• Rinse with reagent grade water; and 

• Allow to air dry. 

The drilling augers and rods will be decontaminated with a high pressure, high temperature 

steam cleaner between each boring and monitor well. 

5.6.3 Utility Clearance 

Utility clearance support will be provided by Holloman AFB personnel. A 

digging permit is required before activities begin. Permits are granted by providing plans 

for boring and well locations to the appropriate personnel (i.e., plumbing, electric, and 

sewer) for review. Based on the review of the plans, the Base may or may not visit each 

site. For the sites that require a visit, the necessary individuals will go to the site , inspect 

the staked drilling locations, and determine if activities can commence. After the site has 

been cleared, the digging permit will be signed by the required Base personnel. 
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5.6.4 Disposal of Drill Cuttings, Development Water and Purge Water 

All drill cuttings (except cuttings from the upgradient monitor well boring) and 

sample waste will be considered potentially contaminated. Cuttings, used sampling 

equipment, and protective clothing will be drummed, placed on pallets, and labelled. At the 

completion of all drilling activities, the pallets will be collected and transported to a location 

on Base specified by the BEC. 

All drums will be adequately labeled prior to being moved to the staging area. 

Drums will not be labeled using a "Magic Marker" or equivalent felt-tip marker, or be 

labeled on the top. At a minimum, drums will be labeled as to the type of material 

contained, site number and location, boring numbers, and the telephone number of the 

BEC. The eventual disposal of the contents of these drums will be determined by the 

analytical results which will be provided by Radian in sufficient detail to enable the BEC 

to properly prepare a manifest for ultimate shipment of the drums to a disposal facility. 

Radian will not be responsible for off-Base disposal of any drums that contain contaminated 

material. 

5.6.5 Site Restoration 

The site will be restored to its original state within 10 working days of 

completion of the field investiga.tion. The restoration efforts will meet the approval of the 

BEC. Appropriate photographs will be taken both before and after field work activities to 

document this restoration. 

5.6.6 Field Documentation 

A Field Log Book will be kept by the Radian Supervising Geologist. The field 

log book will serve primarily as a daily log of activities carried out during the investigation. 
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Any observations during drilling activities not included in the drilling log will be recorded 

in this book. Other observations may be included as the situation dictates for a thorough 

record to reconstruct the events concerning all field activities. The field log book is a bound 

book with sequentially numbered pages and with a unique document control number. 

The Supervising Geologist will also complete A-E Daily Quality Control 

Reports (A-E DQCR), shown in Figure 5-9, at the end of each day. These reports will be 

sent to the USACE-PM and the BEC. 

5.7 List of Equipment, Containers. and Supplies 

The implementation of the field activities will require specific 

equipment, containers, and supplies for the collection of field samples as summarized below. 

Sampling Equipment 

• Vibracore® sampling equipment and thin-walled aluminum tubes; 

• Hollow-stem auger drill rigs; 

• Stainless steel split-spoon samplers; 

• Stainless steel compositing bowls and sampling equipment; 

• DOT - approved drums for soil collection; 

• Pumps; and 

• Surge blocks. 

Sampling Bottles and Shipping Materials 

• 250 ml wide-mouth glass with Teflon cap; 

• 500 ml wide-mouth glass with Teflon cap; 

5-28 

-



A-E DAILY QUALI'IY CONTROL REPORT 

Date __________ _ 

Day TH s 

COE Project Manager. _________ _ 

Praject'---------------------
J ob No .. _____________ __ 
Contract No. --------------

SUB-CONTRACTORS ON SI1rE: 

EQUIPMENT ON SITE: 

WORK PERFORMED (INCLUDING SAMPLING): 

Figure 5-~~. A-E Daily Quality Control Report 
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Praject _____________ _ Report No. _______ _ 

Job No. ------------- Date ---------
QUALI'IY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS): 

HEALTH AND SAFE'IY LEVELS AND ACTIVITIES: 

PROBLEMS ENCOUNTERED/CORRECTIVE ACTION TAKEN: 

SPECIAL NOTES: 

TOMORROW'S EXPECTATIONS: 

-
'"" 

BY_________ TITI..E-------~ 

Figure 5-9. (Continued) 
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• Bottle mesh; 

• Plastic freezer bags; 

• Ice chests; and 

• Packaging and shipping materials. 

Decontamination Equipment 

• ALCONOX® soap; 

• Hexane (Pe!sticide Grade); 

• Reagent grade water; 

• Squirt bottles; 

• Plastic sheeting; 

• Distilled water; and 

• General decontamination equipment. 

Miscellaneous Fieild Gear and Instrumentation 

• Protective gloves; 

• Saranex-coated tyvek coveralls; 

• Full-face air purifying respirators and cartridges; 

• First aid kit; 

• Eye wash; 

• pH and conductivity meters; 

• pH buffers and conductivity standards; 

• Water-levell probe; 

• Tape measure; and 

• Turbidity meter. 
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6.0 SAMPLE CHAIN OF CUSTODY, PACKING, AND TRANSPORTATION 

A sample label, shown in Figure 6-1, will be affixed to all sampling containers 

submitted for laboratory analysis. Sample labels identify the sample by documenting the 

sample type, sampler(s) initials, sampling locations, depth, time, and date. The unique 

number assigned to each sample~ is also noted on the sample label. Indelible ink will be 

used to complete all sample labels. 

A chain-of-custody form, shown in Figure 6-2, will be used to record the 

number of samples collected and the corresponding laboratory analyses; indelible ink will 

be used. Information on this form includes time and date of sampling, sample number, type 

of sample, sampler's name, prieservatives used, and any special instructions. Samples 

collected for matrix spike/matrix spike duplicate analysis will be identified on the chain-of

custody form. A copy of the chain-of-custody form will be retained by the sampler, and will 

be maintained in a file of field documentation. 

All samples will be: kept cool with regular ice in a plastic bag during collection 

and shipment. The samples will be stored upright in a durable ice chest. Sufficient packing 

material (i.e., vermiculite) will be used to separate the bottles, filling any intervening voids. 

Fresh ice will be placed in the 1:ooler prior to shipment. 

The ice will be placed above and around the top of the sample containers. 

The remaining space will be fiUed with additional packing material. The chain-of-custody 

form will be sealed in a plastic Zip-loc® bag and affixed to the top lid of the cooler. The 

cooler will be secured by complletely wrapping it with strapping tape around both ends. If 

there is a drain on the cooler, it will be taped shut. The cooler will be labeled with "This 

Side Up" arrows on two opposing sides. Custody seals will also be affixed to coolers to 

indicate tampering. 
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ATTENTION: 
BEFORE OPENING 

NOTE IF CONTAINER WAS 
TAMPERED WITH. 

Field Number----------

Sample Type: ----------
Client: 

Location:-----------

Preservative: 

Sampler: ------------
Date: _____________ _ 

Comment: 

ATTENTION: 
BEFORE OPENING 

NOTE IF CONTAINER WAS 
TAMPERED WITH. 

Figure 6· 1. Example Sample Label and Custody Seal 
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Figure ~2. Sample Chain-of-Custody Record 
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Sludge and soil samples will be shipped to the laboratory by overnight courier 

on a daily basis. 
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7.0 LABORATORY ANALYTICAL PROCEDURES 

The methods and procedures that will be used to prepare and analyze samples 

are discussed in this section. Most chemical analyses will be performed according to the 

following publications: 

• SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical 
Methods, U.S. EPA, Office of Solid Waste and Emergency Response, 
November 1986, third edition; 

• EPA, Methods for Chemical Analysis of Water and Wastes, EPA 
Publication No. 600/4-79-020, March 1983; and 

• ASTM, 1990 Annual Book of ASTM Standards, American Society for 
Testing and Materials, Philadelphia, PA, 1990. 

Laboratory-specific Standard Operating Procedures (SOPs) for most methods are provided 

in Appendix A. The dioxin and furan SOP from Enseco-Cal Labs will be delivered under 

separate cover. Individual parameters and analytical methods to be used are listed in Table 

7-1. 

Most analytical miethods to be used in this project require the measurement 

system to initially satisfy specific criteria for calibration linearity, reference material 

recovery, and freedom from contamination. Results of control samples, which are analyzed 

at a 5 percent frequency to monitor any changes in the quality of data being produced, 

indicate which corrective actions are necessary to correct an out-of-control condition. An 

out-of-control condition is defined as: 

• Detection of any compounds of interest in a reagent blank at ~ 5 times 
the limit of detection. 
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Table 7-1 

Analytical Methods 

'l!lil~ ·=·:·:····-··.·· 

l!iifulji 
METALS 

Antimony Acid Digestion SW-846:3050 ICPES SW-846:6010 10 

Barium Acid Digestion SW-846:3050 ICPES SW-846:6010 

Beiyllium Acid Digestion SW-846:3050 ICPES SW-846:6010 0.2 

Cadmium Acid Digestion SW-846:3050 ICPES SW-846:6010 0.5 

Chromium Acid Digestion SW-846:3050 ICPES SW-846:6010 1 

Cobalt Acid Digestion SW-846:3050 ICPES SW-846:6010 1 

Copper Acid Digestion SW-846:3050 ICPF.S SW-846:6010 2 
-..J 
t!.> Nickel Acid Digestion SW-846:3050 ICPES SW-846:6010 2 

Silver Acid Digestion SW-846:3050 ICPES SW-846:6010 1 

Tin Acid Digestion SW-846:3050 ICPES SW-846:6010 60 

Vanadium Acid Digestion SW-846:3050 ICPES SW-846:6010 2 

Zinc Acid Digestion SW-846:3050 ICPES SW-846:6010 2 

Arsenic Acid Digestion SW-846:3050 GFAA SW-846:7060 0.4 

Lead Acid Digestion SW-846:3050 GFAA SW-846:7421 0.3 

Mercuiy Acid Digestion SW-846:7471 CVAA SW-846:7471 0.02 

Selenium Acid Digestion SW-846:3050 GFAA SW-846:7740 0.5 

Thallium Acid Digestion SW-846:3050 GFAA SW-846:7841 0.5 

ORGANOCHLORINE PFSI1CIDF.S AND PCBs 

Aldrin Extraction SW-846:3540/3550 GC/ECD SW-846:8080 0.001 

alpha-BHC Extraction SW-846:3540/3550 GC/ECD SW-846:8080 0.001 

beta-BHC Extraction SW-846:3540/3550 GC/ECD SW-846:8080 0.001 

delta-BHC Extraction SW-846:3540/3550 GC/ECD SW-846:8080 0.001 

t 1 
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gamma-BHC (Lindane) Extraction 

rh1,.. .. .-1.,,,n,,,. (t11>rhn1,..<:i1\ 
-J:llV& .... u••- \•--•••••-•/ Extraction 

4,4'-DDD Extraction 

4,4'-DDE Extraction 

4,4'-DDT Extraction 

Dieldrin Extraction 

Endosulfan I Extraction 

.......J jl Endosulfan II Extraction 
I 

VJ 'I Endosulfan sulfate Extraction 

Endrin Extraction 

Endrin aldehyde Extraction 

Heptachlor Extraction 

Heptachlor epoxide Extraction 

lsodrin Extraction 

Ke pone Extraction 

Methoxychlor Extraction 

Toxaphene Extraction 

PCB-1016 Extraction 

PCB-1221 Extraction 

PCB-1232 Extraction 

PCB-1242 Extraction 

PCB-1248 Extraction 

ilS ~ 

Table 7-1 

(Continued) 
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SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:354013550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

•••••••••••••••••• Offil(~t 

~fa:· 
··•}••• (i.lill§}\ • 

SW-846:8080 0.001 

SW-846:8080 0.005 

SW-846:8080 0.001 

SW-846:8080 0.001 

SW-846:8080 0.002 

SW-846:8080 0.001 

SW-846:8080 0.001 

SW-846:8080 0.003 

SW-846:8080 0.005 

SW-846:8080 0.001 

SW-846:8080 0.002 

SW-846:8080 0.001 

SW-846:8080 0.001 

SW-846:8080 0.001 

SW-846:8080 0.001 

SW-846:8080 0.005 

SW-846:8080 0.050 

SW-846:8080 0.010 

SW-846:8080 0.020 

SW-846:8080 0.020 

SW-846:8080 0.010 

SW-846:8080 0.010 



PCB-1260 I 
ORGANOPHOSPHORUS PESTICIDES 

Dimethoate 

Disulfoton 

Ethyl parathion 

Famphur 
-...J II Parathion methyl ~ 

Phorate 

Sulfotepp 

Thionazin 

01010-Triethylphosphorthioate 

CHLORINA'llID HERBICIDES 

2,4-D 

2,4,5-T 

2,4,5-TP (Silvex) 

Dinoseb 

VOLATILB ORGANICS 

Acetone 

Acetonitrile 

Acrolein 

Acrylonitrile 

f ' 
i I 1 f ~ ' 

Table 7-1 
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Extraction I SW-846:3540/3550 I 
Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction SW-846:3540/3550 

Extraction/Esterification SW-846:8150 

Extraction/Esterification SW-846:8150 

Extraction/Esterification SW-846:8150 

Extraction/Esterification SW-846:8150 

Purge and Trap SW-846:5030 

Purge and Trap SW-846:5030 

Purge and Trap SW-846:5030 

Purge and Trap SW-846:5030 

'f l w r i 

GC/ECD I 
GC/FPD 

GC/FPD 

GC/FPD 

GC/FPD 

GC/FPD 

GC/FPD 

GC/FPD 

GC/FPD 

GC/FPD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/ECD 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

SW-846:8080 

SW-846:8080 

SW-846:8140 

SW-846:8140 

SW-846:8140 

SW-846:8140 

SW-846:8140 

SW-846:8140 

SW-846:8140 

SW-846:8140 

SW-846:8140 

SW-846:8150 

SW-846:8150 

SW-846:8150 

SW-846:8150 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

1ff!ll 
1l:il[illlililt.i!i!l!l!( 

I 0.020 

0.020 

0.020 

0.020 

0.015 

0.050 

0.003 

0.015 

0.010 

0.100 

0.100 

0.120 

0.020 

0.017 

0.015 

10 

10 

7.5 

5 

~ ' I ~ ' t 
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Table 7-1 

(Continued) 

Benzene Purge and Trap SW-846:5030 

BromuUici1ioro111eihiiiiC Purge and Trap SW-846,5030 

Bromomethane Purge and Trap SW-846:5030 

Carbon disulfide Purge and Trap SW-846:5030 

Carbon tetrachloride Purge and Trap SW-846:5030 

2-Chloro-1,3-butadiene Purge and Trap SW-846:5030 

Chlorobenzene Purge and Trap SW-846:5030 

-...J 
I Chloroethane Purge and Trap SW-846:5030 

IJl 
Chloroform Purge and Trap SW-846:5030 

Chloromethane Purge and Trap SW-846:5030 

3-Chloropropene Purge and Trap SW-846:5030 

Dibromochloromethane Purge and Trap SW-846:5030 

1,2-Dibromo-3-chloropropane Purge and Trap SW-846:5030 

1,2-Dibromoethane Purge and Trap SW-846:5030 

Dibromomethane Purge and Trap SW-846:5030 

trans-1,4-Dichloro-2-butene Purge and Trap SW-846:5030 

Dichlorodifluoromethane Purge and Trap SW-846:5030 

1,2-Dichloroethane Purge and Trap SW-846:5030 

trans-1,2-Dichloroethene Purge and Trap SW-846:5030 

1,1-Dichloroethane Purge and Trap SW-846:5030 

1, 1-Dichloroethene Purge and Trap SW-846:5030 

1,2-Dichloropropane Purge and Trap SW-846:5030 

.. " • 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GCJMS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GCJMS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

,, 
$ 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

''11111tll1 
rn~ t] 
(~t 

0.5 

0.5 

1 

0.5 

0.5 

2.5 

0.5 

1 

0.5 

1 

0.5 

0.5 

2 

0.5 

0.5 

1 

2 

0.5 

0.5 

0.5 

0.5 

0.5 
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cis-1,3-Dichloropropene Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

trans-1,3-Dichloropropene Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Ethyl benzene Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Ethyl methacrylate Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

2-Hexanone Purge and Trap SW-846:5030 GC/MS SW-846:8240 5 

lodomethane Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Methylene chloride Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 
-....} II 2-Butanone (MEK) Purge and Trap SW-846:5030 GC/MS SW-846:8240 10 I 

°' Methyl methacrylate Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

4-Methyl-2-pentanone Purge and Trap SW-846:5030 GC/MS SW-846:8240 5 

Propanenitrile Purge and Trap SW-846:5030 GC/MS SW-846:8240 10 

Styrene Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

1,1,1,2-Tetrachloroethane Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

1,1,2,2-Tetrachloroethane Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Tetrachloroethene Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Toluene Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Tribromomethane Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

1,1,1-Trichloroethane Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

1,1,2-Trichloroethane Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Trichloroethene Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 

Trichlorofluoromethane Purge and Trap SW-846:5030 GC/MS SW-846:8240 1 

1,2,3-Trichloropropane Purge and Trap SW-846:5030 GC/MS SW-846:8240 0.5 
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Vinyl Acetate 

lf;.,. •• 1 r"hln...iA,,.. 
YlllJ.1 -•UV&l'--.._. 

Xylenes (total) 

Volatile Organics (Dinlct Injection) 

1,4-Dioxane 

Isobutanol 

Methacrylonitrile 

SEMIVOLATILB ORGANICS 

Acenaphthene 

Acenaphthylene 

Acetophenone 

2-Acetylaminofluorene 

4-Aminobiphenyl 

Aniline 

Anthracene 

Aramite 

Benzo( a )anthracene 

Benzo( a )pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Benzyl alcohol 

Purge and Trap 

PnrPP. 11nd Trlln - ---o- ----- -- .. 

Purge and Trap 

Direct Injection 

Direct Injection 

Direct Injection 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

.~ 
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SW-846:5030 GC/MS 

SW-846:5030 GC/MS 

SW-846:5030 GC/MS 

SW-846:8240 GC/MS 

SW-846:8240 GC/MS 

SW-846:8240 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8240 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 
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0.5 

1 

0.5 

20 

20 

20 

1 

1 

5 

1 

1 

1 

1 

10 

1 

1 

1 

1 

1 

1 



4-Bromophenyl phenyl ether Extraction 

Butylbenzylphthalate Extraction 

4-Chloro-3-methylphenol Extraction 

4-Chloroaniline Extraction 

Chlorobenzilate Extraction 

bis(2-Chloroethoxy)methane Extraction 

-:i I' bis(2-Chloroethyl)ether Extraction 
I 

ii bis(2-Chloroisopropyl)ether 00 Extraction 

2-Chloronaphthalene Extraction 

2-Chlorophenol Extraction 

4-Chlorophenyl phenyl ether Extraction 

Chrysene Extraction 

Diallate Extraction 

Dibenz(a,h)anthracene Extraction 

Dibenzofuran Extraction 

1,2-Dichlorobenzene Extraction 

1,3-Dichlorobenzene Extraction 

1,4-Dichlorobenzene Extraction 

3,3'-Dichlorobenzidine Extraction 

2,4-Dichlorophenol Extraction 

2,6-Dichlorophenol Extraction 

Diethylphthalate Extraction 

~ l f ~ ~ • f: 

Table 7-1 

(Continued) 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

J l ~ I .J ' ' 
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SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1.0 

SW-846:8270 1 

SW-846:8270 

SW-846:8270 I 1 

SW-846:8270 I 1 

SW-846:8270 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 2 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

~ 1 ' ' I ' 
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Table 7-1 

(Continued) 

1111!! 
1::1:1~-~:: 

p-Dimethylaminoazobenzene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

i,i 2-Dimeihyiix::uz( a )anthraccfii; Extraction SW-846;3540.~550 GC/MS SW-846:8270 5 

3,3' -Dimethylbenzidine Extraction SW-846:3540/3550 GC/MS SW-846:8270 2 

Dimethylphenethylamine Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

2,4-Dimethylphenol Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Dimethylpthalate Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

4,6-Dinitro-2-methylphenol Extraction SW-846:3540/3550 GC/MS SW-846:8270 5 

-.J 
I 

Di-n-butylphthalate Extraction SW-846:3540/3550 GC/MS SW-846:8270 1.0 
\0 

Di-n-octylphthalate Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

1,3-Dinitrobenzene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

2,4-Dinitrophenol Extraction SW-846:3540/3550 GC/MS SW-846:8270 5 

2,4-Dinitrotoluene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

2,6-Dinitrotoluene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Diphenylamine Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

bis(2-Ethylhexyl)phthalate Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Ethylmethane sulfonate Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Fluoranthene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Fluorene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Hexachlorobenzene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Hexachlorobutadiene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Hexachlorocyclopentadiene Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 

Hexachloroethane Extraction SW-846:3540/3550 GC/MS SW-846:8270 1 
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Hexachlorophene 

Hexachloropropene 

Indeno(l,2,3-c,d)pyrene 

Isophorone 

Isosafrole 

Methapyrilene 

3-Methylchloanthrene 

Methyl methanesulfonate 

2-Methyl naphthalene 

2-Methylphenol 

3-Methylphenol 

4-Methylphenol 

Naphthalene 

1,4-Naphthoquinone 

1-Naphthylamine 

2-Naphthylamine 

2-Nitroaniline 

3-Nitroaniline 

4-Nitroaniline 

Nitro benzene 

2-Nitrophenol 

4-Nitrophenol 

f 1 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

&traction 

~ I i l 
t ' 

Table 7-1 

(Continued) 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

' -~ .f i 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 
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1.0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

5 

5 

5 

1 

1 

5 
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4-Nitroquinoline-N-oxide Extraction 

N-Nitroso-di-n-butylamine Extraction 

N-Nitrosodiethylamine Extraction 

N-Nitrosodiphenylamine Extraction 

N-Nitrosodipropylamine Extraction 

N-Nitrosodimethylamine Extraction 

N-Nitrosomethylethylamine Extraction 

-..J I' N-Nitrosomorpholine Extraction 
I 

I N-Nitrosopiperidine I-' Extraction I-' 

N-Nitrosopyrrolidine Extraction 

5-Nitro-o-toluidine Extraction 

Pentachlorobenzene Extraction 

Pentachloroethane Extraction 

Pentachloronitrobenzene Extraction 

Pentachlorophenol Extraction 

Phenacetin Extraction 

Phenanthrene Extraction 

Phenol Extraction 

p-Phenylenediamine Extraction 

2-Picoline Extraction 

Pronamide Extraction 

Pyrene Extraction 

Table 7-1 

(Continued) 

1~ -~ . 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

SW-846:3540/3550 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

GC/MS 

1 •. ,.••1•••1••1••••··· ??H~t(N?? 

:. ~::: 
(~) 

SW-846:8270 10 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 

SW-846:8270 I 1 

SW-846:8270 I 1 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 5 

SW-846:8270 1 

SW-846:8270 1 

SW-846:8270 . 
SW-846:8270 I 5 

SW-846:8270 

SW-846:8270 I 1 

SW-846:8270 I 1 
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Pyridine 

Sa fro le 

1,2,4,5-Tetrachlorobenzene 

2,3,4,6-Tetrachlorophenol 

o-Toluidine 

1,2,4-Trichlorobenzene 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

DIOXINS AND FURANS 

2,3,7 ,8-Tetrachlorodibenzo-p-dioxin 

Tetrachlorodibenzo-p-dioxins 

Tetrachlorodibenzo-p-furans 

Pentachlorodibenzo-p-dioxins 

Pentachlorodibenzo-p-furans 

Hexachlorodibenzo-p-dioxins 

Hexachlorodibenzo-p-furans 

GENERAL 

Cyanide 

Sulfide 

Total Organic Carbon 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Extraction 

Distillation 

Distillation 

Acid Treatment 

Table 7-1 

(Continued) 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:3540/3550 GC/MS 

SW-846:8280 GC/MS 

SW-846:8280 GC/MS 

SW-846:8280 GC/MS 

SW-846:8280 GC/MS 

SW-846:8280 GC/MS 

SW-846:8280 GC/MS 

SW-846:8280 GC/MS 

SW-846:9012 Colorimetric 

SW-846:9030 Titrametric 

SW-846:9060 IR 

J 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8270 

SW-846:8280 

SW-846:8280 

SW-846:8280 

SW-846:8280 

SW-846:8280 

SW-846:8280 

SW-846:8280 

SW-846:9012 

SW-846:9030 

SW-846:9060 

J ' 
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1 

1 

1 

2 

1 

1 

1 

1 

0.00008 

0.00008 

0.00006 

0.0002 

0.00008 

0.0002 

0.0001 

1 

50 

2,000 

l 1 ~ ' 
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Table 7-1 

(Continued) 
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a Reporting Limit is the minimum concentration of a substance that can be measured and reported. Reporting Limits are highly matrix dependent and may not always be achievable. 
Detection limits for sludge samples are often higher due to water content. 

IR 
ICPES 
GFAA 
CVAA 
GC/MS 
SW-846 
EPA 
N/A 
IC 
GC/FPD 
GC/ECD 

Infrared Spectrometry 
Inductively Coupled Plasma Emission Spectroscopy 
Graphite Furnace Atomic Absorption 
Cold Vapor Atomic Absorption 
Gas Chromatography/Mass Spectrometry 
Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, U.S. EPA, Office of Solid Waste and Emergency Response, November 1986, third edition. 
Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020. 
Not Applicable 
Ion Chromatography 
Gas Chromatography/Flame Photometric Detector 
Gas Chromatography/Electron Capture Detector 



• 

• 

Failure to meet the acceptance criteria for recovery of any compound 
of interest in a QC sample. 

Exceeding the action limit for matrix spike recovery and subsequent 
failure to meet the acceptance criteria for a QC check sample for the 
same parameter(s). Any parameter which fails the matrix spike test but 
passes the QC check sample test will be flagged as suspect for the 
parameter due to matrix effects. 

When an out-of-control situation is detected, efforts are undertaken to determine the cause. 

Corrective actions for routine QC checks are outlined in Table 7-2. Procedures related to 

corrective actions are described below. 

During the course of the Holloman AFB Investigation, it will be the 

responsibility of the laboratory QC officers, Project Director, Task Leaders, and other 

project team members to see that all measurement procedures are followed as specified and 

that measurement data meet the prescribed acceptance criteria. In the event a problem 

arises, it is imperative that prompt action be taken to correct the problem(s). Laboratory 

supervisors will initiate corrective action in the event of QC results which exceed 

acceptability limits. Corrective action may also be initiated upon identification of some 

other problems or potential problems. Corrective action may also be initiated by the 

Laboratory QC officer based upon QC data or other anomalies noted during data review. 

For this project, the following corrective actions will be implemented when 

surrogate spike compounds are recovered outside the method criteria: 

• 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. 

• Analyze an extracted quality control check sample (QCCS). 

7-14 
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SW-846:6010 Metals (ICPES) 
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Table 7-2 

Summary of Internal Quality Control Procedures 

:a~BI• 
Laboratory 
Mixed standard 
calibration 

QC check sample analysis 
(second source QC check 
sample) 

Preparation blank 

Calibration blank 

I M•tri> •pike m"'" 

Matrix spike duplicate 

ICP interference check 

ICP linear range check 

Instrument detection limit 

Daily 

10%, minimum of 1 per 
batch 

1 per digestion batch S20 
samples 

I 10% 

15% 

I 5% 

I Run at beginning and end 
of daily run 

Quarterly 

Quarterly 

r?0.995 

Measured value within ±10% 
of true value for element of 
interest 

s5 x Method detection limit 

I s5 x Method detection limit 

175-125% of true value 

I Relative percent difference 
s20% and 75-125% of true 
value 

80-120% of true value for 
EPA check sample elements 

Measured value within ±15% 
of expected value 

s current LOO 

Repeat calibration 

Repeat calibration 

1) Reanalyze 
2) Clean system 
3) Reanalyze 
4) Redigest samples if reanalysis 
fails 

1) Rerun 
2) Clean system 
3) Reanalyze sample 
4) Redigest samples if reanalysis 
fails 

1) Analyze method spike (or 
QCCS) 
2) If method spike is ok; flag data 
3) If method spike not ok; see lab 

supetvisor and reanalyze samples 

1) Analyze method spike (or 
QCCS) 
2) If method spike is ok; flag data 
3) If method spike not ok; see lab 

supetvisor and reanalyze samples 

1) See lab manager 
2) Repeat calibration 

Tests upper limit of ICP linear 
range 

Used to verify current IDL 
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SW-846:6010 
(Continued) 

SW-846:7060 
SW-846:7421 
SW-846:7471 
SW-846:7740 
SW-846:7841 

SW-846:8080 

J 

Metals (ICPES) 
(Continued) 

Metals (AA) 
Arsenic 
Lead 
Mercury 
Selenium 
Thallium 

Organochlorine 
Pesticides and PCBs 

•:1•11• 1 

fu!!! 
Duplicate field sample 

Laboratory 
Multipoint calibration 

QC check sample 

Calibration blank 

Preparation blank 

Matrix spike 

Matrix Spike Duplicate 

LOD check 

.E!!:!!! 
Duplicate sample 

Laboratory 
Multipoint calibration 
(minimum of 5 points) 

Single point calibration 

I 

Table 7-2 

(Continued) 

5%, minimum one per 
program 

Daily, prior to analyses 

10%, or minimum of one 
per batch 

I 10%, or minimum of one 
per batch 

I 10%, or minimum of one 
per batch 

5%, or minimum of 1 per 
batch 

5%, or minimum of 1 per 
batch 

Quarterly 

5%, 1 per 20 samples 

Initially, as required 

Daily prior to sample 
analyses 

~ t 

None 

r?0.995 

Measured value within ± 15% 
of expected value (±20% for 
Mercury) 

I s5xMDL 

SS x MDL (SlO x MDL for 
Mercury) 

75-125% Recovery 

Within 20% RPD and 75-
125% Recovery 

Scurrent LOD 

None 

RSD S20% or r?0.995 

RPD S15% 

'~ 

Determine sampling/analytical 
variability 

1) Repeat test 
2) Take corrective action 
3) Repeat calibration and test 

Repeat calibration 

1) Clean system 
2) Reanalyze 

1) Reanalyze 
2) Clean system 
3) Redigest and reanalyze 

1) Run check sample (QCCS) 
2) Correct problem 
3) If QCCS fails, reanalyze samples 
4) If not, flag data 

1) Run check sample (QCCS) 
2) Correct problem 
3) If QCCS fails, reanalyze samples 
4) If not, flag data 

Used to verify current LOD 

Determine sampling/analytical 
variability 

Repeat calibration 

Repeat 5-point calibration 

~ ' ~ 



ll' 

-.....] II 
I 

>--" 
-.....] .. 

····••11111••1••••1•1••• 
SW-846:8080 
(Continued) 

I 

l 

Organochlorine 
Pesticides and PCBs 
(Continued) 

i " iii ~ ~ 

Table 7-2 

(Continued) 

····••1•1•••111•········· DDT and endrin I Daily prior to analyses 
degradation check sample 

Surrogate spikes 

Extraction blank 

r Method blank 

QC check sample 
(QCCS) 

Matrix spike 

Matrix spike duplicate 

Field 
Duplicate field samples 

Every sample 

5% 

Daily 

Is% 

1 s% 

5% 

5%; minimum one per 
program 

Degradation .!S,20% (see 
method) 

Based on CLP method 

sMDL 

sMDL 

I Laboratory derived 

I CLP limits 

RPO <50% and recovery 
within method specified limits 
(Table 3) 

None 

1) Follow maintenance in Method 
8000, see Section 7.7 

2) Recalibrate 

1) Evaluate system 
2) Recalculate data and/or 

reanalyze extract 
3) Flag data 

1) Clean system 
2) Reanalyze 
3) Flag data 

1) Clean system 
2) Reanalyze 

1) Evaluate system 
2) Repeat test for criteria that 

failed 

1) Analyze QCCS 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

1) Analyze QCCS 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

Will be used to determine 
sampling/analytical variability 
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SW-846:8140 

1 

Organophosphorus 
Pesticides 

t 

ilmBl•ii 
Laboratory 
Multipoint calibration 
(minimum 5 points) 

Calibration check sample 

QC check sample 

Surrogate spikes 

System blank 

Extraction blank 

Matrix spike 

Matrix spike duplicate 

J ~ 

~ 

Table 7-2 

(Continued) 

Initially and as required by 
daily check 

Daily prior to sample 
analyses 

5% 

Every sample 

Daily 

5% 

5% 

5% 

; 

RPD :S20% or r>0.995 

RPD :S15% 

Laboratory derived 

Laboratory derived 

:s MDL 

:sMDL 

Laboratory derived 

RPD <50% and recovery 
within method specified limits 

Repeat calibration 

Repeat 5-point calibration 

1) Evaluate system 
2) Repeat test for criteria that 

failed 

1) Evaluate system 
2) Recalculate data and/or 

reanalyze extract 
3) Analyze QCCS, if QCCS fails, 

reextract and reanalyze sample 
4) Flag data and report analysis and 

reanalysis results 

1) Clean system 
2) Reanalyze 

1) Clean system 
2) Reanalyze 
3) Flag data 

1) Analyze QCCS 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

1) Analyze QCCS 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

' ~ ~ r ~ 
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SW-846:8140 
(Continued) 

SW-846:8150 

SW-846:8150 
(Continued) 

i: ii' 

Organophosphorus 
Pesticides 
(Continued) 

Herbicides 

Herbicides 
(Continued) 

I. I 

••11111 
Field 
Duplicate field samples 

Laboratory 
Multipoint calibration 
(minimum of 5 points) 

Single point calibration 

Surrogate spikes 

Quality control check 
sample (QCCS) 

System blank 

Method blank 

Matrix spike 

Matrix spike duplicate 

~ 
Duplicate field samples 

' .. 

Table 7-2 

' " 

(Continued) 

5%; minimum one per 
program 

Initially, and as required by 
daily check 

Daily, prior to sample 
analyses 

Every sample 

I 5% 

Daily 

5% 

5% 

5% 

5% minimum one per 
program 

: .. ~~]] 

None 

RSD :S20% for RFs 

RPD:S15% 

Laboratory derived 

I Laboratory derived 

I :SMDL 

<MDL 

Laboratory derived 

RPD :S50% and recovery 
within method specified limits 

None 

Will be used to determine 
sampling/analytical variability 

Repeat calibration 

Repeat multipoint calibration 

1) Evaluate system 
2) Recalculate data and/or 

reanalyze extract 
3) Flag data 

1) Recalibrate 
2) Reanalyze affected samples 

1) Clean system 
2) Reanalyze 

1) Clean system 
2) Reanalyze 
3) Flag data 

1) Analyze QCCS 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

1) Analyze QCCS 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

Will be used to determine sampling 
and analytical variability 
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0 
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Volatile Organic 
Compounds 

~ s ~ J, 

··············--········· Laboratory 
Check of mass spectral 
ion intensities using BFB 

5-point calibration at 10-
200 ppb range 

System performance 
check compounds 

Calibration check 
compounds 

Surrogate spikes 

Internal standards 

Method Blank 

Quality Control Check 
Sample 

J J J 

Table 7-2 

(Continued) 

Daily prior to sample 
analysis, or every 12 hours 

Initial calibration; and as 
required 

Every 12 hours 

Every 12 hours 

Every sample 

Every sample 

Daily prior to analyses 

5% 

:-:·:·:·:·:-;.;.:-:-:-:-:-:-:-:-:-:-:;:;:;:;:;:::;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:::::;:;:·:;: ;:;:·:;:;::::0::1 

:~~):,? 

Refer to method (Table 3) 

RF variability for specific 
compounds <30% RSD 

RF :s0.300 (0.250 for 
bromoform) 

RSD <25% 

Laboratory derived 

Refer to method 

<DL except for common 
laboratory contaminants which 
may be 5 x DL 

Refer to method 

~ ~ * 

1) Retune instrument 
2) Repeat BFB analysis 

Repeat calibration 

1) Evaluate system 
2) Repeat calibration 

1) Evaluate system 
2) Repeat test 
3) Recalibrate 

1) Evaluate system 
2) Recalculate data and/or 

reanalyze extract 
3) Flag data 

1) Inspect mass spectrometer 
2) Correct problem 
3) Repeat calibration 
4) Reanalyze samples 

1) Run solvent blank 
2) Reanalyze blank and samples 

1) Evaluate system 
2) Repeat test for criteria that 
failed 

~ 
w ' f. ' f ' 
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SW-846:8240 
(Continued) 

• •• Volatile Organic I Matrix spike 
Compounds (Continued) 

Table 7-2 

(Continued) 

5% Refer to method (Table 6) 1) Run check samples (QCCS) 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

1) Run check sample (QCCS) 
2) Correct problem 
3) If QCCS is ok; flag data 
4) If QCCS is not ok; reanalyze 

samples 

Used to determine 
sampling/analytical variability 

Will be used to determine sources 
of contamination 

Retune instrument 
Repeat DFI'PP analysis 

Repeat calibration 

1) Evaluate system 
2) Repeat calibration 

1) Evaluate system 
2) Take corrective action 
3) Repeat test 
4) See lab manager 

1) Evaluate system 
2) Recalculate data and/or 
reanalyze 

extract 
3) Flag data 
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SW-846:8280 
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<•1•11•11 
Semivolatile Organic I Internal standards 
Compounds (Continued) 

Dioxins and Furans 

Extraction blank 

Matrix spike 

Matrix spike duplicate 

B!ili! 
Duplicate field sample 

Laboratory 
Initial calibration 
Multipoint, 5 levels in 
triplicate 

Single-point check 

TCDD chromatography 
check 

1 ' 

Table 7-2 

(Continued) 

Every sample 

5% or daily 

5% 

5% 

5% 

••=•····························•·1••1•1:1•1••••

1 

Refer to method 

<DL except for common 
laboratory contaminants which 
may be 5 x DL 

Refer to method (Table 6) 

.s,50% RPO and recovery 
within limits of method (Table 
6) 

None 

Yearly, with fresh standards I Relative standard deviation 
S15% 

Daily I Agreement within 30% of 
value predicted from 
multipoint calibration curve 

Daily I 25% valley between 1,2,3,4-
TCDD and 2,3,7,8-TCDD 

l " ~ 1 

1) Inspect mass spectrometer 
2) Correct problems and repeat 

calibration 
3) Reanalyze samples 

1) Run solvent blank 
2) Evaluate system 

1) Run check sample (QCCS) 
2) Correct problem 
3) If QCCS fails, reanalyze samples 
4) Flag data 

1) Run check samples (QCCS) 
2) Correct problem 
3) If QCCS fails, reanalyze samples 
4) Flag data 

Will be used to determine 
sampling/analytical variability 

1) Repeat initial calibration 
2) Evaluate system 
3) Repeat calibration 

1) Repeat single point check 
2) Repeat multipoint 

Replace column 

5 ' 
f !I 
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··.·····~·· Method 
SW-846:8280 
(Continued) 

i 

Dioxins and Furans 
(Continued) 

~' 

··········•()iiiility•·~fu>a··~·········· PCDD/PCDF retention 
time window check 

Sensitivity check 

Method blank 

Duplicate analyses 

Surrogate spike 

Lab Check Standard 
(LCS) 

fu!!! 
Duplicate samples 

ii 

Table 7-2 

(Continued) 

Daily, unless retention times I Less than ±0.2 minutes 
of internal standards vary variation on internal standards 
>0.2 minutes 

Daily 

5% 

5% 

Every sample 

5% 

5% 

> 150,000 area counts from 
322 ion from 1 µI of 1.0 ppm 
Ci 3-2,3,7,8-TCDD 

:sMDL 

Not specified 

Method specified limits of 40-
120% 

40 - 120% Recovery 

None 

Rerun retention time standard, 
adjust SIM windows 

1) Evaluate instrument 
2) Take corrective action 

Used to assess contamination 

Obtain third value 

Flag data 

1) Evaluate system 
2) Recalculate data 
3) Reanalyze standard 
4) Correct problem 
5) Reanalyze affected samples 

Used to assess sampling/analytical 
variability 
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SW-846:9030 I Sulfide 

f J ,, ' ' ' ' 

11•11• 
Laboratory 
Calibration curve 

QC Check standard 

Reagent blank 

Duplicate analysis 

Matrix spike 

Matrix spike duplicate 

Field 
Duplicate sample 

I Laboratory 
Standardize Iodine 
solution 

Standardize titrant 

Matrix spike 

t 

Table 7-2 

(Continued) 

Daily, prior to sample 
analyses 

10% 

1 per batch ::S20 samples 

5% 

5%, or minimum of 1 per 
batch 

5%, or minimum of 1 per 
batch 

I 5% 

Daily 

Daily 

10% 

[ 

ri!:0.995 

±15% error 

<O.Olµg/L 

RPO ::S20% 

75 -125% 

RPO ::S20% and recovery 
within 75 - 125% 

I None 

RPO ::S5% for duplicates 

RPO ::s5% for duplicates 

75-125% Recovery 

' ' ~ 

Repeat calibration 

1) Reanalyze 
2) Repeat calibration 
3) Reanalyze affected samples 

1) Clean instrument/equipment 
2) Rerun test 

Obtain third value 

1) Check calculations 
2) Analyze QCCS 
3) If QCCS ok; flag data 
4) If QCCS not ok; reanalyze 

samples 

1) Check calculations 
2) Analyze QCCS 
3) If QCCS ok; flag data 
4) If QCCS not ok; reanalyze 

samples 

Used to assess sampling/analytical 
variability 

Repeat standardization 

Repeat standardization 

1) Check calculations 
2) Reanalyze 
3) flag data 

i l ~ . ' f I t ~ 
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(Continued) 

SW-846:9060 

Sulfide 
(Continued) 

Total Organic Carbon 
(TOC) 

i !; 

•111• 
Matrix spike duplicate 

Blank 

Duplicate analyses 

Field 
Duplicate sample 

Laboratory 
Calibration 

QC check standard 

Duplicate analysis 

Field 
Duplicate samples 

' ~ 

Table 7-2 

(Continued) 

10% 

One per batch :S20 samples 

10% 

5% 

Daily, prior to sample 
analyses 

10% or minimum of 1 per 
batch 

10% 

5% 

~ ' ~ 

RPD :S20% and 80 - 120% 
Recovery 

:sMDL 

RPD :si5% 

None 

N/A 

±20% error 

RPD <20% 

None 

1) Check calculations 
2) Reanalyze 
3) Flag data 

1) Reanalyze blank 
2) Reanalyze samples 

1) Obiain third value 

Used to assess sampling/analytical 
variability 

N/A 

Repeat calibration 

1) Obtain 3rd value 
2) Flag data 

Used to assess sampling/analytical 
variability 

a Frequencies for duplicate samples and field blanks are computed based on the total number of samples taken for and the number of analyses specified in the SOW. 

QCCS 
MDL 
N/A 
RF 
DL 
RPD 

= Quality Control Check Samples 
= Method Detection Limit 
= Not Applicable 
= Response Factor 
= Detection Limit 
= Relative Percent Difference 



• 

• 

If the QCCS compounds are recovered within criteria, flag data as 
matrix effect. 

If the QCCS compounds are recovered outside criteria, reextract and 
reanalyze the sample, report both sets of results. 

"''" 

-

A brief description of the analysis and the corrective action taken will be included in the ... 

laboratory report. These corrective actions are summarized in Table 7-2. -

To meet the State of New Mexico's requirement for a calibration check near 

the POL, Radian proposes to analyze a second-source calibration standard for each method. 

This check standard will be a representative subset of the analytes to be determined. 

For this project, all samples will be reported on a dry-weight basis. The dry

weight calculation will be based on a moisture analysis. 

The data analysis required to calculate sample concentrations will proceed 

according to procedures outlined in the analytical methods identified in Table 7-2. Data 

reduction involves taking instrument responses or other raw data and calculating 

concentrations for each target analyte. Data validation involves examining the systems 

producing the data to be sure they are operating properly and quality objectives have been 

met. Data will be reviewed and validated by the laboratory QC officer. Data will be 

validated for conformance with method specifications including: 

• Calibration; 

• Duplicate analysis; 

• Blank analysis; 

• Spike analysis; 

• Sample data calculations; and 

• Quality control sample frequency. 
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The quality controll activities implemented in this project will provide a basis 

for assessing the accuracy and precision of all data. If the recoveries for the dioxin/furan 

spikes are below the control limits presented in Table 7-2, and the signal-to-noise ratio of 

the compound of interest is > 10: 1, then the data will be deemed acceptable and reported. 

Frequencies and acceptance criteria for these tests are presented in Table 7-2. Calculations 

are presented below. 

Accuracy 

For this project, accuracy of the measurement data will be assessed and 

controlled by continuing calibration check samples (CCCS), quality control check samples 

(QCCS), and method spikes (blank spikes). These results will be used to control accuracy 

within acceptable limits by requiring that they meet specific criteria. As CCCS, QCCS, and 

method spike samples are analyzed, recoveries will be calculated and compared to pre

established acceptance limits. Recovery is calculated as the measured value divided by the 

actual value times 100. Overall inaccuracy will be calculated as the average of (100 -

%recovery). This inaccuracy estimate includes systematic bias and random bias and will be 

compared to Table 3-1 to determine data acceptability. 

Precision 

For this project, precision will be assessed and controlled through the use of 

sequential CCCS, QCCS, and duplicate analyses. The coefficient of variation (CV) will be 

used to estimate precision for sequential CCCS and QCCS and is calculated by: 

CV = Standard Deviation x 100 

Mean 

The relative percent difference (RPD) will be used to estimate precision for analytical 

duplicates and is calculated by: 
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RPD = --Xi--:..Xl- x 100 

{X1 + X2)/2 

The standard analytical methods and procedures that will be used for soil and 

sludge samples are briefly discussed in the following subsections. 

7.1 Metals by ICPES - EPA Method 6010 

7.1.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

antimony, barium, beryllium, cadmium, chromium, cobalt, copper, nickel, silver, tin, 

vanadium, and zinc at the Holloman AFB sewage lagoons listed in 5-1. 

7.1.1.1 Sample Preparation 

Soil samples will be prepared according to EPA Method 3050. The laboratory

specific SOP is presented in Appendix A. 

7.1.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

antimony, barium, beryllium, cadmium, chromium, cobalt, copper, nickel, silver, tin, 

vanadium, and zinc at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.1.2.1 Sample Preparation 

Sludge samples will be prepared according to EPA Method 3050. The 

laboratory-specific SOP is presented in Appendix A. 
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7 .1.3 Analytical Method. 

Metals (antimony, barium, beryllium, cadmium, chromium, cobalt, copper, 

nickel, silver, tin, vanadium, and zinc) will be determined by EPA Method 6010 which allows 

the simultaneous, or sequential, measurement of elements using Inductively Coupled Plasma 

Emission Spectroscopy (ICPES). This method measures the element emitted light by optical 

spectrometry. Samples are nebulized, and the resulting aerosol is transported to the plasma 

torch. Element specific atomic-line emission spectra are produced which are dispersed by 

a grating spectrometer and monitored for intensity by photomultiplier tubes. 

7.1.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.1.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7.1.6 Instrument Calibiration and Frequency 

Detailed calibration procedures for ICPES systems are described in SW-846, 

3rd ed. A response factor (RF) is calculated daily for each metal based on three exposures 

of a calibration standard and c~alibration blank. The RF is calculated and stored in the 

ICPES computer. 
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7.1.7 Internal Quality Control Checks 

Following calibration, a mid-level calibration check sample is analyzed. 

Calibration is verified by analyzing a QC check standard (prepared independently of 

calibration standards) every 10 samples. Additional internal quality control checks are 

presented in Table 7-2. 

7.1.8 Corrective Action 

Following calibration, a mid-level calibration check sample is analyzed; 

agreement between the measured value and the expected value must be within 5 percent 

for analyses to proceed. Calibration is verified by analyzing a QC check standard (prepared 

independently of calibration standards) every 10 samples; agreement within ± 15 percent of 

the expected value is required for all metals analyzed by ICPES. A summary of corrective 

action procedures is presented in Table 7-2. 

7.1.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs ). 

7.2 Arsenic by Furnace AA - SW 7060 

7.2.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

arsenic at the Holloman AFB sewage lagoons listed in Table 5-1. 
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7.2.1.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Appendix A, "Acid Digestion Procedure of Sludges - Method 3050 

Digestions." 

7.2.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

arsenic at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.2.2.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Appendix A, "Acid Digestion of Sludges - Method 3050 

Digestions." 

7.2.3 Analytical Method 

Following the laboratory SOP, a sample aliquot will be placed in a graphite 

tube in the furnace, evaporated, charred, and atomized. Radiation from a given excited 

element is passed through the vapor containing ground-state atoms of arsenic. The intensity 

of the radiation decreases in proportion to the amount of ground-state atoms present. A 

monochromator isolates the characteristic radiation from the hollow cathode tube or 

electrodeless discharge lamp, and a photosensitive device measures the attenuated trans

mitted radiation. 

7.2.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 
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7.2.S Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A 

7.2.6 Instmment Calibration and Frequency 

A multi-point calibration curve with a correlation coefficient of greater than 

0.995 must be generated daily, prior to analyses. 

7.2. 7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.2.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.2.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs ). 
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7.3 Lead by Furnace AA - SW 7421 

7.3.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of lead 

at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.3.1.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Appendix ~ "Acid Digestion Procedure of Sludges - Method 3050 

Digestions." 

7.3.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

lead at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.3.2.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Appendix ~ "Acid Digestion Procedure of Sludges - Method 3050 

Digestions." 

7.3.3 Analytical Method 

Following the laboratory SOP, a sample aliquot will be placed in a graphite 

tube in the furnace, evaporated, charred, and atomized. Radiation from a given excited 

element is passed through the vapor containing ground-state atoms of lead. The intensity 

of the radiation decreases in proportion to the amount of ground-state atoms present. A 
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monochromator isolates the characteristic radiation from the hollow cathode tube or 

electrodeless discharge lamp, and a photosensitive device measures the attenuated trans

mitted radiation. 

7.3.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7 .3.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7 .3.6 Instrument Calibration and Frequency 

A multi-point calibration curve with a correlation coefficient of greater than 

0.995 must be generated daily, prior to analyses. 

7.3.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.3.8 Corrective Action 

Corrective actions are presented in Table 7-2. 
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7.3.9 Data Reduction, Validation, and Documentation 

Data will be reduc1~d, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 

7.4 Mercury - SW 74i'l (Cold-Vapor) 

7.4.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

mercury at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.4.1.1 Sample Preparation 

Soil samples will be prepared as directed in Method 7471. 

7.4.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

mercury at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.4.2.1 Sample Preparati.on 

Sludge samples will be prepared as directed in Method 7471. 

7.4.3 Analytical Method 

Following EPA Method 7471, mercury in the sample is reduced to the 

elemental state and aerated from solution in a closed system. The mercury vapor passes 
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through a cell positioned in the light path of an atomic absorption spectrometer where 

absorbance due to mercury is measured. 

7.4.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.4.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7.4.6 Instrument Calibration and Frequency 

A multi-point calibration curve with a correlation coefficient of greater than 

0.995 must be generated daily, prior to analyses. 

7.4.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7 .4.8 Corrective Action 

Corrective actions are presented in Table 7-2. 
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7.4.9 Data Reduction, Validation, and Documentation 

Data will be reduc1!d, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 

7.5 Selenium by Furn:ace AA - SW 7740 

7.5.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

selenium at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.5.1.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Appendix A, "Acid Digestion Procedure For Sludge - Method 3050 

Digestions." 

7.5.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

selenium at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.5.2.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Appendix A, "Acid Digestion Procedure For Sludge - Method 3050 

Digestions." 
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7.5.3 Analytical Method 

Following EPA Method 7740 and the laboratory SOP, a sample aliquot will 

be placed in a graphite tube in the furnace, evaporated, charred, and atomized. Radiation 

from a given excited element is passed through the vapor containing ground-state atoms of 

selenium. The intensity of the radiation decreases in proportion to the amount of ground

state atoms present. A monochromator isolates the characteristic radiation from the hollow 

cathode tube or electrodeless discharge lamp, and a photosensitive device measures the 

attenuated transmitted radiation. 

7.5.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.5.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7.5.6 Instrument Calibration and Frequency 

A multi-point calibration curve with a correlation coefficient of greater than 

0.995 must be generated daily, prior to analyses. 

7 .5. 7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 
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7.5.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.5.9 Data Reduction, Validation, and Documentation 

Data will be reduc,ed, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 

7.6 Thallium by Furnace AA - SW 7841 

7.6.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

thallium at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.6.1.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Apptmdix A, "Acid Digestion Procedure For Sludges - Method 

3050 Digestions." 

7.6.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

thallium at the Holloman AFB sewage lagoons listed in Table 5-1. 
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7.6.2.1 Sample Preparation 

Samples will be prepared following EPA Method 3050 and the laboratory

specific SOP provided in Appendix A, "Acid Digestion Procedure For Sludges - Method 

3050 Digestions." 

7.6.3 Analytical Method 

Following the laboratory SOP, a sample aliquot will be placed in a graphite 

tube in the furnace, evaporated, charred, and atomized. Radiation from a given excited 

element is passed through the vapor containing ground-state atoms of thallium. The 

intensity of the radiation decreases in proportion to the amount of ground-state atoms 

present. A monochromator isolates the characteristic radiation from the hollow cathode 

tube or electrodeless discharge lamp, and a photosensitive device measures the attenuated 

transmitted radiation. 

7.6.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.6.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 
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7.6.6 Instrument Calibration and Frequency 

A multi-point calibration curve with a correlation coefficient of greater than 

0.995 must be generated daily, prior to analyses. 

7.6.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.6.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.6.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs ). 

7.7 Oraanochlorine Pesticides and PCBs - SW 8080 

7. 7.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

organochlorine pesticides and PCBs at the Holloman AFB sewage lagoons listed in Table 

5-1. 

7.7.1.1 Sample Preparatilon 

Prior to analysis, samples will be prepared using either Method 3540 or Method 

3550. Method 3540 and Method 3440 are procedures for extracting nonvolatile and 
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semivolatile organic compounds from soils and sludges. Both processes ensure intimate 

contact of the sample matrix with the extraction solvent. 

Using Method 3540, the solid sample is mixed with anhydrous sodium sulfate, 

placed in an extraction thimble or between two plugs of glass wool, and extracted using an 

appropriate solvent in a Soxhlet extractor. The extract is then dried, concentrated, and as 

necessary, exchanged into hexane. 

Using Method 3550, the sample is mixed with anhydrous sodium sulfate to 

form a free-flowing powder. The solvent is then extracted using sonication. The extract is 

separated from the sample by vacuum filtration or centrifugation. The extract is ready for 

cleanup and/ or analysis following concentration. 

Method 3620 may be used to cleanup the extracts. Florisil is a magnesium 

silicate with acidic properties. The column is packed with the required adsorbent, topped 

with a water adsorbent, and then loaded with the sample to be analyzed. Elution is effected 

with hexane. The eluate is analyzed. 

Method 3640, gel permeation chromatography (GPC), is a size exclusion 

procedure using organic solvents and hydrophobic gels in the separation of synthetic 

macromolecules that may be used to cleanup the extracts. The packing gel is porous and 

is characterized by the range or uniformity of that pore size. The column is packed with the 

required amount of preswelled absorbent and is flushed with solvent for an extended period. 

The column is calibrated and then loaded with the sample to be analyzed. Elution is 

effected with a suitable solvent the product is then concentrated. 

Method 3660 will be used to cleanup the extract for analysis for PCBs. Sulfur 

is encountered in many sediment samples. Method 3660 is used after Method 3620 is 

employed. The solubility of sulfur in various solvents is very similar to the organochlorine 

pesticides; therefore, the sulfur interference follows along with the pesticides through the 
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normal extraction and cleanup techniques. To eliminate this interference, the sample is 

mixed with mercury and the extract is removed from the sulfur cleanup reagent. 

7.7.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

organochlorine pesticides and PCBs at the Holloman AFB sewage lagoons listed in Table 

5-1. 

7.7.2.1 Sample Preparation 

Prior to analysis, sampl1es will be prepared using either Method 3540 or Method 

3550. Method 3540 and Method 3440 are procedures for extracting nonvolatile and 

semivolatile organic compounds from soils and sludges. Both processes ensure intimate 

contact of the sample matrix with the extraction solvent. 

Using Method 3540, the solid sample is mixed with anhydrous sodium sulfate, 

placed in an extraction thimble or between two plugs of glass wool, and extracted using an 

appropriate solvent in a Soxhlet extractor. The extract is then dried, concentrated, and as 

necessary, exchanged into hexane. 

Using Method 3550, the sample is mixed with anhydrous sodium sulfate to 

form a free-flowing powder. The solvent is then extracted using sonication. The extract is 

separated from the sample by vacuum filtration or centrifugation. The extract is ready for 

cleanup and/ or analysis following concentration. 

Method 3620 may be used to cleanup the extracts. Florisil is a magnesium 

silicate with acidic properties. The column is packed with the required adsorbent, topped 

with a water adsorbent, and then loaded with the sample to be analyzed. Elution is effected 

with hexane. The eluate is analyzed. 
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Method 3640, gel permeation chromatography ( GPC), is a size exclusion 

procedure using organic solvents and hydrophobic gels in the separation of synthetic 

macromolecules that may be used to cleanup the extracts. The packing gel is porous and 

is characterized by the range or uniformity of that pore size. The column is packed with the 

required amount of preswelled absorbent and is flushed with solvent for an extended period. 

The column is calibrated and then loaded with the sample to be analyzed. Elution is 

effected with a suitable solvent the product is then concentrated. 

Method 3660 will be used to cleanup the extract for analysis for PCBs. Sulfur 

is encountered in many sediment samples. Method 3660 is used after Method 3620 is 

employed. The solubility of sulfur in various solvents is very similar to the organochlorine 

pesticides; therefore, the sulfur interference follows along with the pesticides through the 

normal extraction and cleanup techniques. To eliminate this interference, the sample is 

mixed with mercury and the extract is removed from the sulfur cleanup reagent. 

7.7.3 Analytical Method 

Method 8080 is a gas chromatographic method using electron capture detection 

or halide-specific detection. This method is used to determine the concentration of certain 

organochlorine pesticides and polychlorinated biphenyls with second column confirmation. 

Operating parameters and interferences are described in Method 8080 and the laboratory

specific SOP in Appendix A. 

7.7.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 
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7. 7.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A 

7. 7.6 Instrument Calibr:ation and Frequency 

Calibration will b<! performed as directed in the method and described in 

Table 7-2. 

7.7.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.7.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.7.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs ) . 
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7.8 Oreanophosphorus Pesticides - SW 8140 

7.8.1 Soil Matrix 

Soil samples will be analyzed by Method 8140 to determine the natural 

concentrations of organophosphorus pesticides at the Holloman AFB sewage lagoons listed 

in Table 5-1. 

7.8.1.1 Sample Preparation 

Prior to analysis, samples will be prepared using either Method 3540 or Method 

3550. Method 3540 and Method 3440 are procedures for extracting nonvolatile and 

semivolatile organic compounds from soils and sludges. Both processes ensure intimate 

contact of the sample matrix with the extraction solvent. 

Using Method 3540, the solid sample is mixed with anhydrous sodium sulfate, 

placed in an extraction thimble or between two plugs of glass wool, and extracted using an 

appropriate solvent in a Soxhlet extractor. The extract is then dried, concentrated, and as 

necessary, exchanged into hexane. 

Using Method 3550, the sample is mixed with anhydrous sodium sulfate to 

form a free-flowing powder. The solvent is then extracted using sonication. The extract is 

separated from the sample by vacuum filtration or centrifugation. The extract is ready for 

cleanup and/ or analysis following concentration. 

Method 3620 may be used to cleanup the extracts. Florisil is a magnesium 

silicate with acidic properties. The column is packed with the required adsorbent, topped 

with a water adsorbent, and then loaded with the sample to be analyzed. Elution is effected 

with hexane. The eluate is analyzed. 
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Method 3640, gel permeation chromatography ( GPC), is a size exclusion 

procedure using organic solve:a.ts and hydrophobic gels in the separation of synthetic 

macromolecules that may be used to cleanup the extracts. The packing gel is porous and 

is characterized by the range or uniformity of that pore size. The column is packed with the 

required amount of preswelled a.bsorbent and is flushed with solvent for an extended period. 

The column is calibrated and then loaded with the sample to be analyzed. Elution is 

effected with a suitable solvent the product is then concentrated. 

7.8.2 Sludge Matrix 

Sludge samples will be analyzed by Method 8140 to determine the natural 

concentrations of organophosphorus pesticides at the Holloman AFB sewage lagoons listed 

in Table 5-1. 

7.8.2.1 Sample Preparation 

Prior to analysis, samples will be prepared using either Method 3540 or Method 

3550. Method 3540 and Method 3440 are procedures for extracting nonvolatile and 

semivolatile organic compounds from soils and sludges. Both processes ensure intimate 

contact of the sample matrix with the extraction solvent. 

Using Method 3540, the solid sample is mixed with anhydrous sodium sulfate, 

placed in an extraction thimble or between two plugs of glass wool, and extracted using an 

appropriate solvent in a Soxhlet extractor. The extract is then dried, concentrated, and as 

necessary, exchanged into hexane. 

Using Method 3550, the sample is mixed with anhydrous sodium sulfate to 

form a free-flowing powder. The solvent is then extracted using sonication. The extract is 

separated from the sample by vacuum filtration or centrifugation. The extract is ready for 

cleanup and/ or analysis following concentration. 
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Method 3620 may be used to cleanup the extracts. Florisil is a magnesium 

silicate with acidic properties. The column is packed with the required adsorbent, topped 

with a water adsorbent, and then loaded with the sample to be analyzed. Elution is effected 

with hexane. The eluate is analyzed. 

Method 3640, gel permeation chromatography (GPC), is a size exclusion 

procedure using organic solvents and hydrophobic gels in the separation of synthetic 

macromolecules that may be used to cleanup the extracts. The packing gel is porous and 

is characterized by the range or uniformity of that pore size. The column is packed with the 

required amount of preswelled absorbent and is flushed with solvent for an extended period. 

The column is calibrated and then loaded with the sample to be analyzed. Elution is 

effected with a suitable solvent the product is then concentrated. 

7 .8.3 Analytical Method 

Method 8140 is a gas chromatographic method using flame photometric 

detection or thermionic detection. This method is used to determine the concentration of 

certain organophosphorus pesticides. Second column confirmation analyses will be 

performed for all target analytes detected. Operating parameters and interferences are 

described in Method 8140 and the laboratory-specific SOP in Appendix A. 

7.8.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.8.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 
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available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7.8.6 Instrument Calibr·ation and Frequency 

Calibration will bt:~ performed as directed in the method and as summarized 

in Table 7-2. 

7.8.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.8.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.8.9 Data Reduction, Validation, and Documentation 

Data will be reduc~~d, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 

7.9 Chlorinated Herbicides - SW 8150 

7.9.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

chlorinated herbicides at the Holloman AFB sewage lagoons listed in Table 5-1. 
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7.9.1.1 Sample Preparation 

Soil samples will be prepared as directed in Method 8150. 

7.9.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

chlorinated herbicides at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.9.2.1 Sample Preparation 

Sludge samples will be prepared as directed in Method 8150. 

7.9.3 Analytical Method 

Method 8150 provides extraction, esterification, and gas chromatographic 

conditions for the analysis of chlorinated acid herbicides. Second column confirmation 

analyses will be performed for all target analytes detected. A description of the method will 

be found in Method 8150, or the laboratory SOP provided in Appendix A. 

7.9.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.9.5 Preventive Maintenance 

-
A preventive maintenance program will be followed to ensure the availability -

and accuracy of instruments. Records of repairs and adjustments will be maintained and """. 

available for inspection, upon request. Laboratory SOPs of instrument maintenance -

procedures are presented in Appendix A. -

-
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7.9.6 Instrument Calibl'ation and Frequency 

Five-point calibration curves are prepared daily. QCCS samples are analyzed 

to verify calibration at a frequency of 5 percent of samples analyzed. 

7.9. 7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.9.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.9.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 

7.10 Volatile Oreanics - SW 8240 

7.10.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

volatile organics at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.10.1.1 Sample Preparation 

Sample preparation for analysis of soil samples by Method 8240 will follow 

Method 5030, purge and trap. The procedure for low-level concentrations will be followed 

when possible given the samples at hand. The laboratory-specific SOP is provided in 
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Appendix A Prior to determination of the three compounds, 1,4-dioxane, isobutanol, and 

methacrylonitrile, these compounds will be extracted from soils with water. The resulting 

aqueous extract will then be analyzed by direct injection. 

7.10.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

volatile organics at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.10.2.1 Sample Preparation 

Sample preparation for analysis of sludge samples by Method 8240 will follow 

Method 5030, purge and trap. The procedure for mid-level concentrations will be followed. 

The laboratory-specific SOP is provided in Appendix A. Prior to determination of the three 

compounds, 1,4-dioxane, isobutanol, and methacrylonitrile, these compounds will be 

extracted from sludge samples with water. The resulting aqueous extract will then be 

analyzed by direct injection. 

7.10.3 Analytical Method 

The presence and concentration of purgeable halocarbon and organic 

compounds (volatile organics) in soil and sludge samples will be determined by EPA 

Method 8240 with a capillary column. The laboratory-specific SOP is provided in Appendix 

A This method uses a purge and trap gas chromatographic/mass spectrometer (GC/MS) 

technique. An inert gas is bubbled through water to transfer the purgeable organic 

compounds from the liquid to the vapor phase. The vapor is then swept through a sorbent 

trap where the purgeables are trapped. The trap is backflushed and heated to desorb the 

purgeable organics onto a gas chromatographic capillary column where they are separated 

and then detected with a mass spectrometer. The analysis will include a 10 peak library 

search for tenatively identified compounds (TI Cs). 
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7.10.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.10.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. R1~cords of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7.10.6 Instrument Calibration and Frequency 

Calibrations will be performed daily using a five point calibration curve and 

checked every 12 hours with a continuing calibration check sample. 

7.10.7 Internal Quality Control Checks 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.10.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.10.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 
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7.11 Semivolatile Omanics - SW 8270 

7.11.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

semivolatile organics at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.11.1.1 Sample Preparation 

Soil samples will be prepared using either Method 3540, soxhlet extraction, or 

Method 3550, sonication. Laboratory SOPs are provided in Appendix A. Method 3540 and 

Method 3440 are procedures for extracting nonvolatile and semivolatile organic compounds 

from soils and sludges. Both processes ensure intimate contact of the sample matrix with 

the extraction solvent. 

Using Method 3540, the solid sample is mixed with anhydrous sodium sulfate, 

placed in an extraction thimble or between two plugs of glass wool, and extracted using an 

appropriate solvent in a Soxhlet extractor. The extract is then dried, concentrated, and as 

necessary, exchanged into hexane. 

Using Method 3550, the sample is mixed with anhydrous sodium sulfate to 

form a free-flowing powder. The solvent is then extracted using sonication. The extract is 

separated from the sample by vacuum filtration or centrifugation. The extract is ready for 

cleanup and/ or analysis following concentration. 

Method 3640, gel permeation chromatography (GPC), is a size exclusion 

procedure using organic solvents and hydrophobic gels in the separation of synthetic 

macromolecules that may be used to cleanup the extracts. The packing gel is porous and 

is characterized by the range or uniformity of that pore size. The column is packed with the 

required amount of preswelled absorbent and is flushed with solvent for an extended period. 
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The column is calibrated and then loaded with the sample to be analyzed. Elution is 

effected with a suitable solvent the product is then concentrated. 

Method 3650, acid-base partition cleanup, may be used. The solvent extract 

is shaken with water that is strongly basic. The acid analytes partition into the aqueous 

layer, whereas, the basic and neutral compounds stay in the organic solvent. The 

base/neutral fraction is concentrated and is ready for further cleanup, if necessary, or 

analysis. The aqueous layer is a1:idified and extracted with an organic solvent. This extract 

is concentrated and then ready :for analysis for the acid analytes. 

7.11.2 Sludge Matrix 

Sludge samples wiil be analyzed to determine the natural concentrations of 

semivolatile organics at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.11.2.1 Sample Preparatfon 

Sludge samples will be prepared using either Method 3540, soxhlet extraction, 

or Method 3550, sonication. Laboratory SOPs are provided in Appendix A. Method 3540 

and Method 3440 are procedures for extracting nonvolatile and semivolatile organic 

compounds from soils and sludges. Both processes ensure intimate contact of the sample 

matrix with the extraction solvent. 

Using Method 3540, the solid sample is mixed with anhydrous sodium sulfate, 

placed in an extraction thimble or between two plugs of glass wool, and extracted using an 

appropriate solvent in a Soxhlet extractor. The extract is then dried, concentrated, and as 

necessary, exchanged into hexan.e. 

Using Method 3550, the sample is mixed with anhydrous sodium sulfate to 

form a free-flowing powder. Th1e solvent is then extracted using sonication. The extract is 
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separated from the sample by vacuum filtration or centrifugation. The extract is ready for 

cleanup and/ or analysis following concentration. 

Method 3640, gel permeation chromatography ( GPC), is a size exclusion 

procedure using organic solvents and hydrophobic gels in the separation of synthetic 

macromolecules that may be used to cleanup the extracts. The packing gel is porous and 

is characterized by the range or uniformity of that pore size. The column is packed with the 

required amount of preswelled absorbent and is flushed with solvent for an extended period. 

The column is calibrated and then loaded with the sample to be analyzed. Elution is 

effected with a suitable solvent the product is then concentrated. 

Method 3650, acid-base partition cleanup, may be used. The solvent extract 

is shaken with water that is strongly basic. The acid analytes partition into the aqueous 

layer, whereas, the basic and neutral compounds stay in the organic solvent. The 

base/neutral fraction is concentrated and is ready for further cleanup, if necessary, or 

analysis. The aqueous layer is acidified and extracted with an organic solvent. This extract 

is concentrated and then ready for analysis for the acid analytes. 

7.11.3 Analytical Method 

Method 8270 is a capillary column GC/MS technique used for determining 

acidic, basic, and neutral organic compounds that are soluble in methylene chloride; 

methylene chloride extraction is the basis of Methods 3540 and 3550. Operating parameters 

and interferences are described in Methods 8270, 3540, and 3550 and in the laboratory

specific SOP presented in Appendix A The analysis will include a 20 peak library search 

for tenatively identified compounds (TI Cs), which will include symtrinitrobenzene. 

7.11.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 
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7.11.5 Preventive MaintE!nance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A 

7.11.6 Instrument Calibration and Frequency 

Calibrations will be performed daily using a five point calibration curve and 

checked every 12 hours with a icontinuing calibration check sample. 

7.11.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.11.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.11.9 Data Reduction, Validation, and Documentation 

Data will be reduc1ed, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 
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7.U Polychlorinated Dioxins and Furans - SW 8280 

7.U.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentrations of 

dioxins and furans at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.U.1.1 Sample Preparation 

Soil samples will be prepared and cleaned up as necessary according to 

Method 8280. 

7.12.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentrations of 

polychlorinated dioxins and furans at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.U.2.1 Sample Preparation 

Sludge samples will be prepared and cleaned up, as necessary, according to 

Method 8280. 

7.12.3 Analytical Method 

Method 8280 is used to determine polychlorinated dioxins and furans 

(PCDD/PCDF). Retention time windows are determined for each isomer group. This is 

accomplished by injection of a PCDD /PCDF retention time standard which contains the 

first and last eluter from each isomer group. The isomer group retention time analysis is 

performed once at the beginning of each project and again if retention times shift more than 
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0.2 minutes. Adequate sensitivity is also verified from the retention time standard which 

contains 13C12-2,3,7,8-TCDD at a concentration of 1.0 µg/rnL. 

7.12.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.12.5 Preventive Maintenance 

A preventive maimenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon re:quest. 

7.12.6 Instrument Calibration and Frequency 

Response factors for each PCDD/PCDF isomer class are determined from an 

initial five point calibration at 0.2, 0.5, 1.0, 2.0, and 5.0 µg/mL concentrations. This five

point calibration is performed in triplicate and the average response factors are calculated. 

The response factors determined for each isomer class must not have a percent RSD greater 

than 15 percent. Radian uses a calibration standard containing the following analytes: 

• 2,3,7,8-TCDJF, 

• 1,2,3,7,8-PeCDF, 

• 2,3,4,7,8-PeCDF, 

• l,2,3,4,7,8-Hx:CDF, 

• 1,2,3,6,7,8-Hx:CDF, 

• 2,3,4,6,7,8-HICCDF, 

• 1,2,3,7,8,9-HICCDF, 

• l,2,3,4,6,7,8-HpCDF, 

• l,2,3,4,7,8,9-HpCDF, 
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• OCDF, 

• 2,3,7,8-1'CDD, 

• 1,2,3, 7,8-PeCDD, 

• 1,2,3,4,7,8-IIxCDD, 

• l,2,3,6,7,8-IIxCDD, 

• l,2,3,7,8,9-IIxCDD, 

• l,2,3,4,6,7,8-HpCDD, and 

• OCDD . 

Where more than one isomer per isomer group is present, the average response factor is 

used. 

For quantitation, the following mixture of internal standards is contained in 

the calibration standard solutions. This mixture is also added to each sample before 

extraction: 

• 
• 

13C12-2,3,7,8-1'CDF, 

• 
13C12-l,2,3,7,8-PeCDD, 

• 
13C12-l,2,3,6, 7,8-IIxCDD, 

• 
13C12-l,2,3,4,6,7,8-HpCDD, and 

Each isomer class is quantitated using a C-13 or C13 internal standard from 

that class. 

7.12.7 Internal Quality Control Checks 

A 1'CDD chromatographic test mixture is analyzed daily to verify that there 

is at least 25 percent valley resolution between 2,3,7,8-TCDD and 1,2,3,4-TCDD. 
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The 1.0 µg/mL PCDD/PCDF standard is analyzed at the beginning of each 

working day to verify that the response factors obtained for that day agree to within ± 30 

percent of those obtained from the initial five-point calibration in triplicate. Also, isotope 

ratio for each PCDD/PCDF isomer class are verified to be within ± 15 percent of their 

theoretical values. 

For PCDD/PCDF analyses, the mixture of internal standards also serves as 

the surrogate spikes. Surrogate recoveries are determined relative to 13C12- l,2,3,4-TCDD, 

which is added to each extract prior to analysis. Surrogate response factors are determined 

from analysis of a 13C12-TCDD spiked aliquot of the internal standard/surrogate solution. 

The acceptance criteria are 40 - 120 percent recovery of each PCDD/PCDF spike 

compound. The spike concentration is 25 ng of 13C12-1,2,3,4-TCDD. 

Additional daily QC checks are summarized in Table 7-2. 

7.12.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.12.9 Data Reduction, Validation, and Documentation 

Data will be reduce.d, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs ). 

7.13 Cyanide - SW 90U~ 

7.13.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentration of cyanide 

at the Holloman AFB sewage lagoons listed in Table 5-1. 
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7.13.1.1 Sample Preparation 

Cyanide in soil samples will be released by refluxing the samples with strong 

acid and distillation of hydrocyanic acid into an alkaline scrubbing solution. This scrubbing 

solution is subsequently analyzed for cyanide. 

7.13.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentration of 

cyanide at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.13.2.1 Sample Preparation 

Cyanide in sludge samples will be released by refluxing the samples with strong 

acid and distillation of hydrocyanic acid into an alkaline scrubbing solution. This scrubbing 

solution is subsequently analyzed for cyanide. 

7.13.3 Analytical Method 

Method 9012 is used to determine the concentration of inorganic cyanide in 

an aqueous waste or leachate. The method detects inorganic cyanides that are present as 

either simple soluble salts or complex radicals. The cyanide, as hydrocyanic acid (HCN), 

is released by refluxing the sample with strong acid and distillation of the HCN into an 

absorber-scrubber containing sodium hydroxide solution. The cyanide ion in the absorbing 

solution is then determined by automated UV colorimetry. 

7.13.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 
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7.13.5 Preventive Maintelllance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A 

7.13.6 Instrument Calibr:ation and Frequency 

A daily calibration curve is prepared using a blank and a minimum of five 

standards, with a correlation coefficient greater than 0.995. A high and a low standard are 

distilled and compared with similar values on the curve to ensure that the distillation 

technique is reliable. The distilled standards must agree within ± 15 percent of the 

undistilled standards. 

7.13.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.13.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.13.9 Data Reduction, V:alidation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs ). 
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7.14 Sulfide - SW 9030 

7.14.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentration of sulfide 

at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.14.1.1 Sample Preparation 

Sulfide in soil samples will be released by refluxing with strong acid and 

distillation of the resulting hydrogen sulfide into a scrubbing solution containing zinc acetate. 

The zinc sulfide which forms is separated and the sulfide content determined. 

7.14.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentration of 

sulfide at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.14.2.1 Sample Preparation 

Sulfide in sludge samples will be released by refluxing with strong acid and 

distillation of the resulting hydrogen sulfide into a scrubbing solution containing zinc acetate. 

The zinc sulfide which forms is separated and the sulfide content determined. 

7.14.3 Analytical Method 

Method 9030 is used to determine the concentration of total sulfides in zinc 

sulfide precipitate. Excess iodine is added to a sample which has been treated with zinc 

acetate to produce zinc sulfide. The iodine oxidizes the sulfide to sulfur under acidic 
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conditions. The excess iodine is back-titrated with sodium thiosulfate or phenylarsine oxide. 

7.14.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.14.5 Preventive Mainte·nance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7.14.6 Instrument Calibration and Frequency 

The thiosulfate solution is standardized daily against primary standard 

potassium dichromate. The iodline solution is standardized daily against the standardized 

thiosulfate solution. The iodine solution is considered acceptable if the RPD is less than 

5 percent. 

7.14.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 

7.14.8 Corrective Action 

Corrective actions are presented in Table 7-2. 
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7.14.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 

7.15 Total Or2anic Carbon - SW 9060 

7.15.1 Soil Matrix 

Soil samples will be analyzed to determine the natural concentration of total 

organic carbon at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.15.1.1 Sample Preparation 

Soil samples will be air dried and ground to pass through a 100 mesh sieve. 

An aliquot of the sized sample will be taken and treated with hydrochloric acid to remove 

inorganic carbon. The treated solid will be dried at 105°C, dried, and weighed. 

7.15.2 Sludge Matrix 

Sludge samples will be analyzed to determine the natural concentration of total 

organic carbon at the Holloman AFB sewage lagoons listed in Table 5-1. 

7.15.2.1 Sample Preparation 

Sludge samples will be air dried and ground to pass through a 100 mesh sieve. 

An aliquot of the sized sample will be taken and treated with hydrochloric acid to remove 

inorganic carbon. The treated solid will be dried at 105°C, dried, and weighed. 
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7.15.3 Analytical Method 

Total organic carbon is measured using a carbonaceous analyzer by 

quantitatively converting the organic carbon in a sample to carbon dioxide which is 

measured by differential thermo I conductivity using sequential removal of water and carbon 

dioxide. 

7.15.4 Method-Specific Data Quality Objectives 

Method-specific DQOs are presented in Table 7-2 as "Acceptance Criteria." 

7.15.5 Preventive Maintenance 

A preventive maintenance program will be followed to ensure the availability 

and accuracy of instruments. Records of repairs and adjustments will be maintained and 

available for inspection, upon request. Laboratory SOPs of instrument maintenance 

procedures are presented in Appendix A. 

7.15.6 Instrument Calibration and Frequency 

The instrument used to determine organic carbon is calibrated daily prior to 

use. QCCS samples are analyzed to verify calibration at a frequency of 10 percent of 

samples analyzed; recovery mus1t be within 20 percent of the expected value. 

7.15.7 Internal Quality Control Checks 

Internal QC checks are presented in Table 7-2. 
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7.15.8 Corrective Action 

Corrective actions are presented in Table 7-2. 

7.15.9 Data Reduction, Validation, and Documentation 

Data will be reduced, validated, and reported according to laboratory Standard 

Operating Procedures (SOPs). 
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8.0 CHEMICAL DATA QUALl'IY MANAGEMENT (CDQM) DELIVERABLES 

The following CDQM deliverables will be prepared for this project: 

• Chemical Data Acquisition Plan (this document); 

• Site Safety and Health Plan; 

• A-E Daily Quality Control Reports; 

• A-E Samplling and Quality Control Summary Report; and 

• Site Decision Report. 
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325-AD-001 

320-CH-019 

321-CH-011 

320-DG-003 

321-CH-008 

321-MS-009 

321-SP-008 

321-SP-020 

325-AA-003 

325-IN-001 

321-SP-024 

325-AA-004 

321-MS-010 

320-Mf-001 

325-IN-001 

325-GC-005 

338 

321-SP-013 

321-SP-026 

325-SP-018 

325-SP-039 

325-SP-014 

325-SP-011 

325-SP-034 

325-SP-038 

321-MS-011 

325-AA-005 

325-AA-001 

CROSS-REFERENCE TABLE OF SOPS 

EPA Methods for Chemical Analysis of 
Water and Wastes, 1979, Method 270.2 

EPA Methods for Chemical Analysis of 
Water and Wastes, 1979, Method 239.2 

EPA 200.7 SW846 3rd Method 6010 

EPA Method 8000, SW846, 3rd Ed. 

SW -846 3rd Ed., Method 8280 

EPA Methods for Chemical Analysis of 
Water and Wastes, 1979, Method 279.2 

EPA Methods for Chemical Analysis of 
Water and Wastes, 1979, Method 206.2 

General Training 

Analysis of Chlorinated Herbicides by EPA method SW-846-8150 
(3rd Ed.) 

Analysis of Appendix IX Organophosphorus Pesticides by EPA 
Method SW-846-8140 (3rd Ed.) 

Acid Digestion of Sludges - Method 3050-Digestions 

Analysis of Appendix IX Organochlorine Pesticides and PCBs by 
EPA Method SW-846-8080 (3rd Ed.) 

Analysis of Purgeable Volatile Appendix VIII Compounds Using 
USEPA SW-846 Method 8240 

Operation of the Ultratip Probe Sonication System 

Sonication Extraction by EPA Method SW-846-3550 

Analysis of Selenium by Graphite Furnace 

Equipment Maintenance 

Special Procedure When Preparing Samples for GC/ECD 
Analysis 

Analysis of Lead by Graphite Furnace 

Analysis of Appendix IX Semivolatile Compounds by EPA 
Method SW-846-8270 

Inductance Coupled Plasma Emission Spectroscopy 

Equipment Maintenance 

Documentation and Data Review 

Determination of Organic Lead Compounds by Flame Atomic 
Absorption Spectrometry 

Soxhlet Extraction by EPA Method SW-846-3540, 3rd Ed. 

Method 8280 for Analysis of Dioxins and Furans 

Sample Preparation for Chlorinated Herbicides in Sludge or 
Solid Matrices 

Sulfur Oeanup by SW-846, Method 3660 

Alumina Column Cleanup- Method SW-846-3611, 3rd Ed. 

Acid-Base Cleanup Extraction- EPA Method SW-846-3650, 3rd 
Ed. 

Silica Gel Cleanup for Analysis of PNA's 

Florisil Column Cleanup 

GC/MS PCDD/PCDF Analysis 

Analysis of Thallium by Graphite Furnace 

Analysis of Arsenic by Graphite Furnace 
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1.0 INTRODUCTION 

This Standard Operating Procedure addresses training within the Analytical 

Chemistry Department of Radian Corporation. To simplify the process of 

training. we hire capable people with sane preliminary education and training. 

However. any laboratory staff member must be taught the important aspects of a 

new task and the techniques needed to obtain results which conform to the 

Radian Quality Specifications (form attached). Standard Operating Procedures 

for specific laboratory procedures are essential in the performance of analyt

ical work which will meet these Quality Specifications. The combination of 

the use of the correct Standard Operating Procedures and documented training 

in the Analytical Chemistry Department ensure that all staff analysts will 

deliver quality analytical work. 

2.0 PURPOSE 

The purpose of this Standard Operating Procedure is to orient employees in 

specific aspects of training. In addition. this Standard Operating Procedure 

defines the selection and documentation procedures for training. and the use 

of Standard Operating Procedures. the Detailed Project Work Plan form and the 

Corrective Action Report form. Special requirements for Safety and Quality 

Assurance/Quality Control are also defined. 
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is obtained from the Document Control Officer, make the revisions 

and route the revised Standard Operating Procedure for review and 

signatures. 

New Standard Operating Procedures should be written as needed, 

reviewed, and routed for signatures. See SOP 320-AD-Q01 for SOP 

procedures. 

The "Corrective Action Report" (CAR) form (attached) is for 

communication and documentation on situations requiring action. 

The form allows documentation of the situation and subsequent 

action. The originator fills out Part 1 and distributes the 

copies. The reply/resolution is completed by the .Lechnical 

Director. 

4.0 QUALITY ASSURANCE/QUALITY CONI'ROL (QA/ AC) 

4.1 

4.2 

4.3 

Each laboratory has a Standard Operating Procedure for QA/QC 

criteria and procedures. The QA/QC results are used to evaluate 

how the process went, usually by tests of precision and accuracy. 

Goals for precision and accuracy are often set based on previous 

experience of the laboratory, the EPA CLP experience, or the 

Quality Assurance Project Plan for the program. The supporting 

the QA/QC data and documentation ensure that the analytical data 

are of known quality. 

Control charts are used to monitor instrument and/or method 

performance. If the value plotted (usually response), fails to 

meet the QC requirements, corrective action is required before 

proceeding with analyses. Indicate actions or changes on the 

chart and/or in a notebook. The existence of a control chart 

provides documentation that the instrument operated correctly on 

the day a given measurement was made and/or that documented 

problems were1 addressed • 
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PftEFACE 

A ··Radian Quality Project"· is defined as one 
which conforms to the Specifications set forth in this 
document. The document was developed by a 
repre,;encauvc group ot sentor operattons. techntcal. 
and G&A ~carl members. lmually. the group was asked 
tf a quahtv spectiicatton for a generic Radian proJeCt 
couid be .,.,,.t':en ... ~bout half the group felt 1t was poss1· 
bie; the other half was not optlmtstlc. After tts develop· 
ment. howe,-er. the group was unammously suppomve 
and enthusiaStiC about the spec1ficat1on. 

Ten quaiity spectiicauons are mcluded: t-.!."0 pro· 
ce<iural specs. seven project specs. and one develop· 
mental spec. Each ~pec1ficauon can be met only 1f each 
subspecll'icanon accompanymg ;t ts met. Gu1delines 
are not mandator.•. but expenence has shown that 
toilowmg the guidelines facilitates meeting spec. 

A "Radtan Qualit~· ProJeCt .. meetS all ten 
spectncations. lt can leg1timately be argued that a pro]· 
ect of satisfactory quality could be achieved without 
meeting all of the specs. particularly the procedural 
and developmental ones. The group believes 
adherence to these specs mcreases the probability of 
a successful project so greatly. hO"We'-er. that they merit 
mclusion as hard specs. 

The proJect team. subJect to supervisory review. 
determmes whether a compieted project meets spec. 
The specification is. of course. re\'lewed regularly by 
proJect team members dur:ng the execution of the 
project to msure that 1t is bemg met. :\t proJect con· 
elusion. pnor to wrap· up. the Program Manager ( PMI 
and Project Director 1 POl JOtntl\" mark the reporung 
blocks in this spec. The proJect team then reviews 
thetr assessment dunng the \V!'llp·up meeting and any 
differences are discussed and reconciled. If it is 

ultimately determined that all reportmg blocks can be 
marked ··yes:· the project meets spec. The completed 
QualitY Spec1ficauon' Report ts then routed to the PO's 
Oivts1on ~anager ior mclus1on m the Oiv1s1on ~tan
ager's ~otebook. Copies should be sent to ~he P\1's 
SectiOn ~tanager and to the Otvtston :\tanagers of 
other proJect participants. Audtts of com pieced Quahtv 
SpecificatiOn' Reports wtll be conducted by Otvtsto~ 
:\tanagers and Operauons Staff Secuon :\tanagers. 

The spec calls ior peer revtew of the proJect at 
se\·eral potnts dunng its execution. The peer 
revtewertsl should be a techmcally qualified staff 
member not worl(lng on the proJect. The revte-.!.-ens1 
should be selected prior to proJect k1ckoff and his' her 
revtew time budgeted into the projeCt. Any questtons 
concemmg the review process should be addressed by 
the PO's Oivis1on ~anager. 

:\t first ilance it may look as if adherence to this 
specification will increase the cost of the project. The 
specification development 1roup is convtnced. 
however. that careful adherence to the spec will. on the 
average. reduce proJeCt execution costs. The spec is 
also designed so that it may be applied effectiwly aDd 
efficiently to projects ra!\lini from the very SmalliD 
the very larie- Finally. quality control repoftina has 
been made very sunple so that it requires very little 
time. 

Quality work is absolutely essential to Radian's 
contmuini success. In order to maintain our reputa· 
tion and asaure our future arowth and profitability. we 
must consistently produce hiih qualitY produCtS. This 
wtll occur if every Radian PM. PD. and Task Leader 
( TLl uses the spec as it was intended. i.e .• as a gwde 
m planning, controlling, and wrapptng up proJects. 

HOW 1U USE THIS QUALITY SPECIFICATION 

This spec will be applied to all projects. 1arte and small. (The Project Instructions for a very small project. of 
coune. may be contamed on a single paj~e.) The spec may be met by following the steps listed below. 

1. The PM and PO commit to meeting the spec i. The PM and PO execute the Project Kickoff 
before the project is bid. Report in Attachment 0. 

2. The PM and PO carefully read the spec prior to 8. At major milestones (desigrulted in the Project 
proposal preparation. InstruC!ionsl. the PM and PO review project 

3. The P\t and PO bid the project in such a prolfe5S ap!nst the quality spec and take any 
manner that the spec can be met. corrective measures necessary to ensure that the 

spec is beini met. 
-+. The PM and PO execute the Proposal Checklist 

Report tn Attachment 0 to the spec at the time 9. At conclusion of the project. the Project QualitY 
the proposal is prepared. Specification' Report is filled out. reviewed. and 

5. The PM and PO reread the spec prior to project 
tnitiation. 

6. The PM and PO develop Project Instructions 
which Wlll produce a project which meets the spec. 

2 

distributed in accordance Wlth the instructions 
contained in the Preface above. The project IS 

judied to have met the quality specificaoon if all 
specifications and all subspecifications accom· 
panying them are met. 
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B. PROJECT SPECIFICATIONS 

1. ... tlllllflilct ,.\j ... liwi IMt? 

a. Were the objectives clearly stated 
and documented in the ProJeCt 
Instructions at the onset of the 
proJect? 

b. Did peer and client review of the 
objectives at the onset of the project 
find that the objectives addressed the 
client's needs in solvmg h1S1her 
problems? 

c. If chan,es were made in the project 
objectives during the execuuon of the 
project. were those changes docu· 
mented in wnnng and did both 
Radian and the client agree to such 
changes at that time? 

d. Did peer and client review find that 
the product met the objecuves? 

e. Were all contract deliverables 
(interim and final) provided? 

Z.W.tlllw.ti ........ IDIIIIP. 

a. Was a detailed work plan developed 
and was peer review posmve after 
incorporation of reviewer comments? 

b. Was the need for a specific. written 
Quality Assurance Project Plan 
!QAPPl evaluated by the PMIPD and. 
if required. was the resulting QAPP 
approved by the QA Officer/Designee? 

c. Were appropriate teChnical milestones 
provided in the Project Instructions? 

d. Was proper peer review conducted 
and appropriate corrective action 
taken at each milestone? 

e. Did peer review find tbat all 
appropriate data and associated data 
quality measures were developed and 
addressed in the findings? 

f. Did peer review find tbat conclusions 
were complete and supported by the 
findings? 

g. Was the QAPP. if required. correctly 
and completely implemented? 

h. Was final peer review positive? 
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a. Did the client say he/she was pleased 
with the work when asked? 

b. Did the client say he/she was pleased 
with the report when asked? 

c. Was the client pleased with our 
responsiveness. adherence to 
schedule. and the timeliness of our 
services? 

d. Did the work put us in a favorable 
position to obtain follow-on? 

e. If the client commented to others 
about the program. were the com· 
ments positive? 

f. If applicable. W"ere award fee results 
high? 

.................... 
.. ....__... ... _? 

a. If the project inwlved field 
operations. was a safety plan 
prepared and approved? If field 
operations were not involved. did the 
PMIPD evaluate the need for a 
project-specific safety plan prior to 
the initiation of work? 

b. If a project-specific safety plan was 
required for an activity, was peer 
review pos1tive after incorporation of 
~eW"ercomments? 

c. Were all Radian team members 
properly trained in the procedures 
outlined in the &diml Httdtlt a111i 
Slzjtty Maxwzi and in project-specific 
safety procedures (including client· 
dictated practices) prior to the initia· 
tion of work? 

d. Did all Radian penonnel comply with 
applicable safety procedures during 
performance of the work? 

e. Were all affected Radian personnel 
satisfied with the level of safety pro
cedures used on the project or. if not. 
W"ere the safety procedures used 
found to be adequate after a review 
by senior technical staff 
management? 

I PAGE: 
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AnACHMENTS TO PROJECT QUAliTY SPECIFICATION/REPORT 

AnACHMENT A 
PROJECT INSTRUCTIONS OUTLINE 

A set of Project Instructions must be issued by the 
PWPD ream beiore execunon begms on any Radian proJ· 
ect. The Project Instructions should contam at least the 
iniormanon descnbed below. Any additional secttons may 
be included at the discretion oi the P!\1/PD ream. A copy 
of sections 1 and 2 will be forwarded to the ~arketing 
Support Office (Room 4·233. Austin). 

1.0 IDE~TIFYI~G DATA-Radian proJect number. 
project title. client. client's contract number. 
contract type. effective dare. and duranon. 

2.0 PROJECT St"M~ARY-A brief (half·pagel 
descripuon of the work to be performed. 

3.0 SCOPE-The scope of work in task statement 
form. 

4.0 PERSONNEL-All pemmnel who will be 
involved wtth the project. both technical and 
contractual. for both the sponsor and Radian. 
Peer reviewers and their responsibilities. 

5.0 PROJECT ORGA..'IJIZATION -The project 
organization formed by Radian to execute the 
project. The project organwmon chart. The 
Radian secretary in charge of the project. 

6.0 Bt"DGETS-Budgerary responsibilities of each 
individual in the project organization. Labor. 
materials. and supplies budgets. Time·phased 
labor expenditures for each team member. 

7.0 SCHEDt"LE-The project schedule. The 
individual responsible for each rrulestone. 

8.0 CONFIDE~TIALITY-All confidentiality 
considerations clearly defined. 

9.0 SAFETY-All safety considerations dearly 
defined. 

10.0 REPORTS-All required reports listed. any 
speoal formats cited. and the spec~fic 1nd1v1dual 
responsible for editing, approving, and getting 
each report out on time des11P13ted. 

ll.O CORRESPONDENCE- Distribution instruct1ons 
and mailing addresses for each type of corre· 
spondence goUli both to the client and to 
Radian. 

12.0 PROJECT FILE-The location of the master 
proJect file. any pertinent fonnat data. and the 
individual responsible for maintaining the file. 

13.0 DETAILED WORK PLAN-The technical plan 
prepared by PM. PO and TLs. This must 
describe the technical aspeccs of implementing 
the work in adequate detail to allow the peer 
reviewers to fully aitique the planned aPllf'O&ch. 
methods. and experimental designs including 
the Qualley A.Siunnce Project Plan (QAPP>. 
This objective may be achieved by a single docu· 
ment or a combination of individual test plans. 
saiecy plans. QAPPs. oral presentations or other 
proJect planning matenals. 

14.0 St:BCONTRACTOR ~IA."'IJAGEMENT-Project 
Instructions for any subcontractors/consultants/ 
external laboratones. 

AnACHMENT 8 

6 

REPOIII' PRESENTATION GUIDB.INES 
l. Did the report properly and fairly document the 

project. its findinp, conclusions. and 
recommendations? 

2. Did the report receive a thorough technical 
review? 

3. Did the report comply with the Radian (or a 
client-specified) format as outlined in the R/JdilzJC 
Styli ll1lli Fomt~Jt GMiM: THE WRITE STUFF? 

4. Was the report ~u written. i.e .. clear. concise. 
~u orpnized. and. mtemally cons1stent m 
presentation? 

5. Did the report receive a thorough editorial review? 

6. Were all typoS and grammatical errors identified 
and corrected? 

7. Was one typeface used throughout the report? 

8. Were appropriate credits and/or references given 
throughout the report? 

9. Were all abbreviations and/or acronyms defined 
in the report? 

10. Did all draft reports pouess a ftnal report 
quality when presented to the client? 

--·--------------------------------------------------------------------~ 
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D1smbut1on: 
P\1 Sectlon ~lgr 
PO Div ~tgr 

PO Group Ldr 
PO Dept. Hd 

AnACHMENT D 
PROPOSAL CHECKLIST I PROJECT KICKOFF REPORT 

PROPOSAl CHECKLJSf REPORT 
Radian Proposal ::-:a. ____ · ___ _ Radian ProJeCt ~o. __ --· __ 

ProposaL ProJeCt Title ------------------------------
Bid Price------

l. What IS our best estimate oi the cost to do this 6. How w1ll agreement on budget modifications 
job? Has this estimate tncluded contlngenctes? resulting irom changes 1n scope be reached? 

2. Did we btd this price? I. Have any additional capital assets required to 

3. If no. and we bid lower. why and what funds w1ll execute this project been approved and 

make up the difference? budgeted? 

4. If legitimate technical problems require more 8. Do the PM and PO understand that if costs to 
funds than allocated to the JOb. how will we execute this project exceed allocated funds and 
secure additional funds or reduce the pro)ect tf the contingency plan (or an alternate contm· 
scope? gency planl does not provide additional funding 

or scope reduction to bring project within 
5. At what point will the client be made aware of budget. then the project is ovemm and does not 

ttus contmgency plan? meet the project speafication? 

PM PO 
(Datel (Date) 

PROJECT KICKOff REPORT 

Radian Project ~a./Title-----------------------------
Budget-------- Start Date--------- Completion Date---------PM ___________________________ _ PO ___________________________ _ 

PeerReviewers ----------------------------------
Project SecretarY ---------------------------------PnMdl----·-* 

l. Project Instructions Prepared? Peer Review Positive?---------

Copies of Sections 1.0 and 2.0 sent to Marketing Support Office? ---------------

2. Quality Assurance Plan Needed? Prepared? ----------

Peer Review Positive? ---------
3. Safety Plan Needed? Prepared? 

Peer Review Positive? ---------
4. Masterfile Input Forms Submitted? --------

Invoicing Instructions Submitted? ---------

5. Budget Review Checklist Reviewed? --------
Budget Commitment (see Item 8 above): 

PM--------------- PO---------------
mate) (0atel 

Peer Reviewers--------------
!Date) (0atel 
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RECORD OF ANALTI'ICAI. METHOD/SYSTEM TRAINING FOR --------- AREA 

Name: Analytical Method/System: ________________ __ 

Pertinent ~ocumentaticn (Radian Standard Operating Procedures. Published 

Methods): 

Equipment or ~nstrument :nvolved: 

Details of !raining: (If not pertinent indicate with NA) 

INITIALS 

A. Studied pertinent documents. 

B. Performed task with trainer. 

c. Performed task or method in

dependently with review by 

trainer (using check sample 

if appropriate. attach reaults) 

D. Performed basic maintenance 

with trainer. 

E. Performed baaic maintenance 

independently with review 

by trainer. 

Analyst Trainer 

Lab Manager !raining Record Review (initials. date}: 

I PAGE: 
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QC Requirements (minimum listed, check for minimum- charge for more): 

System Blanks( 10%) ___ Reagent Blanks( 10%) ___ Recovery Check( 10%) __ _ 

Duplicate Analyses(l0%) ____ Linearicy Chec:k(4pcs) ____ LLD __ LLQ__ 

Matrix Spike(S%) Internal Standard(s): _________________________ __ 

Surrogate(s): Other: ________________________ __ 

Safety Precautions: 

Routine: ___________________________________________________________ __ 

Other: ____________________________________________________________ __ 

Potential Problems: __________________________________________________ __ 

Budget (people, hours, ODCa & charge numbers): __________________________ __ 

Prepared by: _______________________________________________________ ___ 

Approval: PD or n __________________ __ Dace ____________________ ___ 
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Part II Reply I Resolution (Furnished by Technical Director) 

Proposed by: Date: CAR If: 

Description: Scheduled Implementation: 

Part Ill Implemented Correction Action (by: 

Description: Date Implemented: 

Part IV Follow-Up Required: Yes o No 0 (by: 

Verified by: Date: Comments: 
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Date: 

Requires resolution for immediate job 

Requires resolution for future jobs 

To Lab Manager Responsible for Action:----------------------

Site I Lab: Type: OCUmit C Documentation C System 0 Other 0 

Date I Time Identified: 

Description of Situation: (attach supporting data if available) 

llecl •• lllllll Clnlc:tlft ActiOII or ....... IIIII: 

Description: Implemented by: 
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TITLE: 

ANALYSIS OF CHLORINATED HERBICIDES 
BY EPA METHOD SW-846-8150 (3rd Ed.) 

REVISION NO: 

1 
SUPERSEDES: 

321-CH-009 
RJ:FERENCES: 321-SP-001, 321-SP-004, 321-SP-018, 321-SP-019, 

321-CH-001, 321-CH-003, 321-CH-004 
SJnELLITE FILES: 

1-169 
RJ:ASON FOR REVISION: 

Updated SOP 

1.0 PURPOSE 

1.1 To provide a procedural guide for the application of EPA SW-846-8150 
(see Appendix I) to the analysis of chlorinated herbicides in 
hazardous wastes. 

1.2 To describe modifications to Method 8150 necessary to optimize 
performance for the analytical instrumentation in the Radian 
Analytical Chemistry Laboratories. 

2.0 SCOPE AND APPLICABILITY 

2.1 Chlorinated herbicides may be analyzed in water, soil, or sludge 
matrices with analytical sensitivity in the low ppb range. 
Appendix II of this SOP provides a table of target species and method 
detection limits (MDL). 

3.0 METHOD SUMMARY 

4.0 

3.1 SW-846-8150 describes gas chromatographic conditions and calibration 
criteria for the analysis of various chlorinated herbicides. The 
sample is extracted as described in SOP 321-SP-019. After the 
methylene chloride extraction, the extract is esterified with 
diazomethane. An aliquot is injected into the gas chromatograph 
equipped with an electron capture detector. 

INTERFERENCES 

4.1 Matrix interferences can be caused by the co-extraction of 
contaminants originating either in the sample or in the extraction 
process itself. Reagent water method blanks should be run to insure 
that glassware and reagents used in sample processing are 
interference-free. The nature and extent of interferences 
co-extracted from the samples will vary considerably from source to 
source. Organic acid, especially chlorinated acids, and phenols may 
cause interference with the determination. 
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Stock Preparation 

Original Volume 
Cone. Spike (uL) 

Compound ug/mL in 1 mL MeOH 

2,4-D 5000 200 
Silvex 5000 200 
2,4,5-T (Silvex) 5000 200 
Dinoseb 5000 200 
Dicamba 5000 200 
2,4-DB 5000 200 
Dalapon 5000 200 
Dicbloroprop 5000 200 
MCPP Neat 200 mg/10 mL 
MCPA Neat 200 mg/10 mL 

Working Standard Preparation 

STANDARD 
OPERATING 
PROCEDURE 

I PAGE: 
3 of 48 

Final 
Cone.* 

1000 ug/mL 
1000 ug/mL 
1000 ug/mL 
1000 ug/mL 
1000 ug/mL 
1000 ug/mL 
1000 ug/mL 
1000 ug/mL 
20,000 ug/mL 
20.000 ug/mL 

Use stock solution (1000 ug/mL) concentration for Standard H 1 
and #2; dilute stock solution (1000 ug/mL) 1/10 = 100 ug/mL 
for Standard #3, 4. and 5: 

Dilution of 
compounds 1-8 
(Resulting Cone.) 

Ill 

1.0 

uL of Stock Solution 
Der. in 10 mL 10 uL 

*Dilute 1/10 = 100 ng/uL 

Ill 
Dilution of 
compounds 9-10 
(Resulting Cone.) 200 

112 #3 

0.5 0.25 

5uL 25 uL* 

for Standard II 3. 

112 113 

160 80 

uL of Stock Sol. (20,000 ug/mL) 
Der. in 10 mL 100 uL 80 uL 40 uL 

Quality Control Check Standard Preparation 

114 us 

0.10 0.05 ug/mL 

10 uL* 5 uL* 

4, and 5 

114 115 

40 20 ug/mL 

20 uL 10 uL 

Prepare standard from EPA QC standard or standard from second 
source using a concentration high enough so only a few uL can 
be used to get desired concentration in 10 mL. If the solvent 
is not MeOH or hexane. evaporate to dryness before 
methylating. (Desired concentration is 250 pg/uL for all but 
MCPP and MCPA, which should be approximately 80,000 pg/uL or 
80 ug/mL.) 
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Alternate temperature programs may be used if all analytes can 
be separated and quantitated. 

7.3.3 Instrument Parameters C 

Column: 6' x 2mm, 1.5% OV-1 
Inlet Temperature: 220°C 
Detector Temperature: 320°C 
Carrier Gas: 5% methane/95% 
Makeup Gas: none 
Oven Temperature: Initial 

Ramp 1 

Ramp2 
Injection Volume: 2 uL 

7.3.4 Instrument Parameters D 

+ 1.5 OV-225 on Gas Chrom-Q 

argon @ 30 mL/min 

50°C for 1 minute 
10°C/minute to 185°C 
hold @ 185°C for 5 min 
20°C/minute to 200°C 

Column: DB-5. 30m x 0.53 mm (J & W Scientific) 
Inlet Temperature: 210° 
Detector Temperature: 300 
Carrier Gas: Helium @ 15mL/min 
Makeup Gas: 5% methane/95% argon @ 15mL/min. 
Oven Temperature: 180° Isothermal 
Injection Volume: 2 mL 

7.3.4 Instrument Parameters E 

Column: DB-608, 30m X 0.53mm (J&W Scientific) 
Inlet Temperature: 210°C 
Detector Temperature: 300°C 
Carrier Gas: Helium@ 15mL/minute 
Makeup Gas: 5% methane/95% Argon @ 15mL/minute 
Oven Temperature: 180°C Isothermal 
Injection volume: 2mL 
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8.4 Concentration Factor 

8.5 

MDLs quoted on SAM• are for a water matrix and assume a 1L sample 
size taken to a 10 mL final volume. A concentration factor (CF) 
needs to be calculated for entry into SAM so that the MDLs will be 
adjusted for sample sizes other than 1L. dilution in the lab. and 
dilution effects due to sample cleanup techniques. and matrix. if 
different from water. 

CF Water = [Ideal Volume One (L)] [DF] 
Actual Volume (L) 

CF Soil = [deal lleight One (kg)] [DF] 
Dry Weight (kg) 

Dilution Factor 

The dilution factor (DF) takes into account the analytical lab 
dilution. extraction dilution. and sample cleanup dilution. 

DF = [GC dilution] [Extraction dilution] [Cleanup dilution] 

8.6 Example Calculations for CF and DF 

8.6.1 Case 1: Water sample. Sample prep extracts an aqueous sample 
of 900 mL. The extract is evaporated to dryness. Then 
extract is redissolved in hexane. methylated. and brought to a 
final volume of 10 mL. It requires a 1/10 dilution for GC 
analysis: 

8.6.2 

DF = [10] Go mL] = 
~0 mLJ 

CF = [ lL ] [10] = 
~-90 

10 

11 

If the method quoted MDL for silvex is 0.15 ug/L. the actual 
DL for this sample would be 1.6 ug/L. 

Case 2: Soil Sample • 
a moisture content of 
dryness. Then extract 
and brought to a final 
a 1/20 dilution: 

Sample prep extracts 1 gm of soil with 
10%. The extract is evaporated to 
is redissolved in hexane. methylated. 
volume of 10 mL. GC analysis requires 

DF = [20) ~0 mLJ = 20 
10 mL 

- ~ lL j CF [20] = 22.222 
(0.001kg) (.90) 

If the method quoted MDL for silvex is 0.15 ug/L. the actual 
DL would be 3300 ug/kg • 
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calibration standards (preferably 100 pg/uL). If the response for 
any analyte varies from the original response by more than ±15%. tl1is 
may indicate that the calibration sample has changed or that 
maintenance of tha analytical equipment is required. A freshly 
prepared calibration sample should be analyzed. If the sample fails 
the calibration criteria. then the following items should be done: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

Replace septum every 75 injections or sooner. 
Clean or replace the inlet splitter. 
Clean or remove the front portion of the column. 
CheCk the autosampler for carryover or non-reproducibility. 
Bake-out the column and detectors. 
Solvent rinse the capillary column. 
Clean or replace the ECD. 

If the problem involves poor peak resolution. peak tailing. non
symmetrical peaks. and none of the above maintenance items solves the 
problem. then change the column. The useful lifetime of the column 
depends on factors such as. number of samples analyzed. purity of 
carrier gas. contamination level of samples and frequency of routine 
maintenance. Every time a column is replaced a 72-hour retention 
time study is performed (see Section 9.4) and a new five-point 
calibration curve must be run. 

9.3 Analytical Sequence 

The following is a typical work day sequence of standards and samples 
after the five-point calibration has been achieved: 

1. System blank (solvent only) 
2. Calibration check 
3. Reagent blank 
4. 10 samples 
5. Sample duplicate 
6. Calibration check 
7. Repeat 4 through 6 

9.4 Retention Time Windows 

9.4.1 72-Hour Retention Time Study 

Each column used for Method 8150 must undergo a 72-hour 
retention time study with the results archived in the lab for 
the lifetime of the column. Details for performing the study 
appear in SW-846 Method 8000 Section 7.5. Retention time 
windows which exceed 1.5% for capillary columns indicate a 
problem. Corrective action should be taken which may include: 
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result for the unspiked sample may not be reported for regulatory 
compliance purposes. 

9.8 Method Blanks and System Blanks 

9.8.1 A method blank is performed with each extraction batch and is 
carried through the entire sequence. An out-of-control blank 
is defined as one which contains target analytes at or above 
the method MDL or non-target analytes at a level that would 
require further dilution (i.e •• effective elevation in sample 
MDLs) to bring the analysis on scale. The out-of-control 
blank is documented via the Radian Malfunction Form or 
Corrective Action Report shown in Appendix VII. The results 
for the samples should be reported without performing any 
means of background subtraction. Presence of the target 
analyte in a blank is documented with a B flag in the results 
field and should be documented in the comments section of SAM. 

9.8.2 System blanks are internal lab discretionary checks and are 
not reported routinely on SAM • 

DOCUMENTATION 

10.1 Labeling of Chromatograms 

In order to provide analytical traceability. chromatograms should be 
labeled with the following items of information. Labs equipped with 
data systems can program the information into the report header. 
Laboratories with integrators will need to manually label each 
chromatogram. In this case. predesigned stamps have proven useful. 

SAM Number 
Standard IDIJ 
Instrument Number 
Analysis Date 
Analysis Time 
Unique File Number (Run Number) 
Analyst Initials 
Dilution Used 
Injection Volume 

10.2 Notebook Documentation 

10.2.1 All manual sample calculations should be documented in a 
Radian bound notebook. Pages should be numbered sequentially 
~nd contain the following information: 

SAM Number and Fraction Number 
Unique File Number 
Standard Number - if any 
Analysis Date and Time (if not incorporated in the 

unique file number) 
Instrument Number (if not incorporated in the unique 

file number) 
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Only positively confirmed results above the MDL are routinely 
reported in the Radian Analytical Labs. The C (confirmed) flag will 
appear in the SAM field to document the confirmation status of the 
result when second column confirmation was required by the client. 
In those cases where a confirmation was not performed at the client 
or project request. the V (second column not requested) flag should 
appear in the result field. Results which underwent a second column 
analysis but were not confirmed can be reported on a project 
requested basis. The X (false positive) flag is used in these cases. 

11.3 Confirmed results below the MDL can be reported on a project 
requested basis. In these cases. the result is flagged with an E 
(estimated) flag on SAM to indicate the non-quantitative nature of 
below MDL reporting. 

Unconfirmed results below the MDL should not be reported. 

Appendices 

Appendix I. 
Appendix II. 
Appendix III. 
Appendix IV. 
Appendix V. 
Appendix VI. 
Appendix VII. 
Appendix VIII. 
Appendix IX. 

EPA Method SW-846-8150 (See following 20 pages) 
Method 8150 MDLs 
Site-Specific Instrumentation Information for Radian Labs 
Relative Elution Orders for Each Set of Instrument Parameters 
Summary of Method 8150 Quality Control 
Example of QC Control Chart for Surrogate Recovery 
Radian Malfunction Form and Corrective Action Report 
Appendix B to Part 136. 49 Federal Register 43430. Oct. 26. 1984 
Derivitization Procedure (Austin) 
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Page 15 of 48 

1.1 Method 8150 is a gas chromatographic (GC) method for determining 
certain chlorinated acid herbicides. Table 1 indicates compounds that may be 
determined by this method and lists the method detection limit for each 
compound in reagent water. Table 2 lists the practical quantitation limit 
(PQL) for other matrices. 

1.2 When Method 8150 is used to analyze unfamiliar samples, compound 
identifications should be supported by at least one additional qualitative 
technique. This method describes analytical conditions for a second gas 
chromatographic column that can be used to confirm measurements made with the 
primary column. Section 8.4 provides gas chromatograph/mass spectrometer 
(GC/MS) criteria appropriate for the qualitative confirmation of compound 
identifications. 

1.3 Only experienced analysts should be allowed to work with 
diazomethane due to the potential hazards associated with its use (the 
compound is explosive and carcinogenic). 

2.0 SUMMARY OF METHOD 

2.1 Method 8150 provides extraction, esterification, and gas chroma
tographic conditions for the analysis of chlorinated acid herbicides. Spiked 
samples are used to verify the applicability of the chosen extraction 
technique to each new sample type. The esters are hydrolyzed with potassium 
hydroxide, and extraneous organic material is removed by a solvent wash. 
After acidification, the acids are extracted with solvent and converted to 
their methyl esters using diazomethane as the derivatizing agent. After 
excess reagent is removed, the esters are determined by gas chromatography 
employing an electron capture detector, microcoulometric detector, or 
electrolytic conductivity detector (Goerlitz and Lamar, 1967). The results 
are reported as the acid equivalents. 

2.2 The sensitivity of Method 8150 usually depends on the level of 
interferences rather than on instrumental limitations. 

3.0 INTERFERENCES 

3.1 Refer to Method 8000. 

3.2 Organic acids, especially chlorinated acids, cause the most direct 
interference with the determination. Phenols, including chlorophenols, may 
also interfere with this procedure. 

8150 - 1 
Revision 0 
Date Sept-em~b-e~r-1~9=8~6 
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3.3 Alkaline hydrolysis and subsequent extraction of the basic solution 
remove many chlorinated hydrocarbons and phthalate esters that might otherwise 
interfere with the electron capture analysis. 

3.4 The herbicides, being strong organic acids, react readily with 
alkaline substances and may be lost during analysis. Therefore, glassware and 
glass wool must be acid-rinsed, and sodium sulfate must be acidified with 
sulfuric acid prior to use to avoid this possibility. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: Analytical system complete with gas chroma-
tograph suitable for on-column injections and all required accessories, 
including detectors, column supplies, recorder, gases, and syringes. A data 
system for measuring peak areas and/or peak heights is recommended. 

4.1.1 Co 1 wans: 

4.1.1.1 Column 1a and lb: 1.8-m x 4-mm I.D. glass, packed 
with 1.51 SP-2250/1.951 SP-2401 on Supelcoport (100/120 mesh) or 
equivalent. 

4.1.1.2 Column 2: 1.8-m x 4-mm I.D. glass, packed with 51 OV-
210 on Gas Chrom Q (100/120 mesh) or equivalent. 

4.1.1.3 Column 3: 1.98-m x 2-mm I.D. glass, packed with 0.11 
SP-1000 on 80/100 mesh Carbopack C or equivalent. 

4.1.2 Detector: Electron capture (ECD). 

4.2 Erlenmeyer flasks: 250- and 500-ml Pyrex, with 24/40 ground-glass 
joint • 

4.3 Beaker: 500-mL. 

4.4 Diazomethane generator: Refer to Section 7.3 to determine which 
method of diazomethane generation should be used for a particular application. 

cap. 

4.4.1 Diazald kit: recommended for the generation of diazomethane 
using the procedure given in Section 7.3.2 (Aldrich Chemical Co., Cat. 
No. 210,025-2 or equivalent). 

4.4.2 Assemble from two 20 x 150-mm test tubes, two Neoprene rubber 
stoppers, and a source of nitrogen. Use Neoprene rubber stoppers with 
holes drilled in them to accommodate glass delivery tubes. The exit tube 
must be drawn to a point to bubble diazomethane through the sample 
extract. The generator assembly is shown in Figure 1. The procedure for 
use of this type of generator is given in Section 7.3.3. 

4.5 Vials: Amber glass, 10- to 15-ml capacity with Teflon-lined screw 

8150 - 3 
Revision 0 
Date Sept-em~b-e-r~1~9~8~6 
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4.6 Separatory funnel: 2-L, 125-ml, and 60-ml. 

4.7 OrTing column: 400-mm x 20-mm I.O. Pyrex chromatographic column 
with Pyrex g ass wool at bottom and a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain the 
adsorbent. Prewash the glass wool pad with 50 ml of acetone followed by 
50 ml of elution solvent prior to packing the column with adsorbent. 

4.8 Kuderna-Danish (K-0) apparatus: 

4.8.1 Concentrator tube: 10-ml, graduated (Kontes K-570050-1025 or 
equivalent). Ground-glass stopper is used to prevent evaporation of 
extracts 

4.8.2 Evaporat1on flask: 500-ml (Kontes K-570001-500 or 
equivalent). Attach to concentrator tube with springs. 

4.8.3 Snyder column: 
equivalent). 

Three-ball macro (Kontes K-503000-0121 or 

4.8.4 Snyder 
equivalent). 

col Will: Two-ball micro (Kontes K-569001-0219 or 

4.9 Boiling chiTs: 
carbide or equivalent • 

Solvent extracted, approximately 10/40 mesh (silicon 

4.10 Water bath: Heated, with concentric ring cover, capable of 
temperature control (!s•c). The bath should be used in a hood. 

4.11 Microsyringe: 10-ul. 

4.12 Wrist shaker: Burrell Model 75 or equivalent. 

4.13 Glass wool: Pyrex, acid washed. 

4.14 Balance: 
nearest 0.0001 g. 

Analyt1cal, capable of accurately weighting to the 

4.15 Syringe: 5-ml. 

4.16 Glass rod. 

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 limit of each parameter of 
interest. 

8150 - 5 
Revision 0 
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volumes can be used at the convenience of the analyst. If compound 
purity is certified at 96% or greater, the weight can be used without 
correction to calculate the concentration of the stock standard. 
Commerically prepared stock standards can be used at any concentration if 
they are certified by the manufacturer or by an independent source • 

5.10.2 Transfer the stock standard solutions into Teflon-sealed 
screw-cap bottles. Store at 4•c and protect from light. Stock standard 
solutions should be checked frequently for signs of degradation or 
evaporation, especially just prior to preparing calibration standards 
from them. 

5.10.3 Stock standard solutions must be replaced after 1 year, or 
sooner if comparison with check standards indicates a problem. 

5.11 Calibration standards: Calibration standards . at a minimum of five 
concentration levels for each parameter of interest should be prepared through 
dilution of the stock standards with diethyl ether. One of the concentration 
levels should be at a concentration near, but above, the method detection 
limit. The remaining concentration levels should correspond to the expected 
range of concentrations found in real samples or should define the working 
range of the GC. Calibration solutions must be replaced after six months, or 
sooner if comparison with check standards indicates a problem. 

5.12 Internal standards if internal standard calibration is used : To 
use this approac , t e ana yst must se ect one or more interna stan a s 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. 

5.12.1 Prepare calibration standards at a minimum of five 
concentration levels for each parameter of interest as described in 
Paragraph 5 .11. 

5.12.2 To each calibration standard, add a known constant amount of 
one or more internal standards, and dilute to volume with diethyl ether. 

5.12.3 Analyze each calibration standard according to Section 7.0. 

5.13 Surrogate standards: The analyst should monitor the performance of 
the extraction, cleanup (when used), and analytical system and the 
effectiveness of the method in dealing with each sample matrix by spiking each 
sample, standard, and reagent water blank with one or two herbicide surrogates 
(e.g., herbicides that are not expected to be present in the sample) 
recommended to encompass the range of the temperature program used in this 
method. Oeuterated analogs of analytes should not be used as surrogates for 
gas chromatographic analysis due to coelution problems. 

8150 - 7 
Revision 0 
Date Sept-emh~e~r~lg=a=6 



'"' 

.. ,, 

l\Mil 

APPENDIX I. (Continued) Page 23 of 48 

7.1.2.2 Remove the flask from the water bath and allow to 
cool. Transfer the water solution to a 125-ml separatory funnel and 
extract the basic solutions once with 40 ml and then twice with 20 
ml of diethyl ether. Allow sufficient time for the layers to 
separate and discard the ether layer each time. The phenoxy acid 
herbicides remain soluble in the aqueous phase as potassium salts. 

7.1.3 Solvent cleanup: 

7.1.3.1 Adjust the pH to 2 by adding 5 ml cold (4•c) sulfuric 
acid (1:3} to the separatory funnel. Be sure to check the pH at 
this point. Extract the herbicides once with 40 ml and twice with 
20 ml of diethyl ether. Discard the aqueous phase. 

7.1.3.2 Combine ether extracts in a 125-ml Erlenmeyer flask 
containing 1.0 g of acidified anhydrous sodium sulfate. Stopper and 
allow the extract to remain in contact with the acidified sodium 
sulfate. If concentration and esterification are not to be 
performed immediately, store the sample overnight in the 
refrigerator • 

7.1.3.3 Transfer the ether extract, through a funnel plugged 
with acid-washed glass wool, into a 500-ml K-D flask equipped with a 
10-ml concentrator tube. Use a glass rod to crush caked sodium 
sulfate during the transfer. Rinse the Erlenmeyer flask and column 
with 20-30 ml of diethyl ether to complete the quantitative 
transfer. 

7.1.3.4 Add one or two clean boiling chips to the flask and 
attach a three-ball Snyder column. Prewet the Snyder column by 
adding about 1 ml of diethyl ether to the top. Place the apparatus 
on a hot water bath (6o•-65•c) so that the concentrator tube is 
partially immersed in the hot water and the entire lower rounded 
surface of the flask is bathed in vapor. Adjust the vertical 
position of the apparatus and the water temperature, as required, to 
complete the concentration in 15-20 min. At the proper rate of 
distillation, the balls of the column will actively chatter, but the 
chambers will not flood. When the apparent volume of liquid reaches 
1 ml, remove the K-D apparatus from the water bath and allow it to 
drain and cool for at least 10 min. 

7.1.3.5 Remove the Snyder column and rinse the flask and its 
lower joints into the concentrator tube with 1-2 ml of diethyl 
ether. A 5-ml syringe is recommended for this operation. Add a 
fresh boiling chip, attach a micro-Snyder column to the concentrator 
tube, and prewet the column by adding 0.5 ml of ethyl ether to the 
top. Place the micro-K-D apparatus on the water bath so that the 
concentrator tube is partially immersed in the hot water. Adjust 
the vertical position of the apparatus and the water temperature as 
required to complete concentration in 5-10 min. When the apparent 
volume of the liquid reaches 0.5 ml, remove the micro-K-D from the 
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7.2.3 Solvent cleanup: 

7.2.3.1 Acidify the contents of the separatory funnel to pH 2 
by adding 2 ml of cold (4•c) sulfuric acid (1:3). Test with pH 
indicator paper. Add 20 ml diethyl ether and shake vigorously for 
2 min. Drain the aqueous layer into a 250-ml Erlenmeyer flask, and 
pour the organic layer into a 125-ml Erlenmeyer flask containing 
about 0.5 g of acidified sodium sulfate. Repeat the extraction 
twice more with 10-ml aliquots of diethyl ether, combining all 
solvent in the 125-ml flask. Allow the extract to remain in contact 
with the sodium sulfate for approximately 2 hr. 

7.2.3.2 Transfer the ether extract, through a funnel plugged 
with acid-washed glass wool, into a 500-ml K-D flask equipped with a 
10-ml concentrator tube. Use a glass rod to crush caked sodium 
sulfate during the transfer. Rinse the Erlenmeyer flask and column 
with 20-30 ml of diethyl ether to complete the quantitative 
transfer. 

7.2.3.3 Add one or two clean boiling chips to the flask and 
attach a three-ball Snyder column. Prewet the Snyder column by 
adding about 1 ml of diethyl ether to the top. Place the apparatus 
on a hot water bath (6o•-65•c) so that the concentrator tube is 
partially immersed in the hot water and the entire lower rounded 
surface of. the flask is bathed in vapor. Adjust the vertical 
position of the apparatus and the water temperature, as required, to 
complete the concentration in 15-20 min. At the proper rate of 
distillation, the balls of the column will actively chatter, but the 
chambers will not flood. When the apparent volume of liquid reaches 
1 ml, remove the K-0 apparatus from the water bath and allow it to 
drain and cool for at least 10 min. 

7.2.3.4 Remove the Snyder column and rinse the flask and its 
lower joints into the concentrator tube with 1-2 ml of diethyl 
ether. A 5-ml syringe is recommended for this operation. Add a 
fresh boiling chip, attach a micro-Snyder column to the concentrator 
tube, and prewet the column by adding 0.5 ml of ethyl ether to the 
top. Place the micro-K-D apparatus on the water bath so that the 
concentrator tube is partially immersed in the hot water. Adjust 
the vertical position of the apparatus and the water temperature as 
required to complete concentration in 5-10 min. When the apparent 
volume of the liquid reaches 0.5 ml, remove the micro-K-D from the 
bath and allow it to drain and cool. Remove the Snyder column and 
add 0.1 ml of methanol. Rinse the walls of the concentrator tube 
while adjusting the extract volume to 1.0 ml with diethyl ether. 

7.2.3.5 Determine the original sample volume by refilling the 
sample bottle to the mark with water and transferring to a 1-liter 
graduated cylinder. Record the sample volume to the nearest 5 mL • 
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Apply nitrogen flow (10 ml/min) to bubble diazomethane through the 
extract for 10 min or until the yellow color of diazomethane 
persists. The amount of Oiazald used is sufficient for esterifi
cation of approximately three sample extracts. An additional 0.1-
0.2 g of Oiazald may be added (after the initial Oiazald is 
consumed) to extend the generation of the diazomethane. There is 
sufficient KOH present in the original solution to perform a maximum 
of approximately 20 min of total esterification. 

7.3.3.2 Remove the concentrator tube and seal it with a 
Neoprene or Teflon stopper. Store at room temperature in a hood for 
20 min. 

7.3.3.3 Destroy any unreacted diazomethane by adding 0.1-0.2 g 
silicic acid to the concentrator tube. Allow to stand until the 
evolution of nitrogen gas has stopped. Adjust the sample volume to 
10.0 ml with hexane. Stopper the concentrator tube and store 
refrigerated if further processing will not be performed 
immediately. It is recommended that the methylated extracts be 
analyzed immediately to minimize the trans-esterification and other 
potential reactions that may occur. Analyze by gas chromatography. 

7.4 Gas chromatography conditions {Recommended}: 

7.4.1 Column la: Set 5S methane/95S argon carrier gas flow at 70-
ml/min flow rate. Column temperature is set at 185•c isothermal. 

7.4.2 Column lb: Set 5S methane/95S argon carrier gas flow at 70-
ml/min flow rate. Column temperature is set at 14o•c for 6 min and then 
programmed at 1o•ctmin to 2oo•c and held. 

7.4.3 Column 2: Set 5S methane/95S argon carrier gas at 70-ml/min 
flow rate. Column temperature is set at 185•c isothermal. 

7.4.4 Column 3: Set nitrogen (ultra-high purity) carrier gas at 
25-ml/min flow rate. Column temperature is set at 1oo•c and then 
immediately programmed at 1o•ctmin to 15o•c and held. 

7.5 Calibration: Refer to Method 8000 for proper calibration 
techniques. Use Table 1 and especially Table 2 for guidance on selecting the 
lowest point on the calibration curve. 

7.5.1 The procedure for internal or external calibration may be 
used. Refer to Method 8000 for a description of each of these 
procedures. 

7.5.2 The following gas chromatographic columns are recommended for 
the compounds indicated: 
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Column: 1.5" SP·2250/1.H" SP·2401 on SuPIICODO" (100/120 Mesn) 
Tempernure: llomermat It 1asoc 
Dt11c:1Dr: Electron Capture 
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Figure 2. Ga c:hom8togram of chlorinatld hwbicides. 

8150 - 15 

Page 29 of 48 

Revision 0 
Date September 1986 



''" 

APPENDIX I. (Continued) 

' 

Page 31 of 48 

Coturnn: 0.1~ SP·1000 on 101100 Mnh Cirbooak C 
,.......,.: 1000C, 100C/Uin to 1IOOC 
DI•1Dr: Ellctron Clctturt 
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F9.1re 4. Ga c:hromatOgf'lm of delapon, column 3. 
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9.0 METHOD PERFORMANCE 

9.1 In a single laboratory, using reagent water and effluents from 
publicly owned treatment works (POTW), the average recoveries presented in 
Table 3 were obtained. The standard deviations of the percent recoveries of 
these measurements are also included in Table 3. 
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METHOD 8150 
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APPENDIX II. Detection Limits for Chlorinated Herbicides EPA Method 8150 

Compound 

2.4-D 
2.4.5-TP (Silvex) 
2.4.5-T 
Dinoseb 
Dicamba 
2.4-DB 
Dalapon 
MCPP 
MCPA 
Dichloroprop 

Method 
Detection 

Limit* (ug/L) 

1.2 
0.17 
0.20 
0.15 
0.27 
0.91 
5.8 
192 
249 
0.65 

For soils MDL. multiply stated MDL x 100 (assuming 10 gm ext) = ug/kg 
* From SW-846-8150 (3rd Ed.) except for Dinoseb. which is higher. 
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APPENDIX IV. Elution Order of Chlorinated Herbicides 

Compound 

DCAA 
2.4-D 
2.4.5-TP (Silvex) 
2.4.5-T 
Dinoseb 
Dicamba 
2.4-DB 
Dalapon 
MCPP 
MCPA 
Dichloroprop 

* - Coelute 

Retention Time (minutes) 

Instrument Instrument Instrument Instrument Instrument 
Parameters Parameters Parameters Parameters Parameters 

A B C D E 

8.3 10.1 13.6 4.2 3.4 
10.9 13.8 15.8 6.3 5.8 
13.5 15.8 16.5 9.6 7.7 
14.1 17.4 17.5 10.6 9.7 
15.6 17.7 19.2 13.6 10.3 

13.9 
18.2 
3.26 

* 14.1 
* 14.7 

15.0 

It) 

~ 
C\1 

Iii 
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APPENDIX VI. Example of QC Control Chart for Surrogate Recovery 

8150 WATER BLANK DCAA RECOVERIES 
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APPENDIX VII. Radian Malfunction Form and Corrective Action Report 

MALFUNCTION REPORT 

Malfunction RePOrt Number ----
Malfunction 'l)tpe ----

1 . QC Limits Exceeded 
2 · Documentation 

Urgency Level----
1 . Requires immediate attention 
2 • Should be addressed within 7 days 

STANDARD 
OPERATING 
PROCEDURE 

PAGE: 
43 of 48 

3 • Other (explain) 3 • Requires written explanation within 14 days 

~boratory:. _______________ Reported to:---------------

L.ocatlon: ________________ Position: _______________ _ 

Contract: -----------------------------------

Date/Time of Malfunction:. __________ _ Date Reported: 

Malfunction RePOrted by: -----------------------------

Matrix: C:: Solid =Water =Air Cl Other----

Description of Problem:------------------------------

Action: -----------------------------------

Date/Time Resolved: _____________ By Whom: --------------

(UPOn completion, send copies to distribution listed and return original to person wl"lo reported tl"le malfunction.) 

Distribution: 

White • Original Yellow • ~boratory Supervisor'S Copy Pink • Originator's Copy 
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Part II Reply I Resolution (Furnlslled by Tecllnlcat Dlrectort 

PROCEDURE NO: 
320-CH-019 

P~by: Date: CAA i: 
OeecriptiOn: Scheduled Implementation: 

Part Ill lmpilaaented Correction Action (by: 

Oescnption: Date Implemented: 

Part IV Follow-up Required: Yes o No D (by: 

Verified by: Date: Comments: 

llllaB&MI -=---· bl lii'JT.-...-.-: 

STANDARD 
OPERATING 
PROCEDURE 

PAGE: 
45 of 48 
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lila MDL fCII' eadl analyae upnueci ill lila 
lpp1'1111nala lllalhod rat~Grliftl UIIIIL If tba 
analy lic:al -aDd penaila opliona wbicll 
afrecl tba lllalbod dalaelioa lillliL tilaM 
c:.Dilditioaa 1111181 be apecdiad wtlllllla MDL 

value. The ----UMd to cletanlune 
tile MDL- allo be idaDWiad wtlll MDL 
voluL R_.a lila 111ean analyae lavel w;lllllle 
MDL aDd illciicala If tba MDL proc:ft- wu 
ileralad. If a U.baraaory ewndud or a -pie 
lllat CODtainad a kllowa a-1 analyla wee 
uaa.l for lhil dtolanlliiWioa. 4llo report tba 
naeanrwcawry. 

If lila laval of analyae Ill lila Ulll!lia w;aa 
bttlow lila~ MDL at~-
exceed 10 lillla lila MDL of lila analyae ill 
reapnt water. do not report a value for lila 
MDL 

Appeadix C to Part 1»---llldiiCilftlr 
Coupled P'·-~lalllic Elllllliaa 
s.-m-atc Mediad far TniCI m-at 
Aaalylit of w ... aad w ..... Mediad 
:Z00.7 

l. Sct1t» and App/iCtllioll 

t.1 lbia lllalbod _, be ..a for lha 
dtotmnillaliOD of cll81olftd.11111118111iacL or 
totale'-11 ill~ -•.IW'flloe 
we~e. aDd clomftUc Ulcl illclull'ia! ............. 

U Dluolwclel-la are dtotmninad ill 
lillered Uld aaclillaclllliiiPiaL Appropnata 
11epe _, be takaa ill ell aul:r- to_... 
that poaanlial mam- are w&an illto 
1-L 1'11il ia ~y tru when 
dlualnd ICIIicla exceeci uao IIIIIL ISH 
MCIIOGS.I 

U Toale~llare~afte 
eppraprtate clillaaae pn =• iaa are 
~!i-.cttc-aa.~ 
...... lila diMolnd ...... -of lila 

-pia IPIIIQ!Inala llapliBUI be taUD Ia 
c:ornct for potatlod ~.&cu. (Sea 
MCIIOGS.I 

U Table 1llsta einltlllll for wlllcll IIlla 
1111llllld appU. •loal wtlllcaw-!*'¥d 
_.,.18ftlllla and !Jplcai allmalad 
illltrulllalllal daiKiioalilllillaallll . 
CCIIlYeD!inai ~lie llabuiiDIUIIL Aclual 
woriUq dalaCtloa illllita .... umJie . 
dlll8ftllut and 11 tba Maple lllllrlx varial. 
tilne CIIIICallhliODI-J aiao YUJ. 11111111& 
olller elatnnla 1UJ be added u _,. 
informatiOn ~ analo&IM Uld u 
reqwraci. 

1.5 llacaua of lila cliff-be
varioua IIIUn andiiiOdala of uliafactarJ 
lll&muDaiiiL DO clalallad illl-w 
nperatiJit iDa-call be pmritl8d. 
lllatead. lila analyat ia referred Ia lila 
iDatNct1on Dft!Yiclad by tba llllllltaf.J- of 
the puliCIIIar illatrullleDt. 

Z. Summary of M•lltod 
Z.t 1'1la matllod clncribee a ladlaiqua for 

lha lilllultaneou or aaq-llallllui~ 
dt!Bmiutloa of Ina •'-18111101atloll. 
The buaa of lila malbod Ia lila --• 
or.,_-- by •• oplic:al 
lpacaucoptc tecluuqua. Sampln are 
nebulized and lila •-' lllat ill producad ia 
trallaporled to tba p._ lardlwa.r. 
IXQiaiiOn occun. c:ur.ca-lic atomic.U. 
emillioD lpeclra IN producad by a Nclio
fraquaiiCJ illcluctmly coupled p._ (ICP). 
The apacaa are dilpanacl by I Pllllt 
lpectnllllatar and the illrenattln al tba liaal 
.... IIIOaltand by pbotollluitipller li&Oaa. 1'1la 
pboiOauftnr. &um lila pilotoaatdtlpUer lltbal 
are pmc:aued and eoalrlllled by • COIIIpalar 
I~ A badt;round crmec:tloa laciuuque il 
required to Wlllpeltlate far vanabla 
ba.:llpouaci wntrtbulioa 10 lila claaanninalioa 
.. f-~11. ·~_,be 
IIMU4IIIId adt-110 analyae IIDn aa 
_ ... dun~~~ analyatL n. poaitloa 
Mlacted far lha bac:qrvtmd mteuicy 
-Loa eilller or bollllidaa of the 
anaiyllcalliaa. wtll be dto....O by lila 
~or lila lpaanllll ~ Ia lila 
anaiyle IIDa. The poattloa UMd 1111181 be ,.. 
of 1pacaa1 illcarrana.:. IIIIi =-llaa the -
cllllllaa Ill bac:llaraalld ID..-cy U occun at 
lila analyaa -.,.~lll......rad. 
BacirlroaDd Cllft'KtiaD 18 DOl required ill 
-of liM~ ..... bacilp'ouncl 
comct1a11 --~would actually dasNcla die analylic:al IWWL 1'1la PftlllbiUiy 
or addlUaalllllerf- aamad ill 1.1 (and 
tnla far tbeir ~ u dnc:nbed IDS.:) 
lbotWi alao be recopiaed IIIIi apprapnate 
comctlaa~ 

J. O.finitiotw 
11 Diuo./ved-1'11oaa elamaa18 which 

wiU pau tlmNab 1 o..as ""' metnllraaa filler • 
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••• ret•tned by a o..as jl&llletllbrane filler. 
3.3 T"t.»-Tha COIIC8Ilhllom dataniWiad 
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(Seclion 1.1 plu t.zJ. 
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datantttoed Oft en llllflllared umple &lllowint 
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~ .. 4). 

3.5 fullVIHnllli d.-ioa .ltllli-1'11e 
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1111-ta of a NqaDI blallk lipai II 
lila - ..... lenpll. 

3.1 Selwtini)'-Tbe elope or tba 
anaiylieai Clllft. LL fwlcaoaalreillliaaallip 
beiW-- illlli-cy IIIIi 
CCIIlCelltraiUIIL 

3j ~ t:bd •Uilltitzrri-A 
muiUe'-tllalldant of lalowD 
CCIIlC&IItraliODI prepared by lila analyat to 
-tar IIIIi nn(y 1118tniiMIII perfMmllllca 
oa a ciaJiy bel& (SH 7.1.11 

3.1 In--- t:lld Mllllpi.-A 
tolalioa -illilll botllllltarfanq Ulcl 
aulyae ~of lalowD concntnUOil 
tbat Cllll be .... Ia ...my bac:qraazld IIIIi 
~~ comcuoa factan. IS. 1.1.2..1 

3.1 Quoiity r:onii'OI Mllll,u.-A ..,lutloa 
obtaillad &um ua CIUIIIda - baWII 
kaowiL -trallaa ~ Ia be u.clto 
varifJ lbe calibraliOa 1tanciardL (S.. 7 .UJ 

3.10 Coiibtvti0116~- of 
lalowD alallclarciiOiulioaa uad by lila 
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preparaa. of lila analyticai CVYel- ISH 7.4) 
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aaalytieaiCIIrft N~~~U~~alillear. 
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(5H7..UI 

3.13 CIUibtatiOII bJODII-A ~ of 
claionizad. dl1lillad water aaclifled wadi 
HNO. and HCL (SH 7..5.11 

3.14 Malltod of•UIItdturl oddili-Tba 
olalldard aclclllioa taclulique iJIYOiva lila -
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4. Sc{IIT 

4.1 Tbe IOIUcify of c:araJIOI8DICllY or aadl 
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Updated Procedure 

1.0 PURPOSE 

2.0 

1.1 

1.2 

To provide a procedural guide for the application of EPA SW-846 Method 
8140 (see Appendix A) to the analysis of Appendix IX Organophosphorus 
Pesticides in hazardous wastes. 

To describe modifications to Method 8140 to optimize performance for 
the analytical instrumentation in this laboratory. 

PROCEDURE 

2.1 Extraction Procedure 

Water samples are extracted at a neutral pH with methylene chloride as 
a solvent using a continuous liquid-liquid extractor. See SOP 321-
SP-012. A one liter sample is required for the detection limits 
listed in Table 2. 

2.2 Gas Chromatographic Procedure 

The gas chromatographic analyses are carried out using a packed column 
with a flame photometric detector in the phosphorus-specific mode. 
The GC conditions are as follows: 

Instrument: 
GC Column: 

Tracer 570 with FPD detector (phosphorus mode) 
6' x 2 mm ID glass column packed with 5% OV-210 
on Supelcoport. 

Instrument Parameters: 

Oven Temperature: Initial = 160°C for 5 minutes 
Ramp @ 10°C per minute 
Final = 240°C for 17 minutes 

AC:~·I MGR: NAJEIUD TE ~~OAT~ I \('. 
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maintained daily plotting the detector response of a selected organophos
phorus pesticide at the 2 ng/uL level. Lines are drawn parallel to the time 
axis at the mean value and at plus and minus 2 and 3 standard deviations. 
The line at 2 standard deviations is the warning limit and the line at 3 
standard deviations is the control limit • 
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TABLE 2. DETECTION LIMITS AND PERCENT RECOVERY DATA FOR 
APPENDIX IX ORGANOPHOSPHORUS PESTICIDES BY 
EPA METHOD 8140 

Instrument 
Detection Method 

Limit (ng) Detection Mean Percent 

STANDARD 
OPERATING 
PROCEDURE 

I PAGE: 

5 of 6 

Spike 
Level 

Compound (total ng) Limit (ug/L) Extraction Recovery ug/L 

Sulfotepp 0.02 0.10 57 5.4 

Phorate 0.02 0.10 65 5.4 

Disulfoton 0.04 0.20 53 5.2 

Methyl Parathion 0.04 0.20 75 5.2 

Ethyl Parathion 0.03 0.15 76 5.5 

Famphor 0.10 0.50 66 s.o 

CD 
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METHOD 8140 

ORGANOPHOSPHORUS PESTICIDES 

1.0 SCOPE AND APPLICATION 

1.1 Method 8140 is a gas chromatographic (GC) method used to determine 
the concentration of various arganasphaspharus pesticides. Table 1 indicates 
compounds that may be determined by this method and lists the method detection 
limit far each compound 1n reagent water. Table 2 lists the practical 
quantitatian limit (PQL) far other matrices. 

1.2 When Method 8140 is used to analyze unfamiliar samples, compound 
identifications should be supported by at least twa additional qualitative 
techniques if mass spectroscopy is nat employed. Section 8.4 provides gas 
chromatograph/mass spectrometer (GC/MS) criteria appropriate far the 
qualitative confirmation of compound identifications. 

2.0 SUMMARY OF METHOD 

2.1 Method 8140 provides gas chromatographic conditions far the 
detection of ppb levels of organophosphorus pesticides. Prior to analysis, 
appropriate sample extraction techniques must be used. Bath neat and diluted 
organic liquids (Method 3580, .Waste Dilution) may be analyzed by direct 
injection. A 2- to 5-uL aliquo~ of the extract is injected into a gas 
chromatograph, and compounds 1n the GC effluent are detected with a flame 
photometric or thermionic detector. 

2.2 If interferences are encountered in the analysis, Method 8140 may 
also be performed on extracts that have undergone cleanup using Method 3620 
and/or Method 3660. 

3.0 INTERFERENCES 

3.1 Refer to Methods 3500 (Section 3.5, in particular), 3600, and 8000. 

3.2 The use of Flor1si1 cleanup materials (Method 3620) for some of the 
compounds in this method has been demonstrated to yield recoveries less than 
851 and is therefore not recommended for all compounds. Refer to Table 2 of 
Method 3620 for recoveries of organophosphorous pesticides as a function of 
Florisil fractions. Use of phosphorus- or halogen-specific detectors, 
however, often obviates the necessity for cleanup for relatively clean sample 
matrices. If particular circumstances demand the use of an alternative 
cleanup procedure, the analyst must determine the elution profile and 
demonstrate that the recovery of each analyte is no less than 85%. 

8140 - 1 
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TABLE z. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS 
MATRICES a 

Matrix 

Ground water 
Low-level soil by sonication with GPC cleanup 
High-level soil and sludges by sonication 
Non-water miscible waste 

Factorb 

10 
670 

10,000 
100,000 

asample PQLs are highly matrix-dependent~ The PQLs listed herein are 
provided for guidance and may not always be achievable. 

bPQL • (Method detection limit (Table 1)] X (Factor (Table Z)]. For non
aqueous samples, the factor 1s on a wet-weight basis. 

8140 - 3 
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4.4.2 Evaporat1on flask: 500-ml (Kontes K-570001-500 or 
equivalent). Attach to concentrator tube with springs • 

4.4.3 Snyder column: 
equivalent). 

4.4.4 Snyder column: 
equivalent). 

Three-ball macro (Kontes K-503000-0121 or 

Two-ball micro (Kontes K-569001-0219 or 

4.5 Boiling chiTs: Solvent extracted, approximately 10/40 mesh (silicon 
carbide or equivalent • 

4.6 Water bath: Heated, with concentric ring cover, capable of 
temperature control (:~·c). The bath should be used in a hood. 

4.7 M1crosyr1nge: 10-ul. 

4.8 Syringe: 5-ml. 

4.9 Volumetric flasks: 10-, 50-, and 100-ml, ground-glass stopper. 

5 • 0 REAGENTS 

5.1 Solvents: Hexane, acetone, isooctane (Z,2,4-trimethylpentane} 
(pesticide quality or equivalent). 

5.2 Stock standard solutions: 

5.2.1 Prepare stock standard solutions by accurately weighing about 
0.0100 g of pure material. Dissolve the material in hexane or other 
suitable solvent and dilute to volume in a 10-ml volumetric flask • 
Larger volumes can be used at the convenience of the analyst. If 
compound purity is certified at 96% or greater, the weight can be used 
without correction to calculate the concentration of the stock standard. 
Commercially prepared stock standards can be used at any concentration if 
they are certified by the manufacturer or by an independent source. 

5.2.2 Transfer the stock standard solutions fnto Tef1on-sealed 
screw-cap bottles. Store at 4•c and protect from light. Stock standard 
solutions should be checked frequently for signs of degradation or 
evaporation, especially just prior to preparing calibration standards 
from them. · 

5.2.3 Stock standard solutions must be replaced after one year, or 
sooner if comparison with check standards indicates a problem. 

5.3 Calibration standards: Calibration standards at a minimum of five 
concentration levels for each parameter of interest should be prepared through 
dilution of the stock standards with isooctane. One of the concentration 
levels should be at a concentration near, but above, the-method detection 
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7.1.2.1 Following K-0 of the methylene chloride extract to 
1 mL using the macro-Snyder column, allow the apparatus to cool and 
drain for at least 10 min. 

1.1.2.2 Momentarily remove the Snyder column, add 50 ml of 
hexane, a new boiling chip, and reattach the macro-Snyder column. 
Concentrate the extract using 1 ml of hexane to prewet the Snyder 
column. Place the K-0 apparatus on the water bath so that the 
concentrator tube is partially immersed in the hot water. Adjust 
the vertical pos1t1on of the apparatus and the water temperature, as 
required, to complete concentration in 5-10 min. At the proper rate 
of distillation the balls of the column will actively chatter, but 
the chambers will not flood. When the apparent volume of liquid 
reaches 1 mL, remove the K-0 apparatus and allow it to drain and 
cool for at least 10 min. 

7.1.2.3 Remove the Snyder column and rinse the flask and its 
lower joint into the concentrator tube with 1-2 ml of hexane. A 
5-ml syringe 1s recommended for this operation. Adjust the extract 
volume to 10.0 mL. Stopper the concentrator tube and store 
refrigerated at 4•c if further processing will not be performed 
immediately. If the extract will be stored longer than two days, ft 
should be transferred to a Teflon-sealed screw-cap vial. Proceed 
with gas chromatographic analysis if further cleanup 1s not 
required. 

7.2 Gas chromatography conditions (Recommended): 

7.2.1 Column la: Set helium carrier gas flow at 30 ml/min flow 
rate. Column temperature 1s set at 1so•c for 1 min and then programmed 
at 2s•ctmin to 22o•c and held. 

7.2.2 Column lb: Set nitrogen carrier gas flow at 30 mL/min flow 
rate. Column temperature is set at 11o•c for 2 min and then programmed 
at 2o•ctmin to 22o•c and held. 

7.2.3 Column 2: Set helium carrier gas at 25 mL/min flow rate. 
Column temperature is set at 17o•c for 7 min and then programmed at 
1o•c/min to 2so•c and held. 

7.2.4 Column 3: Set nitrogen carrier gas at 30 mL/min flow rate. 
Column temperature is set at 1oo•c and then immediately programmed at 
25.C/m1n to zo·o·c and held. 

7.3 Calibration: Refer to Method 8000 for proper calibration 
techniques. Use fable 1 and especially Table 2 for guidance on selecting the 
lowest point on the calibration curve. 

7.3.1 The procedure for internal or external calibration may be 
used. Refer to Method 8000 for a description of each of these 
procedures. 
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8.2.1 Select a representative spike concentration for each analyte 
to be measured. The quality control check sample concentrate (Method 
8000, Section 8.6) should contain each analyte in acetone at a 
concentration 1,000 times more concentrated than the selected spike 
concentration. 

8.2.2 Table 3 indicates Single Operator Accuracy and Precision for 
this method. Compare the results obtained with the results given in 
Table 3 to determine if the data quality is acceptable. 

8.3 Calculate surrogate standard recovery on all samples, blanks, and 
spikes. Determine if the recovery is within limits (limits established by 
performing QC procedures outlined in Method 8000, Section 8.10). 

8.3.1 If recovery is not within limits, the following procedures 
are required. 

• Check to be sure there are no 
surrogate solutions and internal 
instrument performance • 

errors in calculations, 
standards. Also, check 

• 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.• 

8.4 GC/MS confirmation: 

8.4.1 GC/MS techniques should be judiciously employed to support 
qualitative identifications made with this method. The GC/MS operating 
conditions and procedures for analysis are those specified in Method 
8270. 

8.4.2 When available, chemical ionization mass spectra may be 
employed to aid in the qualitative identification process. 

8.4.3 Should these MS procedures fail to provide satisfactory 
results, additional steps may be taken before reanalysis. These steps 
may include the use of alternate packed or capillary GC columns and 
additional cleanup. 

9.0 METHOD PERFORMANCE 

9.1 Single-operator accuracy and precision studies have been conducted 
using spiked wastewater samples. The results of these studies are presented 
in Table 3. 
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TABLE 3. SINGLE-OPERATOR ACCURACY AND PRECISIONa 
'• 

Average Standard Spike Nulliber 
recovery deviation range of 

Parameter (%) (S) (ug/L) analyses 

Azinphos methyl 72.7 18.8 21-250 17 
Sol star 64.6 6.3 4.9-46 17 
Ch 1 orpyri fos 98.3 5.5 1.0-50.5 18 
Coumaphos 109.0 12.7 25-225 17 
Demeton 67.4 10.5 11.9-314 17 
Diazinon 67.0 6.0 5.6 7 
D1ch1orvos 72.1 7.7 15.6-517 16 

''"' D1su1foton 81.9 9.0 5.2-92 17 
Ethoprop 100.5 4.1 1.0-51.5 18 
Fensulfothion 94.1 17.1 23.9-110 17 

''"' 
Fent.hion 68.7 19.9 5.3-64 17 
Merphos 120.7 7.9 1.0-50 18 

,.. .. Mevinphos 56.5 7.8 15.5-520 16 
Naled 78.0 8.1 25.8-294 16 
Parathion methyl 96.0 5.3 0.5-500 21 
Phorate 62.7 8.9 4.9-47 17 
Ronnel 99.2 5.6 1.0-50 18 
Stirophos 66.1 5.9 30.3-505 16 
Tokuth1on 64.6 6.8 5.3-64 17 
Tric:hloronate 105.0 18.6 20 3 

,., .. a!nformat1on taken from Reference 4. 

.... 

·•I'll 
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Original -- Commonality 

1.0 

2.0 

PURPOSE 

1.1 

1.2 

Method 3050 is an acid digestion procedure used to prepare sludge 
and soil or similar samples for analysis by flame or furnace 
atomic absorption spectroscopy (AAS) or by inductively coupled 
argon plasma spectroscopy (ICP). Samples prepared by Method 3050 
may be analyzed by ICP for all the listed metals, or FLAA or GFAA 
as indicated below: 

FLAA GFAA 

Aluminum Magnesium Arsenic 
Antimony Manganese Beryllium 
Arsenic Nickel Cadmium 
Barium Potassium Chromium 
Beryllium Selenium Cobalt 
Calcium Sodium Iron 
Cadmium Silver Molybdenum 
Chromium Tin Selenium 
Cobalt Thallium Thallium 
Copper Vanadium Vanadium 
Iron Zinc 
Lead 

Method 3050 may also be applicable to the analysis of other metals 
in sludge-type samples. However, prior to using this method for 
metals, it must. be evaluated using the specific metal and matrix. 

SUMMARY OF METHOD 

2.1 A representative 1- to 2-g (wet weight) sample is digested in 
nitric acid and hydrogen peroxide. 

WRIJ~R NAME!OATE ~· I 
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6.2 

6.3 

6.4 

6.5 
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320-DG-003 I PAGE: 
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Heat the sample to 95°C and reflux for 10 to 15 minutes. Do not 
boil the sample. Allow the sample to cool and add~5 mL of 
concentrated nitric acid. Cover and reflux for approximately 30 
minutes. Repeat this last step to ensure complete oxidation. 

Evaporate the solution to a volume of 15 to 20 mL and cool. Add 
3 mL of Type II water and 2 mL of 30% hydrogen peroxide. Cover 
the sample and heat slowly until the effervescence subsides . 
Cool. 

Add additional 30% hydrogen peroxide in 1 mL aliquots with warming 
until the effervescence is minimal or the general sample 
appearance is unchanged . 

6.4.1 If the sample is being prepared for ICAP analysis or flame 
AAS analysis of the metals listed in Section l.l or the ICAP 
analysis of As and/or Se then add 5 mL of concentrated HC1 
and 10 mL of water to the sample. Cover the beaker and 
reflux for an additional 15 minutes. Cool. 

NOTE: The HCl may be omitted if the lab supervisor approves 
and the client is notified. The addition of the HCl may 
lead to reduced silver recoveries . 

6.4.2 If the sample is being prepared for the graphite furnace 
analysis of any of the metals listed in Section 1.1, reduce 
the volume to 15 to 20 mL. Cool. 

Filter or centrifuge the sample to remove any rema1n1ng 
particulate. Bring to a final volume of 100 mL with water in a 
volumetric flask. 

7.0 SAFETY 

7.1 Follow normal laboratory safety procedures as outlined in the 
Radian Corporation Health and Safety Manual and the site specific 
laboratory safety SOP. 

8.0 QUALITY CONTROL 

8.1 

cah.065c 

Prepare at least one reagent blank with each batch of samples to 
determine if contamination is occurring. A minimum of one blank 
should be run for every 20 samples . 
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1.0 

Updated Procedure 

PURPOSE 

1.1 

1.2 

To provide a procedural guide for the application of EPA Method 
SW-846-8080 (see Appendix A) to the analysis of Appendix IX 
organochlorine pesticides and PCBs in hazardous wastes. 

To describe the modifications to Method 8080 which are necessary to 
facilitate performance of the analyses. 

2.0 PROCEDURE 

The chlorinated pesticides described in the scope and application section 
(1.0) of Method 8080 are analyzed by a modified procedure described below. 

2.1 Modification of Gas Chromatographic Procedure for chlorinated 
pesticides, Method 8080 (7.2) 

The GC analyses are carried out using a glass capillary column and 
programmed oven temperature. GC conditions are as follows: 

Instrument: HP 5890 GC with Electron Capture Detector 
Automatic Sampler: HP 7672 or HP 7673 
Data System: HP 1000; LAS. 

GC Column: A 60 meter. 0.75 mm I.D. glass column coated with 1.0 um. 
SPB-5 • 

\J ) I 
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4.0 QUALITY CONTROL 

The appropriate quality control procedures described in Method 8080 section 
8.0. should be carried out. In addition. the analyst should refer to SOPs 
321-SP-001 and 321-CH-001 for additional information and directions on 
proper quality control. 

4.1 Preparation of Standards 

4.2 

4.3 

Primary standards for most of the pesticides are EPA solutions of 5000 
ug/mL. If these are not available, a solution is prepared from the 
neat material by accurately weighing 50 mg and dissolving in 10 mL of 
methanol. 

A working standard is prepared by adding 100 uL of each of the primary 
standards to a 100 mL volumetric flask. This solution will contain 1.0 
ng/uL. Further serial dilutions of this standard are required to 
prepare injection standards in the calibration range of the instru
ment: from 50 pg/uL to 5000 pg/uL. 

Calibration 

The external standard method of calibration is used with the Hewlett 
Packard LAS system. Initial calibration is done using at least three 
injection standards: 50 pg/uL. 500 pg/uL and 5000 pg/uL. The detec
tor should be linear over this range. 

The response factors of each pesticide at 500 pg/uL should be calcu
lated daily. Figure 1 is an example of a daily QC chart for this 
assay. The LAS method for Appendix IX pesticides is stored as PESTX. 
where X = the number of the latest revision. Figure 2 is a copy of 
this method with typical response factors for each pesticide. See the 
SOP on the LAS for more information on response factors. 

Surrogate Standards 

The analyst should monitor the performance of the extraction. cleanup 
(when used). and analytical system and the effectiveness of the method 
in dealing with each sample matrix by spiking each sample. standard. 
and reagent water blank with pesticide surrogates. Because GC/ECD 
data are much more subject to interference then GC/MS. a secondary 
surrogate is to be used when sample interference is apparent. Dibutyl
chlorendate (DBC) is also subject to acid and base degradation. 
Therefore, two surrogate standard are added to each sample: however, 
only one need be calculated for recovery. DBC is the primary surro
gate and should be used whenever possible. However. if DBC recovery 
is low or compounds interfere with DBC. then 2,4,5,6-tetrachloro-meta
xylene should be evaluated for acceptance. Proceed with corrective 
action when both surrogates are out of limits for a sample indicating 
the proper procedure for preparing these surrogates. 
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TABLE 1. ELUTION ORDER OF CHLORINATED PESTICIDES ON A 60M 
SPB-5 MEGABORE CAPILLARY COLUMN 

Compound 

et. -BHC 
PCB 1232 
PCB 1221 
B -BHC 
Lindane 
8 -BHC 
Aroclor 1016 
PCB 1242 
Heptachlor 
Aldrin 
Heptachlor epoxide 
PCB 1248 
Chlordane 
Endosulfan I 
p.p'-DDE 
Dieldrin 
PCB 1254 
Endrin 
Endosulfan II 
p~p'-DDD 
Toxaphene 
Endrin aldehyde 
Kepone 
p.p'-DDT 
Methoxychlor 
PCB 1260 

Retention Time (minutes) 

10.9 
ll.Oa 
11.1 a 
12.2 
12.5 
13.8 
15. 7a 
15.9a 
16.6 
18.9 
21.6 
22.4a 
23.5 
24.3 
26.1 
26.2 
26.9a 
27.9 
28.6 
29.3 
29.8a 
30.3 
30.7 
32.3 
37.1 
38.3a 

~ultiple peaks - this is R.T. of the largest peak • 
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Compound 

Heptachlor 
Aldrin 
Heptachlor epoxide 
p.p'-DDE 
Dieldrin 
p.p'-DDD 
p.p'-DDT 

l PROCEDURE NO: 

321-CH-008 

TABLE 3. PESTICIDE RECOVERIES WITH FLORISILa 

% Recovery 

99 
87 
94 
95 
71 
92 
87 
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METHOD: =>Esn 
CHANNEL I) 

ON CPH L':O CREA7EQ: 16:1, ON MAR ~ !096 
MODIFIED: 10:?8 Oti MAY /, 1'?86 

l. DATA I~IPUT 

RUNTM ~~PKS 

??.00, -300 

MU/MIN DELAY MIN-AR BUNCH 
. 700. 6. 00 • 1000, NO 

INTEGRATOR EVENTS 
TIME EVENT 

1 . 1.0' •.J 
2 /E 

CONTROL ':: 1JENTS 
T l ME :0: 1./E~lT :::CM RL Y 

1 60.00, CY 
2 ·E 

2. DATA HNALYSIS 

PROC RPRT SUP-UNK 
ESTD, =::x, NO 

UNITS 
PG/UL 

TITLE 
,.:.,PPNDX lJ 1 I 1 

REF- OTL-J \RT'd OF- •jNK 1 D- L1JL DUT 
.2?0, 3.000, G.OOOOE• 0, 1100, 0.00 

CAL!8RAT I ON PEAKS CALIBRATED: :1:<:~ ']t~ 11~-oY 
TlME AMOUNT FACTOR rlAME 

1 1, ..,. 
... - •. lj' ~.O'JOOE• ::; . t3.:?77E- .... i-o-BHC 

2 13. IJC::. s .OOOOE• 2, 1.2712E- 3' 8-BHC 
3 13.~2, c;.I)OOOE• ·~ 7. ?1?4E- ;~LINC•.:.NE -' 4 1 ..... /o, s .OOOOE• 2' o.?413E- 4, D-8HC 
t:; '- . 6". . •JOOOE• ,., o.3700E- .... ~EPT _.,:HLC::> - -. 
6 l?. '76' c; .!)OOOE• .., 

~. 7308E- .... ALDRIN ... . 
.::.~: . :::.OOOOE• :. 6.8241E- ... . •~HEPT- EPO:< 

8 ::: . -+1 • '3 .OOOOE• 2 • 7.4433E- ... A-ENDOSULF 
9 

,_ '- c: . •JOOOE• ::! ' 7.:410E- ... PP-ODE 
lu .. - .,.., 

~ .OOOOE• . ., ,.214oE- 4, DIELDR!~I -· • J,./. "-. 
• l :·? . >J • ::: • •J 0 0 OE • .~ l.C':'91E- :,>: =:tlOP!~I -' 1.2 .:: ·~. '3 1 • ':.OIJOIJE• 2' 3.7697E- .... 8- Ei IDOSIJL"' 
_;. : :) . ..:. -; . '".OCOOE• ' 1. ll·HOE- 'P-C C•D 
1~ T 1 oor:·j 

".I) •j OOE• l. 1. e348E- 'T EtiOPIH ;..:_[>H . . . . ... ' -' . 
:? "'!3 ·""""""' .OGOOE· ' ".'38?t:;E- :;PP-r·C•T 
16 :·3. 2'!' : .OQO:JE• ' l.-"o;,03E- : METHI]~~YC.HUJP ,--/ -:;Q • I;')' ".OOOIJE• ' ~.CIOOCE• .;tiOTH I~~~; 
18 -

.. ',;SE~ ::>:;IQGF!At1S 

~'JSI--Nt-lL .)!;...LG-P~G :o,;R.=oM->=1 LE 

~?86 

Figure 2. Method for LAS Analysis of Appendix IX Chlorinated Pesticides 



lillil 

..... 

' r 

1111111 

•• 

METHOD 8080 

ORGANOCHLORINE PESTICIDES AND PCSs 

1.0 SCOPE AND APPLICATION 

1.1 Method 8080 is used to determine the concentration of various 
organochlorine pesticides and polychlorinated biphenyls (PCSs). Table 1 
indicates compounds that may be determined by this method and lists the method 
detection limit for each compound in reagent water. Table 2 lists the 
practical quantitation limit (PQL) for other matrices. 

2.0 SUMMARY OF METHOD 

2.1 Method 8080 provides gas chromatographic conditions for the 
detection of ppb levels of certain organochlorine pesticides and PCSs. Prior 
to the use of this method, appropriate sample extraction techniques must be 
used. Both neat and diluted organic liquids (Method 3580, Waste Dilution) may 
be analyzed by direct injection. A 2- to 5-ul sample is injected into a gas 
chromatograph (GC) using the solvent flush technique, and compounds in the GC 
effluent are detected by an electron capture detector (ECD) or a halogen
specific detector (HSD). 

2.2 The sensitivity of Method 8080 usually depends on the level of 
interferences rather than on instrumental limitations. If interferences 
prevent detection of the analytes, Method 8080 may also be performed on 
samples that have undergone cleanup. Method 3620, Florisil Column Cleanup, by 
itself or followed by Method 3660, Sulfur Cleanup, may be used to eliminate 
interferences in the analysis • 

3.0 INTERFERENCES 

3.1 Refer to Methods 3500 (Section 3.5, in particular), 3600, and 8000. 

3.2 Interferences by phthalate esters can pose a major problem in 
pesticide determinations when using the electron capture detector. These 
compounds generally appear in the chromatogram as large late-eluting peaks, 
especially in the 15% and 50% fractions from the Floris11 cleanup. Common 
flexible plastics contain varying amounts of phthalates. These phthalates are 
easily extracted or leached from such materials during laboratory operations. 
Cross contamination of clean glassware routinely occurs when plastics are 
handled during extraction steps, especially when solvent-wetted surfaces are 
handled. Interferences from phthalates can best be minimized by avoiding 
contact with any plastic materials. Exhaustive cleanup of reagents and 
glassware may be required to eliminate background phthalate contamination. 
The contamination from phthalate esters can be completely eliminated with a 
microcoulometric or electrolytic conductivity detector • 
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TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS 
MATRICESa 

Matrix 

Ground water 
Low-level soil by sonicat1on with GPC cleanup 
High-level soil and sludges by sonication 
Non-water miscible waste 

Factorb 

10 
670 

10,000 
100,000 

asample PQLs are highly matrix-dependent. The PQLs listed herein are 
provided for guidance and may not always be achievable. 

bPQL • [Method detection 11m1t (Table 1)] X [Factor (Table 2)]. For non
aqueous samples, the factor 1s on a wet-weight basis • 
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5.0 REAGENTS 

5.1 Solvents: Hexane, acetone, toluene, isooctane (2,2,4-trimethyl
pentane) (pesticide quality or equivalent). 

5.2 Stock standard solutions: 

5.2.1 Prepare stock standard solutions at a concentration of 
1.00 ug/uL by dissolving 0.0100 g of assayed reference material in 
isooctane and diluting to volume in a 10-mL volumetric flask. A small 
volume of toluene may be necessary to put some pesticides in solution. 
Larger volumes can be used at the convenience of the analyst. When 
compound purity 1s assayed to be 96% or greater, the weight can be used 
without correction to calculate the concentration of the stock standard. 
Commercially prepared stock standards can be used at any concentration if 
they are certified by the manufacturer or by an independent source. 

5.2.2 Transfer the stock standard solutions ~nto Teflon-sealed 
screw-cap bottles. Store at 4•c and protect from light. Stock standards 
should be checked frequently for signs of degradation or evaporation, 
especially just prior to preparing calibration standards from them. 

5.2.3 Stock standard solutions must be replaced after one year, or 
sooner if comparison with check standards indicates a problem. 

5.3 Calibration standards: Calibration standards at a minimum of five 
concentration levels for each parameter of interest are prepared through 
dilution of the stock standards with isooctane. One of the concentration 
levels should be at a concentration near, but above, the method detection 
limit. The remaining concentration levels should correspond to the expected 
range of concentrations found in real samples or should define the working 
range of the GC. Calibration solutions must be replaced after six months, or 
sooner, if comparison with check standards indicates a problem. 

5.4 Internal standards if internal standard calibration is used : To 
use this approac , t e ana yst must se ect one or more 1nterna 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. 

5.4.1 Prepare calibration standards at a minimum of five 
concentration levels for each analyte of interest as described in 
Paragraph 5.3. 

5.4.2 To each calibration standard, add a known constant amount of 
one or more internal standards, and dilute to volume with isooctane. 

5.4.3 Analyze each calibration standard according to Section 7.0. 
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7.1.2.3 Remove the Snyder column and rinse the flask and its 
lower joint into the concentrator tube with 1-2 ml of hexane. A 
5-ml syringe is recommended for this operation. Adjust the extract 
volume to 10.0 ml. Stopper the concentrator tube and store 
refrigerated at 4•c, if further processing will not be performed 
immediately. If the extract will be stored longer than two days, it 
should be transferred to a Teflon-sealed screw-cap vial. Proceed 
with gas chromatographic analysis if further cleanup is not 
required. 

7.2 Gas chromatography conditions (Recommended): 

7.2.1 Colu.n 1: Set 5S methane/95S argon carrier gas flow at 
60 ml/m1n flow rate. Column temperature 1s set at 2oo•c isothermal. 
When analyzing for the low molecular weight PCBs (PCB 1221-PCB 1248), it 
is advisable to set the oven temperature to 1so•c. 

7.2.2 Column 2: Set 51 methane/951 argon carrier gas flow at 
60 ml/min flow rate. Column temperature held isothermal at 2oo•c. When 
analyzing for the low molecular weight PCBs (PCB 1221-PCB 1248), it is 
advisable to set the oven temperature to 14o•c • 

7.2.3 When analyzing for most or all of the analytes in this 
method, adjust the oven temperature and column gas flow so that 4,4•-ooT 
has a retention time of approximately 12 min. · 

7.3 Calibration: Refer to Method 8000 for proper calibration 
techniques. Use fable 1 and especially Table 2 for guidance on selecting the 
lowest point on the calibration curve. 

7.3.1 The procedure for internal or external calibration may be 
used. Refer to Method 8000 for a description of each of these 
procedures • 

7.3.2 Because of the low concentration of pesticide standards 
injected on a GC/ECO, column adsorption may be a problem when the GC has 
not been used for a day. Therefore, the GC column should be primed or 
deactivated. by injecting a PCB or pesticide standard mixture 
approximately 20 times more concentrated than the mid-level standard. 
Inject this prior to beginning initial or daily calibration. 

7.4 Gas chromatographic analysis: 

7.4.1 Refer to Method 8000. If the internal standard calibration 
technique is used, add 10 ul of internal standard to the sample prior to 
injection. 

7.4.2 Follow Section 7.6 in Method 8000 for instructions 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 • 
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D, a chlordane analog; G, coelution of cis-nonachlor and •compound K,• a 
chlordane isomer. The right •shoulder• of peak F is caused by trans
nonachlor. 

7.6.4.1 The GC pattern of a chlordane residue may differ 
considerably from that of the technical standard. Depending on the 
sample substrate and its history, residues of chlordane can consist 
of almost any combination of: constituents from the technical 
chlordane; plant and/or animal metabolities; and products of 
degradation caused by exposure to environmental factors such as 
water and sunlight. Only limited information is available on which 
residue GC patterns are likely to occur in which samples types, and 
even this information may not be applicable to a situation where the 
route of exposure is unusual. For example, fish exposed to a recent 
spill of technical chlordane will contain a residue drastically 
different from a fish whose chlordane residue was accumulated by 
ingestion of smaller fish or of vegetation, which in turn had 
accumulated residues because chlordane was in the water from 
agricultural runoff. 

7.6.4.2 Because of this inability to predict a chlordane 
residue GC pattern, it 1s not possible to prescribe a single method 
for the quantitation of chlordane residues. The analyst must judge 
whether or not the residue•s GC pattern is sufficiently similar to 
that of a technical chlordane reference material to use the latter 
as a reference standard for quantitation. 

7.6.4.3 When the chlordane residue does not resemble technical 
chlordane, but instead consists primar1TY of individual, 
identifiable peaks, quantitate each peak separately against the 
appropriate reference materials and report the individual residues. 
(Reference materials are available for at least 11 chlordane 
constituents, metabolites or degradation products which may occur in 
the residue.) 

7.6.4.4 When the GC pattern of the residue resembles that of 
technical chlordane, quantitate chlordane residues by comparing the 
total area of the chlordane chromatogram from peaks A through F 
(Figure 9a) in the sample versus the same part of the standard 
chromatogram. Peak G may be obscured in a sample by the presence of 
other pesticides. If G is not obscured, include it in the 
measurement for both standard and sample. If the heptachlor epoxide 
peak is relatively ~mall, include it as part of the total chlordane 
area for calculation of the residue. If heptachlor and/or 
heptachlor epoxide are much out of proportion as in Figure 6j, 
calculate these separately and subtract their areas from total area 
to give a corrected chlordane area. (Note that octachlor epoxide, 
metabolite of chlordane, can easily be mistaken for heptachlor 
epoxide on a nonpolar GC column.) 
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7.6.5.3 Quantitate PCB residues by comparing total area or 
height of residue peaks to total area of height of peaks from 
appropriate Aroclor(s) reference materials. Measure total area or 
height response from common baseline under all peaks. Use only 
those peaks from sample that can be attributed to chlorobiphenyls. 
These peaks must also be present in chromatogram of reference 
materials. Mixture of Aroclors may be required to provide best 
match of GC patterns of sample and reference. 

7.6.6 DDT: DDT found in samples often consists of both o,p•- and 
p,p'-DDT. Residues of ODE and TOE are also frequently present. Each 
isomer of DDT and its metabolites should be quantitated using the pure 
standard of that compound and reported as such. 

7 .6.7 Hexachlorocyclohexane (BHC, froa the fonDer name, benzene 
hexachloride): Technical grade BHC is a cream-colored amorphous solid 
with a very characteristic musty odor: it consists of a mixture of six 
chemically distinct isomers and one or more heptachloro-cyclohexanes and 
octachloro-cyclohexanes. 

7.6.7.1 Commercial BHC preparations may show a wide variance 
in the percentage of individual isomers present. The elimination 
rate of the isomers fed to rats was 3 weeks for the a-, 7-, and 6-
isomers and 14 weeks for the p-isomer. Thus it may be possible to 
have any combination of the various isomers in different food 
commodities. BHC found in dairy products usually has a large 
percentage of p-isomer. 

7.6.7.2 Individual isomers (a, p, 7, and 6) were injected into 
gas chromatographs equipped with flame ionization, microcoulometr1c, 
and electron capture detectors. Response for the four isomers is 
very nearly the same whether flame ionization or microcoulometric 
GLC is used. The a-, 7-, and 6-fsomers show equal electron 
affinity. p-BHC shows a much weaker electron affinity compared to 
the others isomers. 

7.6.7.3 Quantitate each isomer (a, p, 7, and 6) separately 
against a standard of the respective pure isomer, using a GC column 
which separates all the isomers from one another. 

8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures. 
Quality control to validate sample extraction is covered fn Method 3500 and fn 
the extraction method utilized. If extract cleanup was performed, follow the 
QC in Method 3600 and in the specific cleanup method. 

a 8.2 Mandatory quality control to evaluate the GC system operation is 
found fn Method 8000, Section 8.6. 
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9.0 METHOD PERFORMANCE 

9.1 The metho~ was tested by 20 laboratories using reagent water, 
drinking water, surface water, and three industrial wastewaters spiked at six 
concentrations. Concentrations used in the study ranged from 0.5 to 30 ug/L 
for single-component pesticides and from 8.5 to 400 ug/L for multi-component 
parameters. Single operator 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 for a flame ionization detector are presented in Table 4. 

9.2 The accuracy and precision obtained will be determined by the sample 
matrix, sample-preparation technique, optional cleanup techniques, and 
calibration procedures used. 
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TABLE 3. QC ACCEPTANCE CRITERIAa 

Test L1mit Range Range 
cone. for s for X P, Ps 

Parameter (ug/L) (ug/L) (ug/L) (%) 

Aldrin 2.0 0.42 1.08-2.24 42-122 
ct-BHC 2.0 0.48 .98-2.44 37-134 
p-BHC 2.0 0.64 0.78-2.60 17-147 
6-BHC 2.0 0.72 1.01-2.37 19-140 
7-BHC 2.0 0.46 0.86-2.32 32-127 
Chlordane so 10.0 27.6-54.3 45-119 
4,4'-000 10 2.8 4.8-12.6 31-141 
4,4'-00E 2.0 0.55 1.08-2.60 30-145 
4,4'-00T 10 3.6 4.6-13.7 25-160 
Dieldrin 2.0 0.76 1.15-2.49 36-146 
Endosulfan I 2.0 0.49 1.14-2.82 45-153 
Endosulfan II 10 6.1 2.2-17.1 D-202 
Endosulfan Sulfate 10 2.7 3.8-13.2 26-144 
Endrin 10 3.7 5.1-12.6 30-147 
Heptachlor 2.0 0.40 0.86-2.00 34-111 
Heptachlor epoxide 2.0 0.41 1.13-2.63 37-142 
Toxaphene so 12.7 27.8-S5.6 41-126 
PCB-1016 50 10.0 30.5-51.5 S0-114 
PCB-1221 50 24.4 22.1-75.2 15-178 
PCB-1232 50 17.9 14.0-98.5 10-215 
PCB-1242 so 12.2 24.8-69.6 39-150 
PCB-1248 so 15.9 29.0-70.2 38-158 
PCB-1254 50 13.8 22.2-57.9 29-131 
PCB-1260 so 10.4 18.7-54.9 8-127 

s a Standard deviation of four recovery measurements, in ug/L. 

X • Average recovery for four recovery measurements, in ug/L. 

P, Ps • Percent recovery measured. 

D • Detected: result must be greater than zero. 

acriteria from 40 CFR Part 136 for Method 608. These criteria are based 
directly upon the method performance data in Table 4. Where necessary, the 
limits for recovery have been broadened to assure applicability of the limits 
to concentrations below those used to develop Table 4. 
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1.0 PURPOSE 

The purpose of this SOP is to outline the extraction and analysis 

procedures used in analyzing Appendix VIII volatile organic 

compounds by GC/MS • 

2.0 SCOPE 

This SOP discusses the proper extraction procedures for a variety of 

matrices and the methodology involved in analyzing for volatile 

organics. Also discussed is a specific list of the compounds of 

interest as well as the proper quality control and safety procedures 

involved in handling volatile organic compounds. 

3.0 EXTRACTION SUMMARY 

For liquid samples, the direct purge-and-trap method (Method 8240) 

is used. The headspace analysis method (5020) is an alternate 

method. Solid samples are mixed with tetraglyme, and then a portion 

of the tetraglyme is added to water and analyzed by the purge-and

trap method. Specifics for these methods may be found in the Test 

Methods for Evaluating Solid Waste, USEPA, SW-846, 2nd Edition, July 

1982 for Method 8240 referenced in Appendix A. Table 3-1 lists the 

compounds of interest as well as their detection limits. 
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TABLE 3-1. RETENTION TIME ORDER AND DETECTION LIMITS 
FOR THE REVISED 8240 COMPOUND LIST (Continued) 

Retention Primary Instrument 
Time Ion Detection 

Compound (min) (m/z) Limit (ng) 

1,1,1,2-Tetrachloroethane 18.06 131 10 
4-Methyl-2-Pentanone (MIBK) 18.20 43 10 
2-Hexanone 19.50 43 10 
1,2,3-Trichloropropene 19.52 75 25 
1,1,2,2-Tetrachloroethane 20.10 83 10 
Toluene-d (I.S.) 21.06 98 NA 
Ethyl metHacrylate 21.16 69 10 
Toluene 21.18 91 10 
Chlorobenzene 22.22 112 10 
Ethyl benzene-d5 (I.S.) 23.58 96 NA 
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Method 
Detection 

Limit (ug/L) 

2 
2 
2 
5 
2 

NA 
2 
2 
2 

NA 

aColumn conditions for reported retention times: Carbopack B (60/80 mesh) 
coated with 1% SP-1000 packed in a 6 ft by 2 mm ID glass column with helium 
carrier gas at a flow rate of 30 ml/min. Initial oven temperature of 35°C, 
held for 2.5 minutes and then ramp at 8°C/min to 220°C and held for 15 
¥:inutes. 

MDL assumes a 5 mL sample. 
~(I.S.) Designates an internal standard. 

NA = Not applicable. 
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1,2-DBTFE, fluorobenzene, m-BBTF and BFB. The calibration curve 

should contain a minimum of 3 points, with a separate standard 

demonstrating the lower limit of quantitation. The remaining 

standards on the curve should define the linear range of the 

instrument. Total Volatile Content (TVC) is not required for 

purgeables and Section 7.3.1 and 7.3.2 of Appendix A may be skipped. 

The GC conditions for the volatile organic analysis are essentially 

the same as those described in Section 7.3.5 with a slight change 1n 

the initial temperature. The column and conditions used are as 

follows: 

Column: 6 ft x 2 mm ID glass column of 1% SP-1000 on Carbopack B 

(60/80 mesh) 

Temperature Program: Initial temperature 36°C for 2.5 min., then 

ramp at 8°C/min to 220°C and hold at 220°C for 15 minutes. 

QUALITY CONTROL 

The appropriate quality control as described in Appendix A, Section 

8.0, should be followed. Ion confirmation and ion abundance should 

be checked daily prior to running any standards or samples. The 

tuning compound for volatile analysis should be 4-bromofluorobenzene 

(BFB). The specific tuning criteria for BFB are found in Table 2 of 

Appendix A. 

After tuning, a three point calibration curve should be run and a 

separate standard analyzed to demonstrate the IDL. After running, 

or checking, the calibration curve, a surrogate standard should be 

run to determine surrogate response factors. A quality control 

chart displaying response factor versus time should be updated once 
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Z.4 raolt l I i sts CSttKtton hlllits tl'l&t eu bt oau1neca 1n •Utewuers 
in tnt aosenct of interftt'lnces. Otttct1on limtts for 1 ttP1c•l ••ste s~lt 
-oulcs 1:11 s1gn1f1eantly ntgner. 

TAIL& l. OtROMTOGIUPHIC CONDITIONS AltO METHOD OETECTIOJI I.UUTS 

------·------------------------------

Ctlo~Nne 
lll'~lNftl 
Vt n11 ctt 1 01'1 41 
Ctloroetftane 
"-tttylene chlortcse 
Trtcttlorofluo~~ane 
1.l-01chiOI'Ottftlftl 
l.l-otcnloroetnane 
trans-l.Z·Otcnloroetftene 
Ollo,-,fo,.. 
1.Z-D1Cftloroetttane 
l.l.l•TrtCftlOI'Oitftlftt 
CArbon tttraCftlortcse 
8r~1cftlo~tftane 
L.Z-otcnloreoroo•ne 

- trans•l.l•Otcttlora,~en• 
TrtCftlOI"'Otlllftl 
ainzene 
01Dra.acftlora.ttftlftl 
1.1.2-irtcttloroetftant 

-- cts-1.3-Gtcnloraorooene 
_.z-cftloroetttylv1nyl etlltr 

ara.afo,.. 
l.1.Z.Z-Tetraeftloroltftane 
Tetracnloroetftene 
Toluene 
Ollorooeuene 
Etllyl oet~zene 
l.l.Ot eft I OI'OOiftZiftl • 
1.2·01Cftlorooenzene 
1.4-GtcftlOI'OOinZiftl 

~D • not csettrwnn ... 

Retlfttton tt• 
(111") 

ColUIII Ll 

Z.l 
3.1 
3.8 
4.6 
6.4 
8.3 
9.0 

10.1 
10.8 
11.4 
1Z.l 
13.4 
13.7 
14.3 
15.7 
15.9 
16.5 
17.0 
17.1 
17.2 
17.Z 
18.5 
19.8 
22.1 
22.Z 
23.5 
24.5 
25.4 
33.9 
3!.0 
35.4 

'-ttloel 
CSit Kt 1Oft 11111 t 

(1!>9/1) 

1'40 
~ 
IG 
1'40 
2.a 
ItO 
z.a 
4.7 
1.6 
1.6 z.a 
3.8 
z.a z.z 
6.0 
s.o 
1.9 
4.4 
3.1 
5.0 
~0 
'40 
4.7 
5.9 
4.1 
6.0 
6.0 
7.2 
~ 
1'40 
1'40 

•tolUIII concstttons: C•raopac& 8 (60/80 mesn) eaatiG wit~ 
1~ SP•1000 PICXIG in 1 6-ft ~1 z~ t.O. glass column with ntliwa 
car·rttr ~~ it 1 flaw ratt of 30 ml/lll'in. Column tiii!Dtratul"t is 
isotnt~l at 45" C for l m1n, tntn progr....o at d" C ~·,. ~tnutt 
to Z20" ana nelc for 15 ~1n • 
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4.2.1 ihe ourg1ng cft..aer ~ust oe ~es1gnea to •ceaot S.-1 or 
ZS.-1 S..OleS wltft I ••tar COiwan It letSt J Ql ~eeg. ihe CJISeOUS ~et~ 
soece O.tWMft tN .. ur colwan ina tM trao ,_,,, neve 1 total volu~~e of 
leu t111n lS ••· The purge gu •n pus tftrou9ft tile .. ur col Yilt .s 
ftnely cS1v1ded buDDies •1tft 1 ~1-.t .. of less en.n l • IC tfte or1g1n. 
T?le purge gas •st M 1 ntroauc:eca no 110,.. tftln s • tra. tne a.sa of tna 
WIUr col__.. ~~ ourg1nt eft._.,., t t lustraud tn Ftgura l, ..cs 
tllaa cSH t gn Cl'1 tan a. 

4.Z.Z The trao •st De te lun 25 e~a lont 1nd l'ltve .,. ;nstcSa 
41~ .. of It l~&st 2.5 •· The trao •st oe peaea to =ntatn tne 
fallowtnt .;nt- left9UI-of .. dsorMnu: 1.0 c:a of llllft1l•s1ltcona
=auct ~atnt (Section 5.3.2), 15 c:a of 2,5-ca1pnenJ1•• oatcsa ooly•r 
(Section 5.3.1), 1nc1 a c:a of stltca gal (Stctton 5.3.3). The •tnt
soac1f1cattons far tne trao are tllustratad tn Ftgure 2. 

1.2.3 ihe csasoroar .ust ~· caoeole of raotdly l'lett1nt tna trao 
to tao• C •1tntn 30 sac. The ooly•r sect1on of tfta trao snould 
nal De nauea ft1gfter tftln 110• C Ina tna rae1n1nt sacttons Sftould not 
eJCCHCI 220• c. The csasoroar csastgn. 1lll.1stratad tn Ftgun 2 • .us 
tftHI crt tart a. 

4.2.4 The purga-tftd•ti"ID di¥1CI INJ M liS-ltd IS a Stflii'IU 
wt1t or r. couolaa to a gas "'raMtotraon 11 111ustratad tn Ftgures 3 
iftd 4. 

4.3 GAs "'raMtotraoll/ ... s soactro.c .. sysc. 

4.3.1 Gu ~raatotraoll: An analyttcat syst• c~letl witll 1 
~ratu,..-oraqr ..... la gas "'ra.atograon and 111 requtl"ld 1ccassor1es 
1nclua1ng syr1nges, ln•lyt1cal col~. lnd gases. 

4.3.2 Colu.n: 2~ z 2~ t.o. s~1nless Still 0~ gliSS, ~IC&ed 
wttJI 1~ SP•1000 Oft 50/110 .an C•rOOPICl a o~ equivalent. 

4.3.3 111111 soecu~r: Cloaole of scanning fra. 40 to 250 ~
every 3 sac or less, ut111z1ng 70 volts (na.tntl) electron tnerqJ 
tn. tna electron f..U 1on1zn1on 111001 .na gracuc'ing a 111111 s;ac~rua 
"'"'"' ..cs all tne crit.-ta tn TIDle l ..,..,. so ng of 4-oraMfluora• 
aanzena (BFI) ts tnJtctld tftrautn tna GC Inlet or int~aauc.M tn tna 
;~Urge-enG-crag .... 

4.3.4 GCI"S 1ftCII'flce: Ally GC·Co~S tnurtace tftlt gtva 
acceocaDia caltllrat1on oo1nts It 50 "' oar injection for ea"' c~a 
of t nurest 1nd &Cil1 eves acceouo Ia tunt ng gerfarNnct ~itlr11 (see 
Stctton 9) 11111 01 used. GC•CO~ tnurlacas c:cnsuucua of 111 ilUs 
ar gllss•linacl tMUrtals .,.. ,..c~msea. ~lass can 01 ~eactwttaa tly 
stlan1z1nt w1tn ~1cftloroa1..cnylstline. The interface ~st ae ~oaale 
of transoort1ng It least 10 ng of tfta c:=aoonents of lnta,..st tra. tna 
li: to tne ~s . 
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4.l.S Olt& syst .. : A ~omoutt~ syst .. muse Ot intt~faceu ta tnt 
~ss sgecc~aaett~ tnac allows tnt conttnuous IC:Qu1Stt1an &nO sta~191 an 
:nacntnt-t' .. O.Dit IIICI11 of &II lti&SI SQICtl"l ODUtnM ti'I~OU9ftau& tnt 
121.1~u1on of tnt Cl'lf"'OMUf~IDfttc progr... iht ~CIIOu&er IWUR nave 
software tnat allows se&I"Cft1ng uy GC/MS data f11t to~ tans at 1 · 
spec1f1c: 111&11 lncl plott1nt SUCII ton IDurtCIIftCII Vlf'tUI tt• or SCIII 
,_,_.,.. T'Ms type of plot ts dtf1ntcl II Ill Utl"l~lll Ion ~r,..n& 
P.-of11t (EICI). Software •n also be natlaalt tftu allows tnt19r1&• 
1n9 tl'te ID~nct tn lftJ EICP bet ... sgectf1H tt• or sun ,.._.r 
11•Us. HII'GW&rt 1nc1 soft.~,.. IIUR De &vtt laO It to transfol'll tfte oau 
tn&o • c~ttDlt fo~~. These gentrally consist of • 9-tncn. aoo-oot 
UCII Clrht MO tfte IIIOC11UG soft .. re. 

4.4 S..lt transfer 1 .. 1.-.ts: t.ol-..&s are requtt"''CC to transfer 
po.M:tons of sol t ca. s .. uoltcs, lftCI ltqutcs -a us fi"GG s ... le con&atntrt to 
l&l:»antoi"J gl11s .. ,... The transfer •n De acco-.ltsnect raotcsly to &votca 
la:u of volu11e Cl JOrt~l caurtnt tne cransfe.- stlt. l.tqutcas III&J De trans• 
fell'l"ecc ~•tnt 1 nypooel'lltc sy~nte wttft a •tcae-oort ,. .. lt or no nteealt 
atUCIIeel. S.Oin SMu14 be tn&rocauc:acl tMo tl'le sy~1nge 01 (1) .--wtnt 
tftll plunger fi"QII tfte sy~1191, (2) pouring tne s-.le tnto tl'te DIM"tl, aftCI 
(l) rttlactnt tfte DIM"tl 1nc1 tnverttng tfte sy~ntJe to ,....,. any atr craocaecl 
tn tne sy~nte. Oo not c&raw tfte SUIDlt uo tnto tfte sy~nCJe. Soltcas IIIA1 De 
tr•tnsftM"M ~stng 1 convtrt~1onal laooratOI"J spuula, spoon, or co~ng atvtc:a. 
A ':or'ing Clt¥1ct Utac 1s sutualt for ,1rte11tng s .. SUIDlts "n De III&Cie Dy 
\IS 'I ng I g lUI CUlt ft9 SIW to Q&t IWIY tl'lt C 1 OSICI eftCI of tfte DIM"el of I g lUI 
rtyiJOdtl'll1 c sy rt nge. 

50 

75 
H 

M 

173 
174 

175 

171 

177 

rAIL! 2. an UT ION AIUNDMCI CUTERIA 

15 to 401 of mass 95 
30 to 601 of 111111 95 
11M Ptll, 1001 Relltht AOurtUnct 

5 to ts of 11111 95 
ltsa a~u zs of 111111 174 

gNUr tltU 501 of 111111 U 
5 to ts of 11111 174 

g,...et,. tl'1an 95S out less "tl''ln 100S. 
of IIIII 174 

5 to 91 of ~~ 175 
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5.1.4 ~e19ent ~tar uy •I to oe purc:nueca uncer ene n._ "HPI.C 
.. ter• f~aa several menutac~urers (Burutc& •nca Jlc&son. 31ker 1na 
·-.ters. Inc. ) • 

5.2 Reettnt PE&: Reatent PEG ts 4eftneca as PEG ~av;n9 1 naatnel 
nerate •Jecul•r .. igftt of 4QQ, •nca 1n llfttca tnterflt'lnU .,.. not obseneca 
n tfte ~11011 4etectton 11•tt tor ~cas of tn~ereu • 

5.2.1 ReiC)Ml Ptfi ts Pl"eOII"'el Qy pur1ft~t1on of c:~rctal PEG 
navtn9 • ~NI ewerage •leculll" •tgnt of 400. The PEG ts placeca tn 
I t"'UfteleMUC. flll& tqUiCtl*l wtUI I StiftCIII'O Ueter jotM, IIICI tl\e 
flesl ts aff1xeca to a rvcary evtooracor. ~e fl1sl ts tm.erseca tn • 
... cer tlltft u 90-ioa• C anca vtcu• ts metntetneca n less tftln 10 • HCJ 
for u leen 1 ,,. ust119 a t'IIIO-ttaCJe -.cttentcal p_,. ~e vecuUII 
sysc• ts equtol*l atUl 111 all-9l1Ss erao. -..uca ts •tnutneca tn • cary 
t ca/..UUOI OIU. 

s.z.z In oroer to ca..anstrate that 111 tnterfer1nCJ volattles 
l'llve IM .. rw.aveca f..,_ tfte PEG. I ~CJeiiC wecer/PEG blink 1111" 1M 
anelyzeca. 

S.l Trao lllter1a1s 

S.l.l 2,5-G1DheftJ1ene oxide pol~r: 50/80--.tft Tenu, c:hraaeto• 
graontc grade or equtvelenc. 

S.l.Z Mttft71 stltcone oec&tng: 3 perc1nt OY•l on 50/80 ... ,. 
Olra.osoroet~ ol" equ1 valent •. 

S.l.l Silt~ gel, Olvtson Ch .. t~J (35/60 mesa). graae•l5 or 
equh&lent. 

S.l.4 Preo•,... traootn9 col~s ~1 oe purcneseca fraa several 
c:hi"OIMtotraofty SUJIII t VI. 

5.4 ~Cft&nol: ctts~1111d•tn-gliSS quelity or equ1v1lent. 

5.5· ~1 tbra~ton sunca.roa: stoc:l so hat tons (2 IIICJ/111): Stoc& solu
tions of caltDracton sU~~Mros 1111 be Pl"eOII"'CS frta pure suncaero llllttr1als 
or pui"Cftlsecl 11 cart1f1M so1ut1ons. Pl"eDII"' noc:l scancaero soluctons of 
1ncatvtdUII ~ tn .cftiM1 ustn9 asuyeca ltquicss or gases 11 ICtPI"O• 
ilt'11te. a.uuse of Ute toztctty of sa.e of ene or~Janonal tees. Pt''illll')' 
~11uttons of tftese •tar1a1s saould r;,e preoarM 1n • "oocs. A NIOSH/M£SA
•oprov .. eoxtc gas resotrator snoula oe worn oy 1111lyses wnen ~anca11ng htgft 
eoncancractons of t~tese •urtals. 

5.5.1 Place aoovc 9.8 111 of metftanol in • lO~I gl"aund-giiSS• 
stoooe,... vol~tr1c flask. Allow tne fl1s& to stanca. unscoppereca. for 
.oouc lO ratn or unt11 111 •Jcoftol ..... ctiiG surfaces "Ave csr1ea •. ,..'igft 
tne f1 as& eo tl\e neera~ 0.1 :119. · 
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concentrations ~reDired lftd tftt ..aunt of solutton •~cad to ••en saaolt 
sftould oe tftost required to gtvt an ..aunt of eaen surro91t1 tn tne gurqinq 
oevtce tftlt ts eqU411 to tftt -.nt of tiCII tnurnel st~noro •cs~. usu•tng 
I 1001 I"'KOYII'J Of tfte SUrf'OtiU SCiftllat'GS. 

5.8 Inttt'ftll SUftal"dl: Ift tftil .CftOd, tnUt'ftll SCiftllll"dS are ... ,a, .. 4Ur1nt anal,s1s of all s ... les ~dUring 111 e~ltbratton ~rocaoures. 
T1'le 1Ml71t •st sel~ one or.,.. internal scenaras uec are st•ilar tn 
anal7t1cal oea.vtor co tfte c•IUMI of tntaren. Tbt anelyn IIUSC furcner 
4-Rratt tftlt tM IIHIU,.... of tftt tnur,.l stlftOI"d ts not attectM 1:11 
aetltOd or •tria tntarftf'efleft. Stc.aust ot tJtest lt•ttactons, no tnurnal 
sUIICIII'CI CM bt SUCJCJest .. tMt ts .,1111CUlt to all s•les. However, for 
general use, D4•1,Z-Gtcftlof"Gitlllne, Dt-4Ntnztnt, anca O§ .. tiiJiblnzent are 
I"K RMd IS 1nttrMI SUftelil"dl COYtr1nt I •141 1'»011 tng POint rlftCJt. 

5.t 4-lrallfluorootflltM (IFI): llfl ts a4Citel to tnt tnUt'ftll SUftClAI"G 
solutton or anai7Z .. alone to ptN1t tftt qu spectre~~Ker tuninCJ for tec:n 
GC/MS I'WI to be cntcked. 

5.10 Inttrftll sUIIMI'CI so I ut ton: us 1"' tftt prOC8Clures ~scrt btca t n 
Stettons 5.5 aftd 5.1, """"" 1 ..uuol1c solutton cancatntng eacft tnumel 
stanoi'CI at 1 conC~~Rracton ot 12.5 1'4/•1. 

5.11 Sodtua _..,.,caragen pnosp~~au: z.a " tn dtscttl .. .. ur. 

S.lZ n•ltonane iiiCI ne4ocatcane, 98+1 purt ty. 

5.11 N•Ma&ldtelftt, 41sttll .. •tn-tlass (Surcatck anca Jackson, or 
equhlltnt). 

S.Q ~le Collectton, Handling. and P~se~lt1on 

6.1 All s..-les ••~ be call~ .. us1nt • se .. l1n9 ~ian tftlt aaaresses 
tnt ~ons1aerat1ons dtset~IIM tn s.c;on Ont of tn1S rNnU411. 

5.2. All s ... lta •n De sUI"td tn Teflon·l1nec& screw e~o vials. SUole 
~owta1ntrs snou14 Dt f111 .. as c~ltt1l1 as ~oss1Dle so as to •tn1•1ze 
l'lteciSHCe or vo14 SMca• '11111 conta1ntnt l1qu1ca Sllllll• snou)a oe stored tn 
111 tnvtrt .. posttton. .· 

5.3 All s ... lta •st De tcacl or I"Wfrtgeratael fr"c:. tnt t1• of colltc:tlon 
to tnt t1• of an•lysts, enca sr•lca 01 procacuca l'rc:. I tgnt. 
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14 I ORGAMIC ANALYTICAL METHODS • GC/MS 

in~lua1ng tne tntern1l stanaaras. C.lculatt response factors (RF) 
for ~~~ COIIIC'OUnCl IS fo II OW$: 

As • A,... of tfte pr1NI"J dtaract.,.1stt~ ton for tne c~unca 
to t1e •uu.-.ca 

Ats • Al"tl of tn1 pr1mlf"7 dtaracttr1St1~ ton of tnt 1ntern11 
SU114UMI 

Cts • Concantnt1on of tftl 1ntern.al stlftCliMI 

C, • ConC8fttl"lt1 on of tn1 ~ to t1e liiUurlel. 

11'11 1nUI"ftll staneliMI selectlel for tile e&l~Yllt1on of tfte RF of 1 
c:QIIIIOUIICl 1nct suosequ1nc quanc 1 f1 "c 1 on of tne =-oounca ; s gene !"Illy 
tne tntll"ftll nM«MMI tftlt ltll I t"'t•t10ft tt• ~lOIISt tO tftlt Of 
tne ~. It 1S USU8M tftlt I 11netr e&l1Drat1on plot wtll Dl 
oocai....a over tile r'11ft9l of c:oncancractons ~&~eel. If tne AF v1lu• 
over tile won1nt range 1s 1 c:onsunc (less tftan lOS re1U1vl 
StlftCUMI CIIY11t 1Oft ) , tile AF C&ft M II SU8M tO D1 1 ftVIMint , I net tftl 
aver191 RF c:an t1e usee~ for cal~ulactons. Alternat1vely, tnl 
results c:an tie used to plot 1 c:al1brat1on curve of resoonse rat1os, 
As/Ats. versus RF. 

7.1.3.4 1'111 Af IIUst De ver1f'1eel on Heft wor-c1n9 ~y. Thl 
c:oncantrattons sei~ICl snould De near tile llliClP01nt of tfte wortt1ng 
l"lnge. 11'11 t"'IOOftH factors oou1nlel fof' tnt c:al1brat1an stlftelii'CS 
anllyZICl 1m.te11tlly DlfOI"t lftel after I SIC of Sl-oltl ~St 01 
wttn'in •ZOS of tne t"'IOOftSI fa~tor YSICl tor q~nt11'1c:atton of :.ne 
SUIDll 'QftCifttl"lt10ftle 

7. Z 0111y Gt/MS perfo,...nce UIU 

.·7.%.1 At tne Deg1nn1nt of tleft day tftlt analyses are to ~• oerfoMnlel, 
tfte GC/MS sysc• •st De cftecitiCl to see tftlt •~c:aouole perfot'lllln~• 
c:r1ttl"11 are 1Cft1 ..... for 8FI (sn Tule Z) • .. 

7.Z.Z The lA perfo,...nce test requires tnt follo•1n9 instrw.ntll 
lltr...Cirl: 

E1eccron Enerv: 
~~~ ~nge: 

SQn Tf•: 

70 volts (naainal) 
40 to Z50o uu 
to g1ve aporoa1mately 5 seans ger peak ~ut not 
to e.1e110 l sec plf' sc:an • 
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dur1nt tfte sftaktnt process, sontfy tfte •1xture tn 1n ult~asontc 
oatft for 30 •tn. Allow ~fte .ta~ure to stanG unt11 a etta~ 
suoernet&«& ts ootatneG. Centrifuge tf necassarJ to factlttatt 
pftase IIPI~&t1on. 

7.3.%.4 ANIJZI I 2-1'1 altquG& of tftt n-ht.UdKIM su;er• 
nauac us tnt tu canat t 1 ana dncr1 Dell t n ~ 1 an 7. 3. z .1. Ottef"'l'fne 
tftt tac~ 1 1,... ,..,,... of all CCIIIIIIOMMI tl ut 1 "' p rt or to tJte 
r.cuc1on tt• of " ctOdecane w suocract tftt co~res1101H1int ar"'e of 
.,. n_....udKIM lalana. uatnt tfte .,.... rest .. • factor ~etel'll1n.a 
tor n-tta~.,. tn Seeton 7.l.z.z. calculate ue TVC u follows: 

TVC • toUI volat11t cantem of tftt s-.le tn 119/t 

TAI,_te • tacal area r"'StGMt olaUtneG tor ue s-.le 

TMbtanlt • total lr"'l r"'ltiGMt olaUtnecl for a lllant. 

7.3.3 TM transfer of an a11quac of the s-.le tor tzcractton 
wttll ~~ or PEG sllaulct be •• 11 qutc&IJ as posstlalt to 111nt111zt 
loss of 'f'Oiattln ,,... tfte s-.le. 

7.3.3.1 Tel a so .. 1 glass c.mr1f'tage tuDI wtt!l Ttflon•1tnH 
cat. add 40 •1 of '""""' •C~~Mol or PEG. Wt1gft tM c&tPH 
~ntr1fuge tuDe 1M ..u~nol Ol" PEG on an analyttcal ~lance. 

7.3.3.Z lla1nt an IDO~r11te 1~~tl-.t (see Stet1on 4.4), 
tt'IIISfV 1110ru1-Ul7 Z 9 of s._lt to tftt •tllanol 01" PEG tn tftt 
~ntrtfuCJe tuDe tn sudl a fasllton tftu tftt SUDlt ts ~tssohH tn 
or suo. ... t11 tae ..utanol Ol" PEG u qutdtly as posstDle. Take 
c.ar"' na& to tauGI tile ••'•·transftl" 1~~~tl_.. to tftt .uanol or 
P!S. Recall tile cucrttu .. tuDI ta.cltaUly anca .. tgft an an analy~1cal 
1:1111anca to ctet_IIWt• u accurate s-.le .. ;g~~t. 

7.3.3.3 D11Nf"' .. tfte s-.11 J)y v1gai"GUS 191tU1an fOI" l ~Wilt. 
nte 8t nu,.. .., M 191 Utld ..,...111 ol" w1 tft tftt 11 d of 1 vortu..-t u~. 
If tae ._,. ca.. nat d1so•"• dUr1nt tft1s procns, son1fy tftt 
atxcu,.. 111 1ft taltrason1c 111~11 for 30 .tn. Al tow tofte .t ~ure to 
RaM unctl a c:l•r supernaunt 1s oou1nH 11 tftt s~~~~Jle ex;ract. 
c.ntr1fute tf necasllr'7 to fac111tut pftase stStal"at1on. 
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7.3.5.2 At tne cancluston of tne ~urge t1me, ldJust ene 
~•tee to tfte oesoro liMe, 11111 Mttll tfte GC/I'IS lftllys1s 1nc1 aua 
&cqutsttton YStnt tftl folla.tnt GC operattng coftdtttons: 

Colw.n: 6•ft a z~ 1.0. gi&Sa colu.n of 11 SP•lOOO on 

C.I'OO-tNCl • (60-10 -··· 
r-..ratu,..: Isotftlf'llll ., ,,. c l'or l •tn, tft .. tncrusecl It 
a• C/etn to 220• C, and .. 1ntatnet at zza• C l'or 15 •tn. 

Concuri"'M ly, 1 ntrGIIUQ tfte trat- •tr1a1s to tile GC co I u111 ~ 
raptdiJ ~••ttnt tftl tra• to 110• C ~11e ~flusfttng tile trap wttn 
~ltu. at a flow rata of 30 el~tn for 4 •tn. II' tft11 raptd 
~utng .-.qut......C CIMOC M IIIC, tfte GC col.- •R M uSecl U I 
scana17 tr111 ., caoltnt tc ta 30' c or la.r ourtnt cne , .. tn 
*-" suo •• SUrt1nt tlte QC Drotr• atur tft• oesoro step • 

7 .3.5.l Recur~~ tft• Purte-tncl-&ra• oevtca to tfte purge IIIOde 
•• c:anttnue Kqtatrtnt GC/MS uta. 

7.3.5.4 Al"l• tfte tl"lll to cool for a •1n. Replace t~t• 
IIU1"91"9 en-.. w1ta • clean Purt1nt ~r. The purgtng crt.-.r 
ts c:leanM after 11e1 use D1 S8Ciuen&1a1 .. sfttnt wttft acetoM, 
..u.nol, oec......- solution lftCI 41st11leG .. ,_., IM tften orttld 
It 101• C. 

7.3.5.5 Close tftl syr1n91 ••I•• an tfte purgtnt CftleDer 
1ttr 15 sec to Det11t gas rlow tftroutft tn• tr••· Purge tfte trap It 
-tent ~ for 4 etn. RKCIICI1t1on tfte ,,.., DJ ltHttng tt 
to taa• c. 0o IIGC allow tftl ti"IO t-ra=" to UCHd 1ao• c, 
Stnce tfte S0"1tC10ft/OISOI'IR10ft ts ICIYersely lffecteel wnen tl1e ti"ID 
ts l'leiUCI to fttgller t-ratures. After ~•attng tl1e traca for 
ICIOroat•tely 1 111n, tul'ft ott tile trao neater. iiftM cool, ;ne erao 
ts ,..._ for Cftl ned ._.ie. 

7 .3.4 If tile ,... ...... for 1111 ton aca..as tl'le ""' n9 ran9e af tfte 
sy~•'-•• ,..,.., tile Mal1111 ut1ft4J 1 correscaoncatngl1 s11111er &ltquat of 
tntL ..._,. uuact Ulcrt• tn s.ctton 7.l.Z.l. 

7 .il ()&al tcact.,. 1dMC1f1cac.1on 

7.4.1 ~U1n M EIO for tftl cart•l7 Cftaractr1sctc ton and It 
l .. IS, CliO ftftlr wrauertn1c: tons for Heft c~d .,.,..,. e~racctcal. 
'"'•• folla.tnt c:rturta ..n De ..c to lltlle • qualttK1ve ioenttf1cat1on. 

7.4.1.1 The Cftarauertst.tc tons of eecn C:QIIIIOUftd af tnuren 
111111 IIUtetze tn Cftl s- or wttft1n one scan af ••"' ot.ner • 
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8.2.1 Analyze four altquots of tfte unsotked cnecx sample 
.tc:c::.Htn9 to tne ~~~ecnoca tn Sect ton 7 .l • 

a.2.2 For e.cft ~ to 1:1e ••sunc~, select a sotke 
concawtratton ~rws~'ttve of twtce tftl level faun~ tn tne unsotked 
CfteCI s-le or a leftl equl to 10 tt- tile UMC'tM ~teC'tton 11111t, 
llfttc:M'IW ts g,..ecer. ,,....,.. a sptktnq solutton D7 ~tssoh1n9 tne 
~· tn •cnuol at ue ~ttPr•ruu levels. 

a.z.l ~tke a •tnt- of four al1quou of tftl cneca w•le wttn 
tne sptktnt solution to aeftte'le tftl selecteo sptke concantrattons. 
Sotke tne sa•les Dr ~~~tnt tftl sptktnt solutton to tne PEG uset for 
tne U'tractton. Anai1Ze tile sptkel al tquou accaratnt to tne 11etn0C1 t n 
Sect 10ft 7 .l. 

a.z.• C.lculate tM averate "I"Ceftt rtcove,., R, anca tne 
suftelaH de'ltattan of~ ""cant I"'CO¥ef7, s, for all ~~ an~ 
surrotate stlftelara. llc&ti"'UUICC correc:ttons ••t De ..cae Defore R anca 
s ulc:ulutons are perfo,..... The averat• oei"C8ftt I"'COftf7 IIUS't 1:1e 
i"ater cnan 20 for all ~~~ to t1e ••surw aM greeter tnan 60 
far all SUrf'09Ue c:aiiMUftels. The oerc•nt rtlattve stan~are aevtatton 
of tile percent I"'CO'Ief7, s/R x 100, IIUI't 1:1e less tllu 20 for all 
c.....,.a to t1e IIIHIUncl and all surr01JU8 ~s • 

a.l n. analyst IIUit calculate llletlta~ oerfol'lllnce crtteria for eadl 
of tile su,.,..u stant~ara • 

a.l.l C.Jculau upper and la.er =ntrol l1•1ts for 11etfto~ 
l)erfoNinca for eadl sur"'9aU st&ftii&I'O, using tne ulues for R anca s 
c.~IC'IlatM tn ~10ft 8.2.4: 

IJOper Coftti'"O 1 L 1•1 t (UC1.) • R • 3s 
Lo.er Conti'"OI L1•tt (Ltl.) • R • Js 

The UC1. aM LCl. can tie used to eont'tl'UC't control enar1:s tftiC art useful 
In OOH"tnt C,..MI tn P8rfOI'IIIIIC8o 

1.3.% For HCft surrotaU St&ftll&rd, tne laDOra tory ~It !11&1MI1 n 
• I"'COH of tile l 1M 1 val ..a OIICI1 neo for adl surroq~u suncS&rc ; n 
eac:n .asu s.~le lftllyzed. M K'III"IC:y sut.-M snoul~ oe or~art<t 
fro. tnese diU lftCI utMAW regularly. 

8.4 rhe IIDOI'Itor,p 11 ~it'W tO spike all S~les w1Cft tne SU1'"~9at1 
sun~ara to ~a~1tor spike rtecwertes. The sptktnt level used snoulcS oe tnat 
wft1en w1J1 g1ve an ....nc tn tftl ouf'91 apD&ratus tnat ts equal to tne aatOUtlt 
of tnl Internal Stanci&I'O assua1"9 I LOOS l"ICO'Iery of tne suri"'qUI Stai1Gai'CS. 
I r tne I"'COYef7 for anr surrotau SUftlllrd ~011 ,o't f1ll wt tnln tne eoncrol 
11111ts for .cnoo perfo,..nc:•. tnt 1"\tSulu repol'1:~ for tnat sa.ple IIIUSt oe 
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TAIL£ 3. ~CURACY AND PRECISION FOR PURGEABL£ ORGAitiCS 

Rtl91f'C wuer -.st ... Ut' 

Avtt'I'Je St&ndl~ .Cvtri«Je SUndl~ 
Pti"CtM dev1at1on Ptt'CetiC ~tv1at1on 

Par...cer rwcovery (I) recovery (S) 

Benz .. 99 9 91 10 
a~ ell I ora.tftane 102 12 103 lO 
a .... tON 104 14 105 15 
a. UlaM 100 20 aa Z3 
C..-tlon tecradl 1 ori a 102 15 104 15 
Ch 1 0"*-ZIM 100 7 102 9 
Ch1orooeu.ne 97 zz 103 31 
Z-th1oro.cn,t vinyl etlter 101 13 95 17 
Cll1orafo,.. 101 10 101 12 
Chl~- 99 19 99 Z4 
01bra.aca1oro..tftane 103 ll 104 14 
1,1-D1cft1oroecaane 101 10 104 15 
1,2-D1cll1oroecftlne 100 8 102 10 
1,1-D1dl1oroecaene 102 17 99 15 
trans•l,2-D1dlloroeeftlfte 99 12 101 10 
1,2-Dtdllo.-,t'QNne 102 8 103 12 
,;s•l,l-D1dlloroorGOene 105 15 102 19 
trans•l,l-D1cJtloraoraoene 104 ll 100 18 
Etfty1 benz•• 100 a 103 lO 
!'lletfty 1 en• eft 1 ori a 96 15 89 zs 
1,1,Z,Z·Ttcracn1oro.cftane 102 9 104 14 
ietracntoroecftene 101 9 100 ll 

To1u•• 101 9 98 14 
1,1~1·Tt'1cfttoroecaane 101 ll 102 15 
l , 1,2 • T 1"1 eft I oroec~Mne 101 10 104 15 
Tl"'ieftlo~,_ 101 9 100 12 
Tl"'icftlorofluora.tftlne 103 ll 107 19 
V1nyt eftlor1a 100 13 98 Z5 

S...ln wtre S01l..S QtCwteft 10 lftCI 1000 ~9/1. 
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4.6 Crimper: Hind (P1trct 113212, or equivalent). 

s.o Reasents 

5.1 Refer to Metlladl 8010. 8015. sozo. or 8030. 

6.0 S.lt C011ec~1on. Presenatton. ancl Hancl11ns 

6.1 Rtftr to Metftoe 8010. 8015. 80ZO. or 8030. 

7, 0 Pt"OCICIUC! 

7.1 Ptact 10.0 g tlch of tnt .. 11-.1xtd WIStt sa-.lt in~o three 
separate 125-ml septu• sttl vials. 

7.Z Oost one sa-.lt vtal through tht septwa wft~ ZOO ~I of 1 50-ng/~1 
metnanolic stanaara of tnt coapounas of interest. Label this •t-oo• spike.• 

7.3 Cost I separate ( ... tJ) lZS-.1 StptY8 Sill vial with ZOO wl of tht 
so ng/~1 standard methanol solutton. Label tftts •1-pP8 standlra.• 

7.4 Ptact tnt SI8Plt. 1-p~·sotkt, ana 1·oP8ooStandlrd vials 1nto 
• 90' C .. ter bltft for 1 nr. Store tnt rea~tntng s.-plt v1al at 4,0' c for 
poss1Dit future •nalysts. 

7.5 ~11t matnta1n1ng tftt v1als at 90' c. witndriW Z ~1 of tnt httdsoaca 
gas w1tn 1 gas-tight syr1n91 and analyze Dy 1nJtct1ng into 1 GC, operating 
Ynd!r tnt appropriate conditions for tnt GC measur ... nt method Dting YS!d 
(8010. 8015. 8020. or 8030). 

7.6 Analyze th! 1-p~ s~andlra and ldJust tnstru~nt sensitivity to 
ght 1 nrint .... rtsOQftl! of It lttst b tnt blc:&ground. Recore rettnt1on 
times (RT) ano p!l& are&~ of ca.poundl of interest. 

7.7 Analyze tft! 1-p,. sptktd s-.le 1n tnt s .. manner. Record RT's 
1nd P!lk arus. 

7.8 Analyze tne unaoseo SI8Pit as tn Stctton 7.7. 

8.0 Quality Control 

8.1 Befort procttstng an, s.-olts. tnt analyst should ~nstratt 
through tnt analysts of a atstttlea Wlttr methoa Dlank tnat all glassware 
1nc1 reagents are ; nttrftf'lftCe•free. Eacn t t• a set of sa-. Itt is extractld 
or tntrt ts a 'ftange 1" reagents. a ~tnod blank should Dt processed as • 
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3.1 ~ow molecul•r wetght impurities in PE& c•n bt vol•ti11zed during 
the purging proceou~. Thus, the PEG tMDloyld tn tftts mathod .ust be pur1f1ed 
before use 11 dlscrtbld 1n Section 5.3. 

3.2 Impurities tn the purge ~s and or~ntc COIIIPOUndS CNt•gutng fro. 
the plutetng ahHd of tftt trast •ccount for the •Jortty of contUI1Ntton 
probl-. The analytical syst• •st be ~tratld to be free fra cont .. 
tn•tton under the condtttons of the •nel,rsh by runntng l•Mratory ~agent 
bl•nas. The use of non-TFE plasttc tubing, non-TFE threed 111l1nts, or flow 
controllers wtth rubber CGIIItOMnts tn tnt purging davtca should be avoteled. 

3.3 s..,les can be cont~natld by dtffuston of volatile or~ntcs 
(particularly fluorocal"ttins and IIKftylene chlortde) throutft tftt s•t• s111 
tnto the sa.ple ourtng snt~ and storage. A field reegen& blank preoa~d 
fra rftgent .. ur and carrtld througft tftt s•ttng and hand11ng protocol can 
serve as 1 cftecx on such contaatn•tton. 

3.4 Contlll1natton by car,.,over can occur whenever higft•levtl and la.• 
levtl suples are analyzed sequenttally. Wfttntwr an unusually concentrated 
suple ts encountered, tt should bt followed by an analysts of reagent water 
(PE& or •tftanol solution) to check for cross contunnatton. After eadl use, 
tftt purging cft..tter ts cleaned as dtscrtbtd tn Stctton 7.12. The trap and 
otfttr parts of tftt syst• are also subject to contunnatton; therefore, 
frequent additional bllttout and purging or tftt entire syst• MY be requtrtd. 

4.0 Apparatus and Mltertals 

4.1 Purge-•nd•trast device: The purge-.nd-trap dlwtce consists of tftree 
separate pttcts of equt~: tfte purging cfta.Der, trap, and tftt dtsoroer. 
Several ca.glete dlwiCIS are ca..ercially awatlaDle. 

4.1.1 The purt1nt cn..tr •st bt dtS1gntd tO ICctpt 5 .. 1 or 
25 .. 1 Sll8111 w1U I •tar COlUIII It least 3 c:a dltD• Tht gaseous 
hHds.-.ce bet .... tftt watlf" co1u• and tftt trap .ust nne 1 total 
volu• of less tftan 15 a1. The purge gas .ust pus throutn tnt 
water colUIII 11 f1ne1y d1widld buDblts w1tft 1 d1,..ter of less tftan 
3 • at the origin. The puMJI gas 1111st be tntrOCIUctd no 110re tnan 
5 • f.-a tftt INlse of tfte water col.,.. The pur9ing cfta.Der, 
111ustratld 1n Figure 1, a.tts these dtstgn cr1teria. 

4.1.2 The sorbtftt trap consists of 1 1/8-in. O.D. (0.105-tn. 
I.D.) x 25-c .. long st1tnless st .. l tuoe p•cild with tnt appropriate 
absorbents as described tn Table 1 (s .. Ftgures 2 1nd 3). 

4.1.3 The desorblr .ust bt cap1blt of r1ptdly n11t1ng tnt trap to 
180" C witft1n 30 sec. 
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4.1.4 Tht purgt-tnd•trap ctvict may bt ass.-bltd as 1 separate 
un1t or bt coupled to 1 gas cnra~etograpn as illustrated tn 
Ftgurts 4 through 6. 

4.2 Syringes: 5-.1 and 25 .. 1 glass hypOdi~C, equipped •ttn 20-gtuge 
nlldlt, at least 15 ca tn ltngtn. · 

4.3 Micro syringes: 10 ~~. 25 ~1. 100 ~~. 250 ~~. 500 ~~.ana 
1,000 ~1. Thne syringes snoutel be equipped •itft 20-tiU91 ,..., .. 
nawtng a lengtft suff1cttnt to txtlftel fra. tne s.-,le tnlet to •ttft1n 
1 ca of tnt glass fr1t in the purgtnt Olvtce (sll Ftgure 1). The needle 
ltngtft requt,.... •t 11 depend upon tfte cat•nat ons of tfte 1Nrt1 nt dlvt c:e 
IIIPlOyiCI. 

4. • Ctntrt tuve tuDes: so .. t round-oatta. glass ctntrt fuge tubn 
wttft Ttflon•ltnlel scrw caps. The tubn ,_,,, tie .,.. .. Defore use to 
snow an approat .. tt 20 .. 1 graduation (Kt.Ole .-1212 or equtvalent). 

4.5 Centrifuge: CapaDle of accoa.adlttng SO..l glass tubes. 

4.6 Syringe valve: 2-way, witn Lutr enos (Z eeca; H~lton f867Z5 
valve equtppld •ttft one HIIRlton t35033 Luer f1tttnt or equtwelent). 

4.7 Syrin91: 5 .. 1, gll•t1ght •1tft Shutoff valve. 

4.8 Bottle: 15 .. 1, scr .. -cap, Teflon cap ltner. 

4.9 Balance: Analytical, capable of accuratllJ W119ft1ng 0.0001 g • 

4.10 Rotar.r evaporator: Equtppld •;tft Teflon-coated s11ls (Bucnt 
Rotavapor R•110 or equtvaltnt). 

4.11 vacuua PUIIIP: Mtdlutcal, tw-suge. 

5.0 Reagents 
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5.1 Trap .. tertals (SII Table 1 and Figures 2 and 3 for conftguratton). 

5.1.1 2,6-0tpftlftJltne oatcae poly•r: 60/80 •sft Tenn. 
cnra.~tovrapntc graoe or equtvaltnt • 

5.1.2 Netftyl stltcone pac&tng: lS OY•l on 60/80 mesh Chra.a• 
sorD.V or equivalent. 

5.1.3 Stl1ca gel, Oavtson Cfttlncal (35/60 .-sn), grade 15 or 
equivalent • 
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5.2 Rt191nt w1ter: A11gent weter ts ~eftneG 11 a water tn wfttcn 
an 1 nttrflrent t s not ottser¥H IC tfte •llocl dltte tan 1 1 •tt of tile 
c:Q~~Pounas of t nterest. 

5.2.1 R1191M .. ter •1 be generated b1 pua1nt til .. ,.,. 
through 1 CArbon filter bed conte1n1nt about 500 t of 1cttvetld 
CArDon (Calgan co.., •• Ftltrasore-300 or equhaletlt). 

5.2.2 A weter pur1f1CAt1an 111~ (Mtlltpore Super-Q or 
equhelent) .., be used to generate reetlft& .. tlr. 

5.2.3 Reatlft& water.., also be ,,...,.. .., llo111nt .. ter for 
15 atn. Subs....,.ClJ. wft11e •tntatft1nt tfte t•lf'ltuN at to• C, 
butlble 1 cant•tntnt•f,... inert 911 ttlroutn tile .. ter for 1 llro. 
Whtle st111 hot, transfer tt11 .. tero to a narro• -"' scrw .:-. 
battle 1nd s .. l wtttt 1 Teflan•H• s•t. and ~· 

5.3 Reagen& PEG (polyetftfllftl tlJCOI; foro soltd 1 ... 111): Relllftt PEl 
ts ~ftneG 11 PEG llnint 1 na.tnel avertttii011CU1ar Wl1tftt of 400, and 1ft 
wntcn tnterferlllts are not otlsll'ftd at tt11 ..tftoa dltecttan lt.tt for ,_. 
pounas of tnternt. Mltftanol .ntcn hal tlllft Cl1st111H tn glass cu be usld 
11 i substitute for PEG. 

5.3.1 Ali91ftt PEG ts p,...,.. b1 puroiftcattaa of c~ta1 
PEG lllv1nt 1 n•tnal average •lecular •1tnt of 400. 1M PEl 1s 
placeca tn 1 raunca-Mtt• flu& equiPPH wtttt • stancllrcl t10tr Jo1nt, 
anca the flask ts affixed to 1 ratar.r eveporator. Tile flask is 
;-.nlcl tn 1 weter batft 1t 90-100• C anca vecu• is •intaiMCI at 
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less thlft 10 • Hg for It least 1 llro using 1 t..-.uge aedlantcal p-.. 
Tile vacuu. SJst• ts equtppiO wtttt 1ft all-glass troap, .ntcn ts •intainee 
1 n 1 41"1 1 cel•tftlftol bltft. 

5.3.2 In or'dlr to ~trate that all tnterfer1ng vo1at111S 
hiYI bHft r.DWd f,_ till P£1, I r'llglnt •tter/PEI bllnl •st be 
analyziO. 

6.0 S•l• Colltetan, Prnenettan. anca Hancaltnt 

6.1 Refit' to _.._. 8010, 8020, or 8030 for pertinent 1nfo,..tton. 

7. 0 Pr-oclclurn 

7.1 Ass..-le the purge-~IMI•trap catv1ce (s11 F1gur'll 4 thrautll 6). 
Pur'CJI parueters to be used Cllttlncl an tile c~IICII bl1nt IMlJZICI foro; 
s11 fable 1. Pack ttse trap 11 ,,._. 1ft Figure 2 or 3 anca concatttan 
overn1gttt at a n•intl uo• c bJ blc&flusn1nt •1ttl aft tnert gas flc. of at 
l11st zo •l/111ft. 01111, proior to use. concatt1on tnt troap for 10 111ft b1 
blc&flusnint at tao• c. 
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7.8 Replace the syringe plunger and caapress the sa.ple. Open 
the syringe valve and vent any residual atr wn1le tdjusttng the s--.le 
volu.e to s.o ••· Stnca thts process of t&ktng an altquot destroys tfte 
valtatt1 of the Jtquta s..,Jes for future aMlysts, the analyst should 
ftll 1 secona syrtnge at tftts tt .. to protect 191tnst posstDle loss of 
diU. 

7.1 Attacft the syringe-.elve ass ... ly to the syringe valve on the 
purging dlwtca. Opeft tfte syringe valve ana tnjecc tfte s..,le tnto the 
purgtng eft_.. Close DOtll valves lft4l purge the -...1• for the tt .. 
spec1fted tn Table 1. If MetiNMI 8020 •ill De used for an.lysts of 
tfte s..,l •• ar, the trap Dy M1ntatntnt a flo. rate of 40 •ll•in di'J 
purge for 4 •tn. 

7.10 Attaca the trap to th• cftra..tograpn, and adjust the device 
to the desoro ..,.. Introauc• tfte trapped Mtertala to tfte 6C col.-. 
by l"apidly hHttng tile trap to th• DICkflulft t.....,.ature tncltcned tn 
Taole 1, _..tle b1Ckflush1ng the trap wttft an tnert carrier 911 at 
ZO to 60 •ll•in for 4 •tn. If raptd h .. ttng cannot De aeftteveo, the gas 
chre~~~tograpntc col.- ••t De useo 11 a secon411"J trap by cooHng tt to 
30• C (or sua..tatent, tf prool ... persist) tnst ... of the tntttal progr .. 
t.-perature of 45• or so• c. 

7.11 Return the purge trap devt ca to the purge IIOCie. 

7.1Z Allow tfte trap to cool for 8 •tn. Replace the purging ca..oer 
•1th 1 eleu purgtng chiiiiOer. Tlle purgtng cft-.r 1s cleanecl after .. ca 
~se Dy sequential .. sfttng w1th acetone, -.tftanol, d•t•rtent solutton, ana 
dtsttllea .. ter ana drying at 1os· c. 

7.ll Close the syrtnge valve on the purging ch..O.r after 15 sec to 
begtn gas flow througft the trap. Purge the trap at a.tatent t..,•rature 
for 4 •tn. Reconattton tfte trap tty hHttng tt to 180• c. Oo not allow 
tfte trait t-...rature to eacaecl 180• c. since the sor,tton/aesorptton ts 
aavers•ly affect .. bf hMtint the trait to htgher t..,.ratures. After 
l"teattng the trap for approatMtely 7 ll'tn, turn off tile trap llelter. \llten 
cool. tfte trap 11 rH411 for tile neat s~~~~tle. 

7.14 The an.lysts of Dl&n&sts .. , 111P0rtlnt 1n the purge-ana-trap 
techntqu• s1nce the purt1ng oewtce lftd th• trap can Deco.. cont .. 1natea 
~Y residues fra. v•fJ concentrated ,..,aes or by v1pors tn tfte laDOra• 
tary. Prepare Dlanks Dy f1111ng a s..,le Dottle witft organtc-fr .... ter. 
Blanks should be·S .. led, stor.d at 4• c. ana tnalyzeo wttft eacft group of 
SIIIPlll. 
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REASON FOR REVISION: Revise section 3. 3 

1.0 PURPOSE 

2.0 

1.1 

SCOPE 

The purpose of this section LS to provide a guideline for 

operation and maintenance of the Ultratip Probe WW-201 System. 

2.1 This document covers the correct handling requirements for 

using the Ultratip Probe WW-201 System. 

3.0 OPERATION 

3.1 Place the Ultratip generator on a secure flat surface, which 

allows adequate ventilation on either side and back of the 

generator. It is extremely important that ventilation be 

provided for the Ultratip generator to avoid overheating of the 

system. 

3.2 Use a large clamp to support the motor transducer and horn on a 

ring-stand. The tip of the horn should be immersed in liquid 
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4.0 SAFETY 

4.1 Since aerosols are produced from the solvents used, the motor 

transducer and horn assembly must be used in the hood. 

4.2 The ultrasonic tip is designed to disrupt cells. DO NOT TOUCH 

the tip while the probe is in operation or immerse any fingers 

into the solution. 

4.3 Never use carbon tetrachloride in conjunction with ultrasonics 

as it decomposes into the toxic phosgene gas. 

4.4 The noise output from sonication will vary depending on the 

volume of substance being sonicated, power level and type of 

tip being used. Ear protection will be available to the user 

and should be worn whenever the noise level is irritating or 

for prolonged time periods. 

5.0 MAINTENANCE 

5.1 The horn is equipped with a replaceable (ES) tip, and satisfac

tory results will be obtained only if the tip is properly 

installed. A loose tip will produce localized heating and 

substantially reduce power. A 1/2 inch box wrench is used for 

the ES tip. When installing the tip, wrap a one inch length of 

Teflon plumber's "Tape Dope" clockwise around its threads and 

tighten until firm. The manufacturer states that 80 inch 

pounds of torque should not be exceeded. Tightening beyond 

this limit may fracture the tip so caution should be exercised 

in tightening. A silicone grease should not be used because of 

its interaction with the solvents used. 

5.2 If the micro-tip is required for small sample sizes, use a 7/16 

inch open-end wrench to install it. 
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321-SP-001, -004, -008 
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RE~ASON FOR REVISION: 

New Edition of SW-846 

1.0 PURPOSE 

The purpose of this document is to establish a guideline for procedural 

adaptations of the EPA-QSW SW-846 "Method 3550 Sonication Extraction". 

2. 0 PROCEDURE 

The modifications of Method 3550 (Method attached) normally applied in the 

Sample Preparation Laboratory are outlined as follows: 

2.1 Section 4.0 of Method 3550 is modified in the following section: 

4.15 Drying column: Funnel, packed with a plug of silanized glass wool 

and 3.5 em of adsorbent (approximately 80 grams). 

2.2 Section 5.0 of Method 3550 is modified in the following section: 

5.2 Methylene chloride will be the solvent for all extractions unless 

otherwise specified in the extraction workplan. 

2.3 Section 7.0 of Method 3550 is modified in the following sections: 

7.1.1 If a water layer is murky or not well separated from sediment, it 

may be necessary to homogenize a wet sediment/soil. Ask the lab 

manager or project sponsor for guidance when in doubt. 

NAME /DATE 
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7.4.8 The concentration step will not necessarily take 15-20 minutes. 

The time required depends on the volume of solvent that needs to 

be removed, and the bath temperature that is specified (if any). 

7.4.9 If a solvent exchange is required (as indicated in Table 1), 

begin adding the exchange solvent through the top of the Snyder 

column when the volume of the extract has been reduced to about 25 

mL. Add the exchange solvent in portions ( of less than 10 mL 

each), at a rate that does not cause the boiling of the extract to 

cease. Wait between portions for the balls of the Snyder column 

to resume chattering before adding the next portion. Concentrate 

the extract, as described in Paragraph 7.11, raising the tempera

ture of the water bath, if necessary, to maintain proper distil

lation. 

7.4.11 If a final extract volume appreciably less than 10 mL is required, 

it is necessary to further concentrate the extract using a micro

Snyder column. In cases where bumping or severe foaming of the 

sample liquid would be expected, nitrogen evaporation may be 

substituted for the micro-Snyder technique. 

7.5.1 The standard sample size for a matrix containing high levels of 

analytes (e.g. waste feed) is 2 grams; however, a larger or 

smaller sample may be used, depending on expected analyte 

concentrations or target detection limits. Record sample weight 

to nearest 0.01 g or better. 

7.5.2 More sodium sulfate may be required if a larger sample size is 

used or the sample is very wet. Use at least: 2 g. 

7.5.3 The amount of spiking solutions used depends on sample size and 

expected level of analytes. Use the amounts that are given on the 

work plan. 
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Normal laboratory procedures as described in SOP 321-SP-004 must be followed. 

The sonication and concentration must be done in a working fume hood. Ear 

protection should be worn if necessary (see 321-SP-008). 

5.0 QUALITY CONTROL 

Duplicates, spikes, blanks, and other quality control samples will be prepared 

in accordance with SOP 321-SP-001. Other QA/QC considerations pertinent to 

the project must be detailed in the project work plan. 
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4.2 Sonication: A hom-type sonicator equipped with a titanium tip 
should be usee. The following sonicator, or an equivalent brand and model, is 
recommended: 

Ultrasonic cell disrupter: Heat Systems -Ultrasonics, Inc., Model 
W-385 (475 watt) sonicator or equivalent (Power wattage must be a 
minimum of 375 with pulsing capability and No. 200 1/2" Tapped 
Disrupter Horn) plus No. 207 3/4" Tapped Disrupter Horn, and No. 419 
1/8" Standard Tapered microtip probe. 

4.3 Sonabox: Recommended with above disrupters for decreasing 
cavitation sound (Heat Syste.s - Ultrasonics, Inc., Model 4328 or 
equ1va 1 ent) • 

4.4 Apparatus for determining percent moisture: 

4.4.1 OVen: Drytng. 

4.4.2 Desiccator. 

4.4.3 Crucibles: Porcelai~. 

4.5 Pasteur glass ptpets: Disposable, 1-mL. 

4.6 Beakers: 400-mL. 

4.7 Vacuum filtration apparatus: 

4.7.1 Buchner funnel. 

4.7.2 Fflter paper: Whatman No. 41 or equivalent. 

4.8 Kuderna-Oanish (K-0) apparatus: 

4.8.1 Concentrator tube: 10-mL graduated (Kontes K-570050-1025 or 
equivalent). 

4.8.2 Evaporator flulc: 
equivalent}. 500-mL (Kontes K-570001-0500 or 

4.8.3 Snyder colu.n: Three-ball macro (Kontes K-503000-0121 or 
equivalent}. 

4.8.4 Snyder colu.n: Two-ball micro (Kontes K-569001-0219 or 
equivalent). 

4.9 Boiling chiTs: Solvent extracted, approximately 10/40 mesh (stltcon 
carbide or equivalent • 

4.10 Water bath: Heated, with concentric ring cover, capable of 
temperature control (:5"C). The bath should be used 1n a hood. 

3550 - 2 
Revision ___ o.......,..,..,. 
Date September 1986 
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7.1.3 Dry w&ste sa.ples a.enable to grinding: Grind or otherwise 
subdivide the waste so that it either passes through a 1-~ sieve or can 
be extruded through a 1-mm hole. Introduce sufficient sample into the 
gr1nd1ng apparatus to yield at least 10 g after gr1nd1ng. 

7.2 Determination of percent moisture: In certain cases, sample results 
are desired based on a dry-weight basis. When such data is desired, a portion 
of sample for moisture determination should be weighed out at the same ttme as 
the portion used for analytical determination. 

7.2.1 Immediately after weighing 
5-10 g of the sample into a tared 
moisture by drying overnight at 105•c. 
before weighing: 

the sample for extraction, wetgh 
crucible. Determine the percent 

Allow to cool in a desiccator 

a of sample - a of dry sample x 100 • s moisture 
g of sample 

7.3 Determination of ~H (if required): Transfer SO g of sample to a 
100-mL beaker. Add 56 mL o water and stir for 1 hr. Determine the pH of 
sample with glass electrode and pH meter while stirring. Discard this portion 
of sample. 

7.4.1 The following step should be performed rapidly to avoid loss 
of the more volatile extractables. Weigh approximately 30 g of sample 
into a 400-mL beaker. Record the weight to the nearest 0.1 g. Non
porous or wet samples (gummy or clay type) that do not have a free
flowing sandy texture must be •ixed with 60 g of anhydrous sodiWI sulfate 
using a spatula. The sample should be free-flowing at this point. Add 
1 mL of surrogate standards to all samples, spikes, and blanks (see 
Method 3500 for details on the surrogate standard solution and the matrix 
spike solution). For the sample in each analytical batch selected for 
spiking, add 1.0 •L of the matrix spiking standard. For base/neutral
acid analysts, the amount added of the surrogates and matrix spiking 
compounds should result in a final concentration of 100 ng/uL of each 
base/neutral analyte and 200 ng/uL of each acid analyte in the extract to 
be analyzed (assua1ng a 1 uL injection). If Method 3640, Gel-permeation 
cleanup, is to be used, add twice the volume of surrogates and matrix 
spiking compounds since half of the extract ts lost due to loading of the 
GPC column. Immediately add 100 mL of 1:1 methylene chloride:acetone • 

7.4.2 Place the bottom surface of the tip of the #207 3/4 tn. 
disrupter horn about 1/2 in. below the surface of the solvent, but above 
the sediment layer. 

7.4.3 Sonicate for 3 min, with output control knob set at 10 and 
with mode switch on Pulse and percent-duty cycle knob set at sos. Do ~ 
use microtip probe. 

3550 - 4 
Revision 0 
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~ ~ ITol~ F1n&l. 
IOl.v~-:t 101'\IWIC of ccaact auxt 

~ ~ ~ val~ 
~ ... EXaw=tim for for for for 
.au! Iii .-lysis ~ ~ (aaL) -.l.ysia (IlL) 

!)60~ 

-~- 2~ ~ L.O L .0, 10.0° 
!)6) 

-~- ~ -r- 2.0 LO.O 
!)8) 

-~- ~ ~ LO.O LO.O 
~ -~- ~ ~ 2.0 L.O 
SOO -~- - ~ 2.0 1.0 
81.20 -~- ~ ~ 2.0 L.O 

SloOac: -~- ~ ~ LO.O !0.0 

SZSJ;a'c: -~- 1ll:lm 1.0 
8Z10 • -~- ncaa 1.0 
8310 -~- ICIICOII1U1la 1.0 

~o obc.ml ~ &:14 llli t:../-=-1 ~. 111chod 365:l stDWI t. pufoa.i ~ 
~ ot a. -=-= to 10.0 IlL. 
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~ls _, be .-1'1'*i, b)' !tlchod 00, ~ a 1.0 IlL 2~ a:axt by GC/FID. !11chod DO 
al.lo ~ m ~ clciywr1zer•m llftiiCidUn for 1iWaJ.a ~~a 111 a LO 1111. r.-. -=-= to be .-l11*i b)' GC/EC). 

~ ~id.ty of Gt:IH!i _, 1llira c:lamlp ot a. as:raca _. "'Y• Rater to 111chod J&Xl for 
~me.~~~ if~ • 

3550 - 6 
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5.0 mL fn a concentrator tube ff further concentratfon fs requfred. 
Follow Paragraphs 7.4.6 through 7.4.12 for details on concentration. 
Normally, the 5.0 mL extract 1s concentrated to 1.0 mL. 

7.5.6 The extract fs ready for cleanup or analysts, depending on 
the extent of interfering co-extractives. 

8.0 QUALITY CONTROL 

8.1 Any reagent blanks or matrix spike samples should be subject to 
exactly the same analytical procedures as those used on actual samples. 

8.2 Refer to Chapter One for spec1f1c quality c~ntrol procedures and 
Method 3500 for extraction and sample preparation procedures. 

9.0 METHOD PERFORMANCE 

9.1 Refer to the determinative methods for performance data • 

10.0 REFERENCES 

1. u.s. EPA 40 CFR Part 136, "Gu1del1nes Estab11sh1ng Test Procedures for the 
Analysts of Pollutants Under the Clean Water Act: Ffnal Rule and Intenm Ffnal 
Rule and Proposed Rule,• October 26, 1984 • 

2. u.s. EPA, Interlaboratory Comparison Study: Methods for Volatile and Semf
Volatfle Compounds, Environmental Monftorfng Systems Laboratory, Office of 
Research and Development, Las Vegas, NV, EPA 600/4-84-027, 1984. 

3550 - 8 
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1.0 SCOPE AND. APPLICATION 

Selenium in solution may be readily determined by atomic absorption spectros
copy. The method is simple, rapid, and applicable to a large number of metals 
in drinking, surface, and saline waters, and domestic and industrial wastes. 
While drinking waters free of particulate matter may be analyzed directly, 
domestic and industrial wastes require digesting to solubilize suspended 
material. Sludges, sediments and other solid type samples may also be 
analyzed after proper digestion. Selenium may also be analyzed by hydride AA 
or ICP. Detection limits and matrices are considerations when choosing the 
best method for analyzing the sample. 

2. 0 SUMMARY OF METHOD 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the 
graphite tube in the furnace, evaporated to dryness, charred, and atomized. 
The principle is essentially the same as with direct aspiration atomic 
absorption except a furnace, rather than a flame, is used to atomize the 
sample. Radiation from a given excited element is passed through the vapor 
containing ground state atoms of that element. The intensity of the trans
mitted radiation decreases in proportion to the amount of the ground state 
element in the vapor. Because the tube area is small, the vaporized atoms are 
more concentrated allowing for lower limits of detection. 

3.0 INTERFERENCES 

3.1 This technique is subject to chemical and matrix interferences. The 
composition of the sample matrix can have a major effect on the analysis. 
These effects must be taken into consideration in the analysis of each 
different matrix encountered. Known chemical interferences are chlorides 
(>800 ppm) and sulphates (>200 ppm) • 

3.2 Nitric acid is preferable for any digestion or solubilization step. If 
another acid is required in addition to HN03 , a minimum amount should be 
used. This applies particularly to hydrochloric and, to a lesser extent, 
to sulfuric and phosphoric acids • 
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5.4 Work~ng Standards 

D~lute 1 mL of 1000 ppm stock to 1 L w~th deion~zed water conta~n~ng 1% 
HN03 • Dilute o. 2. 4. 6 mL ot th~s ~ntermed~ate solut~on to 100 mL w~·th 
de~on~zed water. Th~s w~ll prepare o. 20. 40. and 60 ppb standards for 
use ~n the calibration procedure below. 

6.0 CALIBRATION PROCEDURES 

6.1 Calibration standards are analyzed beg~nn~ng w~th the blank and proceed
~ng to the h~ghest standard. Each ~s analyzed ~n dupl~cate. L~near 

regress~on ~s used to def~ne the calibrat~on curve. The regress~on l~ne 
~s constructed us~ng concentrat~on as the X-value and mean response as 
the Y-var~able. The blank ~s included as X=O • 

6.2 The correlation coeff~cient ot the standard curve must be >0.995 for the 
analys~s to cont~nue. If not. the analyst w~ll correct the problem. 
remaking standards as necessary betore the analysis w~ll continue. 

7.0 QUALITY CONTROL 

7.1 Th~s ~s Radian's standard quality control protocol. In the areas ot QC 
check samples. duplicates. and spikes. it meets or exceeds the requ1re
ments set forth 1n SW-846. 3rd Ed. Method 7740. It ~s not. however. a 
strict SW-846 protocol and should not be construed as such. 

7.2 Qual~ty Control Check Samples 

In add~t~on to calibration standards. qual~ty control (QC) check samples 
are to be analyzed ~n~tially to verify the cal~bration curve and at a 
frequency of one in ten throughout the analys~s. If the QC recovery ~s 
w~th~n acceptable l~m~ts (85-115%). the analys~s may proceed. If any QC 
sample falls outs~de these l~~ts. the analys~s must be stopped and any 
of the follow~ng performed to bring the standard ~nto control: 

• Check instrument operating parameters (e.g •• gas pressure), 
• Recalibration. 
• Re-make of QC standard. or 
• Check w~th lab superv~sor. 

After the problem is addressed. analyses may commence. ~ncluding all 
samples analyzed s~nce the last acceptable QC standard. 

7.3 Dupl1cates 

Dupl~cates are to be performed at a rate of one in ten samples. A dupli
cate is defined as a sample which is split and treated as two 1ndependent 
samples and carr~ed throughout the entire protocol (digest~on. ~nterter
ence modif~er solut~on. analysis). Dupl~cates should agree with~n 20 
percent. 

~-------------------------------------------------------------------------------



... 

RADIAN CONFIDENTIAL 
C-.-noM 

RESEARCH & ENGINEERING 
(CONTINUATION PAGE) 

9.0 REPORTING 

Reporting requ1rements 1nclude: 

• Instrument usage log. 
• Instrument ma1ntenance log. 
• Analysis bench sheet. 
• QC summary sheet. 
• Print out. and 
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9.1 Each instrument has a corresponding log book requesting pertinent infor
mation relevant to the analysis to be performed. This log book must be 
filled out prior to completion of analysis to document standard 
conditions and response of the instrument. 

9.2 The instrument ma1ntenance log prov1des information regard1ng any 
maintenance performed before. during. or after the analys1s. 

9.3 The analysis and QC summary sheet should be filled out completely 
following instruction provided on each bench sheet. 

9.4 All entr1es must be in black ink with corrections made by making one 
hor1zontal mark through the incorrect data and the correct data placed 
beside it. The correction is to be dated and initialed. 

9.5 When using AA bench. the analyst w1ll make hard copies of the AA bench 
equivalent of the analysis bench sheet and the QC summary sheet. 
Instructions for preparing the documents are in the AA Bench Users Gu1de. 

10.0 SAFETY 

10.1 Safety glasses and laboratory coat must be worn to prevent accidental 
1n]ury due to the corrosivity of some of the reagents. 

10.2 Because standards and samples contain nitric acid. they must be disposed 
of in the safety containers located in the lab. 
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1·~~~ 1.0 INTRODUCTION 

, ... 

.... 

-

-

The purpose of the performance and documentation of equipment maintenance pro
cedures is to help insure quality analyses in the laboratory and aid in 
quickly identifying chronic problems. 

2.0 SCOPE 

This document addresses instrument maintenance in the individual laboratories 
and computer hardware maintenance in Sample Control. 

3.0 ATOMIC SPECTROSCOPY LABORATORY 

3.1 Atomic Absorption Spectrometers 

Maintenance procedures performed by the analyst according to the 
Preventative Maintenance Schedule (Attachment A) are documented in the 
instrument logbooks. The logbooks are discussed further in the analy
tical methods themselves. When repair by a service technician is deemed 
necessary. a description of all procedures is kept on file by the lab 
manager for quick reference. All of the atomic absorption spectrometers 
are covered by service contracts. Copies of service contracts are kept 
by the lab manager. 

3.2 Inductively Coupled Argon Plasma Emission Spectrometer (ICPES) 

3.2.1 Daily Log 

AI:::TIVITY MGR: NAME/~TE 
-o - } 

~~· /;-;;. ' 

/ / v 

A daily log is generated by the ICPES analyst before calibration 
of the instrument each day. This log provides a status report of 
fourteen electronics and spectrometer parameter readings. Addi
tional readings pertaining to the RF generator and argon source 
are determined by the analyst. Acceptable value ranges for all of 

NAME /DATE 

~ /31 ~~~ /{/J?/7Ja_¢---G-- 5/.T/ff 
/ / / 
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Normal safety practices should be followed. This includes lab coats and 
safety glasses being worn at all times in the lab areas. For a more extensive 
discussion of saftey in the lab. please refer to the inorganic lab safety 
S.O.P (#325-IN-002). 
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Daily Log for ICP 34000 - 291 

Elestrgpise Re•dipa 

-1000 VDC Supply 

-100 VDC Supply 

-15 VDC Supply 

-10 VDC Jteference 

-1 VDC lteference 

~.1 VDC Jteference 

Ground Jtefereuce 

+S VDC Supply 

+15 VDC Supply 

+24 VDC Supply 

Line Voltage (AC) 

Cabinet Temperature 

Bl Generator Readina• 

Incident Power 

Jteflec ted Power 

Plate Current (<0.65 AMP) 

Value 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

+ P.A. Pilaaent Voltage (7.5 0.4 Volta) 

P.A. Voltage (<4800 Volta) 

P.A. Grid Current (<0.4 AMP) 

Spestrgaeter Cgpdition• 

Spectroaeter Vacuua 

Spectro.eter Temp. 

lep Sggrse Parameter• 

• 
• 

Coolant Araon Meter lteaciinc (PSI) 

Pla .. a Argon Meter Jteacling (PSI) 

Kebulizer Araon Meter Jteaclina (PSI) 

Kebulizer Uptake !tate (KL/MIB) 

valve 

-1020 

-101 

-15.3 

9.9 

.99 

.096 

.001 

4.5 

14.7 

22.2 

198 

20 

value 

0 

30 

Rance 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

Rance 

TO 

TO 

5 oE 8 

-960 

-99 

-14.5 

10.2 

1.01 

.104 

.005 

5.5 

15.3 

26.4 

242 

40 

75 

40 
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Indicator, 4-149 

Indicator, 4-144 

Reading, umho/cm 

Checked by 

Date 

Verification 
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ATTACHMENT D 

Conductivity Deionized Water 

Mon. Tues. Wed. Thurs. Fri. 

Comments: 

~ 
! 

--
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1.0 

2.0 

Original 

SCOPE AND APPLICATION 

This document covers all phases of sample preparation for GC 

analyses using the electron capture detector (GC/ECD). It contains 

recommendations for reagents and procedures that will avoid 

contamination of samples and blanks. 

Methods to which this material applies include EPA SW-846. 3rd ed •• 

Method 8080 (Organochlorine Pesticides and PCBs). and Method 8150 

(Chlorinated Herbicides. see also 321-SP-019). It also applies to 

Method 8040 when the analytes are chlorinated phenols (such as 

pentachlorophenol). 

Refer to SW-846 manual and the appropriate SOP for details regarding 

separatory funnel extraction (Method 3510. 321-SP-D10). continuous 

liquid/liquid extraction 

extraction (Method 3540. 

(Method 35 20. 321-SP-012). 

321-SP-D13). sonication (Method 

Soxhlet 

3550. 

321-SP-020 and 321-SP-008). and waste dilution (Method 3580. 

321-SP-022) . 

SUMMARY 

GC/ECD analyses are very sensitive to contamination from substances 

that will capture electrons in the detector. particularly PLASTI-
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3.6 Solvents: Avoid commercial grade acetone when drying glassware 

to be used for GC/ECD analyses. All solvents must be pesticide 

grade or equivalent. 

3.7 Soxhlet thimbles: Preextracted with the extraction solvent in 

Soxhlet extractor, for at least two hours, and oven dried in a 

clean, glass container. 

3.8 Teflon sleeves for glass joints: Clean using the procedure 

outlined above for cleaning needles. Use enough solvent to 

completely cover the sleeves. Remove the clean sleeves with 

tongs and mount them in the joint; don't wait for them to dry. 

3.9 Reagent water: HPLC grade (e.g. Burdick & Jackson) water should 

be used for blanks, and to prepare all reagent solutions needed 

(e.g. acid and base neutralizing solutions). 

PROCEDURE 

4.1 Maintain an awareness of all incidents where your hands or 

gloves touch any implements or containers that will be in 

contact with the sample or solvent. If an item becomes 

accidentally contaminated, stop and rinse it with solvent 

before proceeding. 

4.2 Avoid placing your hands near the mouth of any container 

that will contact sample, solvent, or extract. Grasp all 

containers from the bottom. Keep hands away from standard 

taper (ground glass) joints. 

4.3 Keep rubber hoses away from the mouths of condensers and 

extractors. 
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1.0 SCOPE AND APPLICATION 

Lead in solution may be readily determined by atomic absorption spectros
copy. The method is simple, rapid, and applicable to a large number of metals 
in drinking, surface, and saline waters, and domestic and industrial wastes • 
While drinking waters free of particulate matter may be analyzed directly, 
domestic and industrial wastes require digesting to solubilize suspended 
material. Sludges, sediments and other solid type samples may also be 
analyzed after proper digestion. Lead may also be analyzed by hydride AA 
or ICP. Detection limits and matrices are considerations when choosing the 
best method for analyzing the sample. 

2.0 SUMMARY OF METHOD 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the 
graphite tube in the furnace, evaporated to dryness, charred, and atomized. 
The principle is essentially the same as with direct aspiration atomic 
absorption except a furnace. rather than a flame. is used to atomize the 
sample. Radiation from a given excited element is passed through the vapor 
containing ground state atoms of that element. The intensity of the trans
mitted radiation decreases in proportion to the amount of the ground state 
element in the vapor. Because the tube area is small. the vaporized atoms are 
more concentrated allowing for lower limits of detection. 

3 • 0 INTERFERENCES 

3.1 This technique is subject to chemical and matrix interferences. The 
composition of the sample matrix can have a major effect on the analysis. 
These effects must be taken into consideration in the analysis of each 
different matrix encountered. 

3.2 Nitric acid is preferable for any digestion or solubilization step. If 
another acid is required in addition to HNO • a minimum amount should be 
used. This applies particularly to hydrochloric and, to a lesser extent, 
to sulfuric and phosphoric acids. 
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Pipette 2.0 mL of the ammonium phosphate solution into the matrix 
modifier cup. Add 1 mL of the magnesium nitrate solution and dilute with 
deionized water to 4 mL. Mix well. This solution is added to the 
graphite furnace by the autosampler after each injection of sample is 
made into the furnace. 

•·• 5. 5 Working Standards 

.... Dilute 1 mL of 1000 ppm stock to 1 L with deionized water containing 1% 
HN0

3
• Dilute 0, 2, 4, 6 mL of this intermediate solution to 100 mL with 

deionized water. This will prepare 0, 20, 40, and 60 ppb standards for 
use in the calibration procedure below. 

)~~CALIBRATION PROCEDURES 

... 6.2 ,,,. 

'"" 

Calibration standards are analyzed beginning with the blank and proceed
ing to the highest standard. Each is analyzed in duplicate. Linear 
regression is used to define the calibration curve. The regression line 
is constructed using concentration as the X-value and mean response as 
the Y-variable. The blank is included as X=O. 

The correlation coefficient of the standard curve must be >0.995 for the 
analysis to continue. If not, the analyst will correct the problem, 
remaking standards as necessary before the analysis will continue. 

J'lllifQUALITY CONTROL 

f•7 .1 This is Radian's standard quality control protocol. In the areas of QC 
•• check samples, duplicates, and spikes, it meets or exceeds the require

ments set forth in SW-846, 3rd Ed. Method 7740. 

.... 7.2 

... 

'"" 
... 
·-
--

Quality Control Check Samples 

In addition to calibration standards, quality control (QC) check samples 
are to be analyzed initially to verify the calibration curve and at a 
frequency of one in ten throughout the analysis. If the QC recovery is 
within acceptable limits (90-110%), the analysis may proceed. If any QC 
sample falls outside these limits, the analysis must be stopped and any 
of the following performed to bring the standard into control: 

• Check instrument operating parameters (e.g •• gas pressure). 
• Recalibration, 
• Re-make of QC standard, or 
• Check with lab supervisor. 

After the problem is addressed, analyses may commence, including all 
samples analyzed since the last acceptable QC standard. 
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8.0 SETUP 

Lamp: 
Wavelength: 
Dry °C/Sec: 
Char °C/Sec: 
Atomizer °C/Sec: 
Purge Gas: 
Background Correction: 

(CONTINUATION PAGE) 

Lead HCL 
283.3 
140/35 
650/30 
2100/5 
Argon 
Yes 

PROCEDURE NO: 
325-AA-004 

Injection Volume: 25 uL (20 uL on Zeeman AA) 

9.0 REPORTING 

Reporting requirements include: 

• Instrument usage log. 
• Instrument maintenance log. 
• Analysis bench sheet. 
• QC summary sheet. 
• Print out. and 
• Any lab notebook pages relevant to the data. 

STANDARD 
OPERATING 
PROCEDURE 

PAGE: 
5 of 5 

9.1 Each instrument has a corresponding log book requesting pertinent infor
mation relevant to the analysis to be performed. This log book must be 
filled out prior to completion of analysis to document standard 
conditions and response of the instrument. 

9.2 The instrument maintenance log provides information regarding any 
maintenance performed before. during. or after the analysis. 

9.3 The analysis and QC summary sheet should be filled out completely 
following instruction provided on each bench sheet. 

9.4 All entries must be in black ink with corrections made by making one 
horizontal mark through the incorrect data and the correct data placed 
beside it. The correction is to be dated and initialed. 

9.5 When using AA bench. the analyst will make hard copies of the AA bench 
equivalent of the analysis bench sheet and the QC summary sheet. 
Instructions for preparing the documents are in the AA Bench Users Guide. 

10.0 SAFETY 

10.1 Safety glasses and laboratory coat must be worn to prevent accidental 
injury due to the corrosivity of some of the reagents. 

10.2 Because standards and samples contain nitric acid. they must be disposed 
of in the safety containers located in the lab. 
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1.0 PURPOSE 

The purpose of this SOP is to provide an outline for the GC/MS analysis of 

semivolatile organic compounds. 

2.0 SCOPE 

This SOP outlines in detail the GC/MS procedures and associated QA/QC for the 

analysis of Appendix IX semivolatile compounds extracted from all types of 

solid waste matrices, soils, and groundwaters. This method is taken from U.S. 

EPA SW-846 Method 8270, Test Methods for Evaluating Solid Waste, 3rd Edition, 

September 1986. Method 8270 must be read and understood by the GC/MS analyst 

before beginning any semivolatiles work. 

3.0 INSTRUMENTATION 

A GC/HS instrument which has the performance capabilities outlined in Section 

4.0 of Method 8270 must be used. At Radian, the HP-5985/87 and HP-5970 are 

used for Method 8270 semivolatiles work. A list of instrument operating 

conditions for these two instruments is shown on Tables 3-1 and 3-2 • 

~ITE.R: NAMEtqATE:. - I I i 
/\\ .. ,~\.~ \0i I~\. I~~ ! ~·) ~ 

I I " / 



"'"' 

&Htl 

,.., 

,, ... 

CONFIDENTIAL 
RADIAN 

RESEARCH & ENGINEERING 
(CONTINUATION PAGE) 

4.0 TARGET LIST IDENTIFICATION AND QUANTITATION 

I PROCEDURE NO: 
321-MS-010 

STANDARD 
OPERATING 
PROCEDURE 

I PAGE: 
3 of 49 

Most of Radian's GC/MS semivolatiles work involves identification and 

quantitation of Appendix IX analytes. The "Appendix IX" target list is a list 

of known and suspected toxic compounds identified by the EPA and outlined in 

the Federal Register. 

4.1 Compound Identification 

Table 4-1 shows the Appendix IX target list in elution order. Also shown 

are the primary quantitating ions and instrument detection limits for 

each analyte. 

For positive identification two criteria must be met: the sample 

component must have the same relative retention time (RRT) as the 

standard component, and the sample component must have the same mass 

spectrum as the standard component. A sample component is considered to 

have the same mass spectrum as a standard when all ions greater than 10% 

in the standard mass spectrum are present, and when the three major 

sample component ions have intensities within +20% of those in the 

standard spectrum. 

4.2 Quantitation 

When a compound has been identified, it is quantitated based on the ratio 

of the primary ion intensity to that of the nearest internal standard. 

The calculation is as follows: 

Cone = A • C. • Vol • DF 

A. • Rf • S 
~s 
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TABLE 4-1. APPENDIX IX COMPOUNDS FOR METHOD 8270 ANALYSIS DISPLAYING 
RETENTION TIMES, PRIMARY IONS AND DETECTION LIMITS (Continued) 

Retention Primary Instrument 
Time a Ion Detection 

Compound (min) (m/z) Limit (ng) 
-------------------- --------------
Hexachlorocyclopentadiene 18.37 237 5 
2,4,6-Trichlorophenol 18.48 196 5 
2-Fluorobiphenyl (Surr.) 19.17 172 NA 
2-Chloronaphthalene 19.21 162 2 
1-Chloronaphthalene 19.30 162 2 
1,4-Naphthoquinone 19.48 158 5 
Dimethyl phthalate 20.09 163 2 
m-Dinitrobenzene 20.15 168 5 
2,6-Dinitrotoluene 20.21 165 5 
Acenaphthalene 20.32 152 2 
Acenaphthene 21.03 154 2 
2,4-Dinitrophenol 21.10 184 so 
2,4-Dinitrotoluene 21.27 165 5 
Pentachlorobenzene 21.31 250 5 
1-Naphthyl amine 21.40 143 5 
2,3,4,5-Tetrachlorophenol 21.46 232 10 
2,3,5,6-Tetrachlorophenol 21.46 232 10 
2,3,4,6-Tetrachlorophenol 21.54 232 10 
Diethyl phthalate 22.06 149 2 
4-Chlorophenyl phenyl ether 22.22 204 10 
Fluorene 22.25 166 2 
4,6-Dinitro-o-cresol 22.36 198 10 
Thiuram 22.39 88 5 
N-Nitroso-diphenylamine 22.40 169 5 
1,2-Diphenyl hydrazine 22.47 77 2 
2,4,6-Tribromophenol (Surr.) 23.01 332 NA 
4-Bromophenyl phenyl ether 23.43 141 2 
Hexachlorobenzene 24.12 284 2 
4-Aminobiphenyl 24.27 169 5 
Pronamide 24.38 173 10 
Pentachlorophenol 24.39 266 5 
Benzidine 24.46 184 10 
Pentachloronitrobenzene 24.52 237 5 
Phenanthrene-d

10 
(I.S.) 25.03 188 NA 

Phenanthrene 25.06 178 2 
Anthracene 25.14 178 2 
Dibutylphthalate 26.35 278 2 
Fluoranthene 28.28 202 2 
Pyrene 29.07 202 2 
p-Terphenyl-d14 (Surr.) 29.27 244 NA 
p-Dimethylamino azobenzene 29.51 120 5 
Butyl benzyl phthalate 30.46 149 2 
Bis(2-ethylhexyl)phthalate 32.22 228 2 

--------------------
(Continued) 

ll'l 
a; 
r-.. 
C\1 
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where: 

Cone = concentration in the sample 

Ax = area of compound quantitating ion 

Ais = area of internal standard major ion 

Cis = concentration of internal standard 

Rf = response factor from standard curve 

Vol = final extract volume 

Df = dilution factor 

PROCEDURE NO: 
3 21-MS-010 

STANDARD 
OPERATING 
PROCEDURE 

PAGE: 
7 of 49 

S = initial sample size extracted (mL or L for liquids, g or Kg for 

solids) 

4.3 Reporting 

The Radian Appendix IX SAM report form is shown on Table 4-2. Compounds 

are listed in alphabetical order and method detection limits (MDL) are 

given. The MDL corresponds to the lowest level on the calibration curve 

adjusted for sample size and extract volume. When additional compounds 

are required and a standard is unavailable, an N/A is reported. When 

reporting data to the client use "less than the MDL" (e.g. <10), not "ND" 

for not detected. An ND may be used only for compounds not in the 

standards mixture and only if a library search was performed and the 

compound in question was not found • 

5 • 0 QUALITY CONTROL 

A summary of all the QA/QC procedures associated with Method 8270 is shown on 

Table 5-l. 

5.1 Instrument Tuning 

The mass spectrometer must be tuned properly using PFTBA before beginning 

any work. To verify this, a spectrum of DFTPP must be recorded which 

passes the criteria shown on Table 3 of Method 8270. Acceptable 

chromatography must also be demonstrated by recording the peak shape of 
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EPA METHOD 8270 

CAS # COMPOUND 

122-09-8 2,2-Dimethylphenethy1amine 
105-67-9 2,4-Dimethy1phenol 
131-11-3 Dimethylphthalate 
99-65-0 1,3-Dinitrobenzene 
584-52-1 4,6-Dinitro-o-cresol 
51-28-5 2,4-Dinitrophenol 
121-14-2 2,4-Dinitrotoluene 
806-20-2 2,6-Dinitrotoluene 
84-74-2 Di-n-butylphthalate 
117-84-0 Di-n-octylphthalate 
621-64-7 Di-n-propylnitrosamine 
122-39-4 Diphenylamine 

.62-50-0 Ethyl methanesulfonate 
206-44-0 Fluoranthene 
86-73-7 Fluorene 
118-74-1 Hexachlorobenzene 
87-68-3 Hexachlorobutadiene 
77-47-4 Hexachlorocyclopentadiene 
67-72-1 Hexachloroethane 
70-30-4 Hexachlorophene 
1888-71-7 Hexachloropropene 
193-39-5 Indeno(1,2,3-c,d)pyrene 
78-59-1 Isophorone 
120-58-1 Isosafrole 
91-80-5 Methapyrilene 
56-49-5 3-Methylcholanthrene 
66-27-3 Methyl methanesulfonate 
91-57-6 2-Methylnaphthalene 
91-20-3 Naphthalene 
130-15-4 1,4-Naphthoquinone 
134-32-7 1-Naphthylamine 
91-59-8 2-Naphthylamine 
88-74-4 2-Nitroaniline 
99-09-2 3-Nitroaniline 
100-01-6 4-Nitroaniline 
98-95-3 Nitrobenzene 
88-75-5 2-Nitrophenol 
100-02-7 4-Nitrophenol 
56-57-5 4-Nitroquinoline-1-oxide 
924-16-3 N-Nitrosodi-n-butylamine 
55-18-5 N-Nitrosodiethylamine 
62-75-9 N-Nitrosodimethylamine 
86-30-6 N-Nitrosodiphenylamine 
10595-95-6 N-Nitrosomethylethy1amine 

PROCEDURE NO: 

321-MS-010 

RESULTS IN ug/L 

OlA 

<25 
<10 
<10 

<100 
<50 
<50 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

<100 
<10 

<100 
<20 
<10 
<10 

<200 
<100 
<100 

<50 
<50 
<50 
<10 
<50 
<50 
<50 
<50 
<50 
<50 
<50 
<50 

PAGE: 
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Quality Control Check frequency Acceptance Criteria Corrective Action 

Mass scale calibration 
using Pli'TBA 

Check of mass spectral 
ion intensities using 
Dli'TPP 

Chromatography check 

Systems performance 
check compounds 

Calibration check 
compounds 

Surrogate spikes 

Daily prior to Refer to method 
sample analyses 

Daily prior to Refer to method 
sample analyses 

Daily with Refer to method 
Dli'TPP solution 

Every 12 hours Rli' >0.050 

Every 12 hours % Difference <30% 

Every sample Refer to method 

Internal standards Every sample Refer to method 

Extraction blank 5% <5 X MDL 

Matrix spike analysis 5% 

Matrix spike duplicate 5% 
samples 

QC check 
compound analysis 

With each new 
standard prep
aration or 
client requeat 

Refer to method 

RPD <50% 

See Table 6 
Method 8270 

Repeat calibration 

Retune instrument 
Repeat Dli'TPP analysis 

Cut head of column, 
replace column 

1) Evaluate system 
2) Repeat calibration 

1) Evaluate system 
2) Take corrective 

action 

1) Evaluate system 
2) Recalculate data 

and/or reanalyze 
extract 

3) Reextract and r~ 
analyze sample or 
flag data 

Flag data 

1) Run solvent blank 
2) Evaluate system 

1) Run check standard 
2) Correct problem 
3) Flag data 

Evaluate system 

Hake up new stan
dards or retune 
instrument 
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Also, the following system performance check compounds (SPCCs) must have 

response factors of greater than 0.05 using the 50 ug/mL calibration 

standard: 

• 
• 
• 
• 

N-Nitrosodi-n-propylamine, 

hexachlorocyclopentadiene, 

2,4-dichlorophenol, and 

4-nitrophenol • 

5.3 Daily Calibration 

Every 12 hours the midrange calibration standard must be reanalyzed. As 

with the initial calibration, all SPCCs must show a response factor of 

greater than 0.05. Also, each CCC must show a response factor within 

+30% of the response factor generated from the five-point calibration. 

If these criteria are not met, corrective action must be taken. If, 

after corrective action, these criteria are not met, then the instrument 

must be recalibrated and a new five-point calibration performed. 

5.4 Surrogate Recoveries 

Before extraction, each sample is spiked with a mixture of the following 

surrogates: 

• 2-fluorophenol, 

• phenol-d
5

, 

• nitrobenzene-d
5

, 

• 2-fluorobiphenyl, 

• 2,4,6-tribromophenol, and 

• terphenyl-d
14 

• 

Response factors for the surrogates are generated from a single injection 

of the surrogate solution used for spiking. Recoveries of the surrogates 
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METHOD 8270 

GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR SEMIVOLATILE ORGANICS: 
CAPILLARY COLUMN TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 Method 8270 is usee to dete~ine the concentration of semivolatile 
organic compounds in extracts preparea from all types of solid waste 
matrices, soils, ana ground water. Direct injection of a sample may be used 
in limited applications. 

1.2 Method 8270 can be usee to quantify mast neutral, acidic, and basic 
organic compounds that are soluble in methylene chloride ana capable of being 
eluted without derivatization as sharp peaks from a gas chromatographic 
fusee-silica capillary column coated with a slightly polar silicone. Such 
ccmpounas include polynuclear aromatic hydrocarbons, chlorinated hydrocarbons 
ar.d pesticides, phthalate esters, organophosphate esters, nitrosamines, 
haloethers, aldehydes, ethers, ketones, anilines, pyridines, quinolines, 
aromatic nitro compounds, and phenols, including nitrophenols. See Table 1 
for a list of compounds and their characteristic ions that have been 
evaluated on the specified GC/MS systea. 

1.3 The following compounds may require special treatment when being 
dete~inea by this method. Benzidine can be subject to oxidative losses 
during soivent concentration. Also, chromatography is poor. Under the 
alkaline conditions of the extract1on step, «-BHC, 7 -BHC, endosulfan I and 
!I, ana enarin are subject to decomposition. Neutral extraction should be 
performed if these compounds are expected. Hexachlorocyclopentadiene is 
subject to thermal decomposition in the inlet of the gas chromatograph, 
cnem1ca1 reaction in acetone solution, and photochemical dec~mposit1on. 
N-nitrosodimethylamine is difficult to separate from the solvent under the 
chromatographic conditions described. H-nitrosodiphenylamine decomposes in 
the gas chromatogrtphic inlet and cannot be separated from diphenylamine • 
Pen~achlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-Z
~ethylphenol, 4-chloro-3-methylphenol, benzoic acid, Z-nitroan11ine, 3-
nitroaniline, 4-chloroaniline, and benzyl alcoho1 are subject to erratic 
ch~togr!phic behavior, especially if the GC system is contaminated with 
high boiling material. 

1.4 The practical quantitation limit (PQL) of Method 8270 for 
determining an individual compound 1s approximately 1 mg/kg (wet weight) for 
soil/sediment s~les, 1-ZOO mg/kg for wastes (dependent on matrix and method 
of preparation), and 10 ug/L for ground water samples (see Table Z). PQLs 
•111 be propor:1onately higher for sample extracts that require dilution to 
avoid saturation of the detector. 

1.5 This method is restricted to use by or under the supervision of 
analysts exoer1enced in the use of gas chromatograph/mass spectrometers and 
sKille~ in the interpretation of mass spectra. Each analyst must demonstrate 
the ability to generate acceptable results with this method. 
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I PROCEDURE NO: 

321-J:vlS-_QlQ_ 

CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS (Cont1nued) 

Retent1on 

STANDARD 
OPERATING 
PROCEDURE 

I PAGE: 

1 q- nf l.Q 

CoiiiC)ound Time (m1n) Primary Ion Secondaryion(s) 

4,4'-00T 235 237. 165 
01benz(a,j)acr1d1ne 32.ssa 279 280, 277 
01benz(a,h)anthracene 39.82 278 139, 279 
01benzofuran 15.63 168 139 
01-n-butylphthalate 21.78 149 150, 104 
1,3-01chlorobenzene 6.27 146 148, 111 
1,4-01chlorobenzene 6.40 146 148, lll 
1,4-01chlorobenzene-d4 (I .S.) 6.35 152 150, 115 
1,2-01chlorobenzene 6.85 146 148, 111 
3,3'-01chlorobenz1d1ne 27.88 252 254, 126 
2,4-0fchlorophenol 9.48 162 164, 98 
2,6-0fchlorophenol 1o.osa 162 164, 98 
01eldr1n 79 263, 279 
01ethylphthalate 16.70 149 177, 150 
p-01methy1&~~1noazobenzene 24.48a 120 225, 77 
7,12-D1methylbenz(a)anthracene 29.54a 256 241, 257 
~-.~-Dfmethylphenethylamfne 9.514 58 91, 42 
2,4-Dfmethylphenol 9.03 122 107. 121 
01methylphthalate 14.48 163 194, 164 
4,6-01n1tro-2-methylpheno1 17.05 198 51, lOS 
2,4-Dfnftrophenol 15.35 184 63, 154 
2,4-0fnftrotoluene 15.80 165 63, 89 
2,6-Dfnftrotoluene 14.62 165 63, 89 
01pheny1 aaf ne 17.544 169 168, 167 
1,2-01phenylhydraz1ne 77 105, 182 
01-n-octylphthalate 30.48 149 167, 43 
Endosul fan I 195 339' 341 
Endosul fan II 337 339, 341 
Endosulfan sulfate 272 387, 422 
Endrfn 263 82, 81 
Endr1 n a 1 dehyde 67 345, 250 
Etldr1 n ketone 317 67, 319 
Et~yl methanesulfonate 5.334 79 109, 97 
Fl uoranthene 23.33 202 101, 203 
Fluorene 16.70 166 165. 167 
2-Fl~orobfphenyl (surr.) 172 171 
2-Fluorophenol (surr.) 112 64 
Heptachlor 100 272. 274 
Heptachlor epox1de 353 355, 351 
Hexachlorobenzene 18.65 284 142, 249 
Hexacnlorobutadfene 10.43 225 223, 227 
Hexac:hloroc:yc:lopentad1ene 12.60 237 235, 272 
Hexachloroethane 7.65 117 201, 199 
Indeno(1,2,3-cd)pyrene 39.52 276 138, 227 
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TABLE 2. PRACTICAL QUAHT!TATICN LIMITS (PQL) FOR SEHI~CLATILE ORGANICS•• 

Ses~1volat11es 

Phenol 
b1s(2-Chloroethyl} 
Z-Chlorophenol 

ether 

1,3-01chlorobenzene 
1,4-01chlorobenzene 
Benzyl Alcohol 
1,2-01chlorobenzene 
2-Methylphenol 

b1s(2-Chloro1sopropyl} 
ether 
4~ethylphenol 
N-N1troso-01-N-propylam1ne 
Hexachloroethane 
Nitrobenzene 

Isophorone 
Z·N1trophenol 
2,4-01methylphenol 
Benzoic: Ac:1d 
b1s(2-Chloroethoxy) 
methane 

2,4-01c:hlorophenol 
1,2,4-Tr1c:hlorobenzene 
Naohthalene 
4-Chloroan111ne 
~exachlorobutad1ene 

4-Chloro-3-methylphenol 
Z-Methylnaphthalene 
Hexachloroc:yc:lopentad1ene 
z. 4,6-Tr1 chlorophenol 
2,4,5-Tr1c:hloropheno1 

CAS NUIIII)er 

108-95-2 
111-44-4 
95-57-8 

541-73-1 
106-46-7 
100-51-6 
95-50-1 
95-48-7 

39638-32-9 
106-44-5 
621-64-7 
67-72-1 
98-95-3 

78-59-1 
88-75-5 

105-67-9 
65-85-0 

111-91-1 

120-83-2 
120-82-1 
91-20-3 

106-47-8 
87-68-3 

59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 

B270 - 5 

Pract1cal Quant1tat1on 

Ground Water 

ug/L 

10 
10 
10 

10 
10 
20 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
50 

10 

10 
10 
10 
20 
10 

20 
10 
10 
10 
10 

L1m1ts• 

Low So11/Sed1ment1 

ug/Kg 

660 
660 
660 

660 
660 

1300 
660 
660 

660 
660 
660 
660 
660 

660 
660 
660 

3300 

660 

660 
660 
660 

1300 
660 

1300 
660 
660 
560 
560 
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PROCEDURE NO: 

321-MS 010 

TABLE Z. PRACTICAL QUANTITATION LIMITS (PQL) FOR SEMIVOLATILE ORGANICS•• 
(Continued) 

Practical Quantitation 
L1m1ts• 

Ground Water Low So11/Sed1mentl 

Sem1-Vo 1 At11 es CAS Number ug/L ug/Kg 

Chrysene ZlB-01-9 10 660 
01-n-octyl phthalAte 117-84-o 10 660 
Senzo(b)fluoranthene 205-99·2 10 660 
aenzo(k)fluoranthene 207-08-9 10 660 
Senzo(A)pyrene 50-32-8 10 660 

Indeno(l,2,3-cd)pyrene 193-39-5 10 660 
01benz(a,h)anthracene 53-70-3 10 660 
Benzo(g,h,i)perylene 191-24-2 10 660 

•PQLs listed for soil/sediment Are based on wet weight. Normally data is 
reported on a dry weight basis, therefore, PQLs will be higher basea on the 
:moisture in each sample. This is based on a 30-g s~le and ~el permeAtion 
chromatography cleanup • 

.es~le PQLs are highly matrix-dependent. The PQLs listed herein are 
provided for guidance and may not always be ach1eveable. 

Other Matrices 

Medium-level soil and sludges by sonicAtor 
Non-water-miscible waste 

!!5!2.!1 
7.5 

75 

lPQL • (PQL for Ground Water (Table Z)] X (Factor]. 
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PROCEDURE NO: 
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soft~are that can search any GC/MS data file for ions of a specific mass 
and that can plot such ion abundances versus time or scan number. This 
type of plot is defined as an Extracted Ion Current Profile (EICP). 
Soft~are must also be available that allows integrating the abundances in 
any EICP bet~een specified time or scan-number limits. The most recent 
version of the EPA/NIH Mass Spectral Library should also be available. 

~.2 Svrinqe: 10-uL. 

5.0 REAGENTS 

5.1 Stoclc standan1 solutions (1.00 ug/uL): Standan1. solutions can be 
prepared from pure stanaara mater1als or purchased as certified solutions. 

5.1.1 Prepare steele standard solutions by accurately weighing about 
0.0100 g of pure material. Dissolve the material in pesticide quality 
acetone or other suitable solvent and dilute to volume 1n a lO-mL 
volumetric flaslc. Larger volumes can be used at the convenience of the 
analyst. When compound purity is assayed to be 961 or greater, the 
weight may be used without correction to calculate the concentration of 
the steele standard. Commercially prepared steele standards may be used at 
any concentration 1f they are certified by the manufacturer or by an 
independent source. 

5.1.2 Transfer the steele standard solutions 1nto Teflon-sealed 
screw-cap bottles. Store at 4•c and protect from.light. Steele standan1 
solutions should be checked frequently for signs of degradation or 
evaporation, especially just prior to preparing calibration standards 
from them. 

5.1.3 Steele standan1 solutions must be replaced after l yr or 
sooner 1f comparison wfth quality control checlc samples indicates a 
prob 1 em. 

5.2 Internal standan1 solutions: The internal standards recommended are 
l,4-d1chlorooenzene-a4. napntnalene-dg, acenaphthene-dlO• phenanthrene-dlO· 
c~rysene-dl2• and perylene-dl%• Other compounds may be used as internai 
•tandards as long as the requirements given in Paragraph 7.3.2 are met. 
Dissolve ZOO mg of each compound with a small volume of carbon disulfide. 
Transfer to a 50-mL volumetric flaslc and dilute to volume with methylene 
:~loride so that the final solvent is approximately ZOS caroon disulfide. 
~ost of the compounds are also soluble in small volumes of methanol, acetone, 
~r toluene, except for perylene-d12· The resulting solution will contain eac~ 
standard at a concentration of 4,000 ng/uL. Each 1-mL sample extract 
:.ndergo1ng analysis should be spliced with 10 •JL of the internal standard 
solution, resulting 1n a cor.centration of 40 ng/uL of each internal standard. 
Store at 4•c or less when not being used. 

5.3 GC/MS tuning standard: ~ methylene chloride solution containing 
:o ng/uL of ::ecarluorotripnenylphosphine (DFTPP) should be ;Jrepared. 7he 
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7.1.1 Direct injection: In very limited applications direct 
injection of the sample into the GC/MS system with a 10 ul syringe may be 
appropriate. The detection limit is very high (approximately 10,000 
ug/L); therefore, it is only permitted where concentrations in excess of 
10,000 ug/L are expected. The system must be calibrated by direct 
injection. 

7.2 Extract cleanuo: Extracts may be cleaned up by any of the following 
methods prior to GC/HS analysis. 

Comoounds 
Phenols 
Phthalate esters 
Hitrosam1nes 
Organochlorine pesticides & PCSs 
Hitroaromatics and cyclic ketones 
Polynuclear aromatic hydrocarbons 
Haloethers 
Chlorinated hydrocarbons 
Organophosphorous pesticides 
Petro 1 ewn waste 
All priority pollutant base, 

neutral, and acids 

Methods 
3630, 3640, 8040a 
3610, 3620, 3640 
3610' 3620' 3640 
3620, 3640, 3660 
3620, 3640 
3611, 3630, 3640 
3620, 3640 
3620, 3640 
3620, 3640 
3611, 3650 

3640 

!Method 8040 includes a derivatization technique follo~ed by GC/ECO 
analysis, if interferences are encountered on GC/FID. 

7.3 Initial calibration: The recommended GC/MS operating conditions: 

Mass range: 35·500 amu 
Scan time: l sec/scan 
Initial column temperature and hold t1me: 4o•c for 4 min 
Column temperature program: 40-Z7o•c at 1o•c/min 
Final column temperature hold: Z7o•c (until benzo(g,h,i]perylene 

has eluted) 
Injector temperature: ZS0·30o•c 
Transfer line temperature: ZS0-3oo·c 
Source temperature: According to manufacturer's specifications 
Injector: Grob-type, splitless 
Sample volume: 1-Z uL 
Carrier gas: Hydrogen at SO em/sec or helium at 30 em/sec • 

7.3.1 Each GC/MS system must be hardware-tuned to meet the criteria 
in Table 3 for a SO-ng injection of DFTPP. Analyses should not begin 
until all these criteria are met. Background subtraction should be 
straightforward and designed only to eliminate column ~leed or instrument 
background ions. The GC/MS tuning standard should also be used to assess 
GC column performance and injection port inertness. Degradation of DDT 
to DOE and DDO should not exceed 201. Benzidine and pentachlorophenol 
should be present at their normal responses, and no peak tailing should 
be visible. If degradation 1s excessive and/or poor chromatograchy is 
noted, the injection port may require cleaning. It may also be necessary 
to break off the first 5·12 in. of the capillary column. 
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7.4 Daily GC/MS calibration: 

7.4.1 Prior to analysis of samples, the GC/MS tuning standard must 
be analyzed. A 50-ng injection of OFTPP must result In a mass spectrum 
for OFTPP which meets the criteria given in Table 3. These criteria must 
be demonstrated during each 12-hr shift. 

7.4.2 A calibration standard(s) at mid-level concentration 
containing all semivolatile analytes, including all required surrogates, 
must be performed every 12-hr during analysis. Compare the response 
factor data fro• the standards every lZ-hr with the average response 
factor from the initial calibration for a specific instrument· as per the 
SPCC (Paragraph 7.4.3) and CCC (Paragraph 7.4.4) criteria. 

7.4.3 Systea Performance Check Coapounds (SPCCs): A system 
performance cneck must be made dur~ng every 12 hr shift. If the SPCC 
criteria are met, a comparison of response factors is made for all 
compounds. Th1s is the same check that is applied during the initial 
calibration. If the minimum response factors are not met, the system 
must be evaluated, and corrective action must be taken before sample 
analysis begins. The minimum RF for semivolatile SPCCs is 0.050. Some 
possible problems are standard mixture degradation, injection port inlet 
contamination, contamination at the front end of the analytical column, 
and active sftes in the column or chromatographic system. This check 
~st be met before analysis begins. 

7.4.4 Ca11brat1on Check Compounds (CCCs): After the system 
performance check is met, CCCs listed 1n Table 4 are used to check the 
validity of the initial calibration. Calculate the percent difference 
using: 

~! • RFC 
% Difference • X 100 

~I 

where: 

rl!y • average response factor from initial calibration. 

RFc • response factor from current verification check standard. 

If the percent difference for any compound is greater than 20, the 
laboratory should consider this a warning limit. !f the percent 
difference for each CCC is less than 301, the initial calibration 1s 
assumed to be valid. If the criterion is not met ()301 difference) for 
any one CCC, corrective action~ be taken. Problems similar to those 
listed under SPCCs could affect this criterion. !f no source of the 
problem can be determined after corrective action has been taken, a new 
five-point calibration MUST be generated. This criterion MUST be met 
before samp 1 e analysis beg1 ns. -
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7.6.1.1.1 The sample component RRT must compare within 
+ 0.06 RRT units of the RRT of the standard component. For 
reference, the standard must be run within the same lZ hrs as 
the sample. If coelution of interfering components prohibits 
accurate assignment of the sample component RRT from the total 
ion chromatogram, the RRT should be assigned by using extracted 
ion current profiles for ions unique to the component of 
interest. 

7.5.l.1.Z All ions present in the standard mass spectra 
at a relative intensity greater than 10% (most abundant ion in 
the spectrum equals 100% must be present in the sample 
spectru~~. --

7.5.1.1.3 The relative intensities of ions specified in 
Paragraph 7.6.1.1.Z must agree within plus or minus ZO% between 
the standard and sample spectra. (Example: For an ion with an 
abundan~e of SOl in the standard spectra, the corresponding 
sample abundance must be between 30 and 70 percent. 

7.5.1.Z For samples containing components not associated with 
the calibration standards, a library search may be made for the 
purpose of tentative identification. The necessity to perform this 
type of identification will be determined by the type of analyses 
being conducted. Computer generated library search routines should 
not use normalization routines that would misrepresent the library 
or unknown spe~tra when compared to ea~h other. Only after visual 
comparison of sample spe~tra with the nearest library searches will 
the mass spectral interpretation specialist assign a tentative 
identification. Guidelines for sax1ng tentative identification are: 

(l) Relative intensities of major ions in the reference spectrum 
(ions )lOS of the aost abundant ion) should be present in the sample 
spectrum. 

(2) The relative intensities of the major ions should agree within 
+ZOS. (Example: For an ion with an abundance of so: in the 
standard spectrum, the corresponding sample ion abundance must be 
between 30 and 70:). 

(3) Mole~ular ions present in the reference spectrum should be 
present in sample the spectrum. 

(4) Ions present in the sample spectrum but not in the reference 
spectrum should be reviewed for possible background contamination or 
presence of coeluting compounds. 

(S) Ions present in the reference spectrum but not in the samcle 
spectrum should be reviewed for possible subtraction from the sample 
spectrum because of background contamination or coeluting peaks. 
Data system library reduction programs can sometimes create these 
discrepancies. 
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TABLE 5. SEMIVOLATIL£ INTERNAL STANDARDS WITH CORRESPONDING ANALYTES 
ASSIGNED FOR QUAHTITATION 

l,4-0ichlorobenzene-d4 

Aniline 
Benzyl alcohol 
B1s(2-chloroethyl)ether 
B1s(2-chloro1sopropyl)ether 
2-Chlorophenol 
l,J-01chlorobenzene 
1,4-0fchlorobenzene 
1,2-0ichlorobenzene 
Ethyl methanesulfonate 
2-Fluorophenol (surr.} 
Hexachloroethane 
Methyl methanesulfonate 
2-Methylphenol 
4-Methylphenol 
N-N1trosod1methylam1ne 
N-N1troso-d1-n-propylamine 
Phenol 
Phenol-d6 (surr.) 
2-P1col1ne 

(surr.) • surrogate 

Naphthalene-de 

Acetophenone 
Benzoic ac1d 
Bfs(2-chloroethoxy)methane 
4-Ch 1 oroan111 ne 
4-Chloro-3-methylphenol 
2,4-0fchlorophenol 
2,6-0fchlorophenol 
«,«-Ofmethyl-

phenethylamtne 
2,4-0fmethylphenol 
Hexachlorobutadfene 
Isophorone 
2-Methylnaphthalene 
Naphthalene 
Nitrobenzene 
Nitrobenzene-de (surr.) 
2-Nftrophenol 
N-Nitroso-d1-n-butylam1ne 
N-Ni trosopi perf df ne 
1,2,4-Trfchlorobenzene 

8270 - 20 

Acenaohthene-dto 

Acenaphthene 
Acenaphthylene 
1-Chloronaphthalene 
2-Chloronaphthalene 
4-Chlorophenyl 

phenyl ether 
Ofbenzofuran 
Oiethyl phthalate 
Dimethyl phthalate 
2,4-0fnftrophenol 
2,4-0fnftrotoluene 
2,6-0fnftrotoluene 
Fluorene 
2-Fl uorobf phenyl 

(surr.) 
Hexachlorocyclo-

pentad1ene 
1-Naphthylamtne 
2-Naphthylamine 
2-Nftroantlfne 
3-Nftroanflfne 
4-N1troan11fne 
4-N1tropheno1 
Pentachlorobenzene 
1,2,4,5-Tetra-

c:h 1 orobenzene 
2,3,4,6-Tetra

c:h 1 o ropneno 1 
2,4,6-Tribromo

phenol (surr.) 
2,4,6-Tric:hloro

phenol 
2,4,5-Tric:hloro

phenol 
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7.5.2.3 Where applicable, an estimate of concentration for 
noncalibrated components in the sample should be made. The formulas 
given above should be used with the following modifications: The 
areas Ax and Afs should be from the total ion chromatograms and the 
RF for the compound should be assumed to be l. The concentration 
obtained should be reported indicating (l) that the value is an 
estimate and (2) which internal standard was used to determine 
concentration. Use the nearest internal standard free of 
interferences. 

7.5.2.4 Report results without correction for recovery data. 
When duplicates and spiked sa.ples are analyzed, report all data 
obtained with the sa.ple results. 

7.6.2.5 Quantitation of multicomponent compounds (e.g., 
Aroclors) is beyond the scope of Method 8270. Normally, 
quant1tation 1s performed using a GC/ECO by Method 8080. 

8.0 QUALITY CONTROL 

S.l Each laboratory that uses these methods is required to operate a 
formal quality control program. The minimum requirements of this program 
consist of an initial demonstration of laboratory capability and an ongoing 
analysis of spiked samples to evaluate and document quality data. The labor
atory must maintain records to document the quality of the data generated. 
Ongoing data quality checks are compared with established performance criteria 
to determine if the results of analyses meet the performance characteristics 
of the method. When results of sample spikes indicate atypical method 
performance, a quality control check standard must be analyzed to confirm that 
the measurements were performed in an in-contrel mode of operation. 

8.2 Before precessing any samples, the analyst should demonstrate, 
through the analysis of a reagent water blank, that interferences from the 
analytical system, glassware, and reagents are under control. Each time a set 
of samples is extracted or there is a change in reagents, a reagent water 
blank should be precessed as a safeguard against chronic laboratory 
cont&lllination. The blank samples should be carried through all stages of the 
sample preparation and measurement steps. 

8.3 The experience of the analyst performing GC/MS analyses is 
invaluable to the success of the methods. Each day that analysis is 
performed, the daily calibration standard should be evaluated to determine if 
the chromatographic system is operating properly. Questions that should be 
asked are: Co the peaks look normal?; Is the response obtained c~mcarable t~ 
the response from previous calibrations? Careful examination of the standard 
chromatogram can indicate whether the column is still good, the injector is 
leaking, the injector septum needs replacing, etc. If any changes are made to 
the system (e.g, column changed), recal1brat1on of the system must take place. 
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iABLE 6. QC ACCEPTANCE CRITERIAa 

Test L1m1t Range Range 
c:onc:. for s for X P, Ps Parameter (ug/L) (ug/L) (ug/L) (%) 

Ac:enaphthene 100 27.6 60.1-132.3 47-145 Ac:enal)hthylene 100 40.2 53.5-126.0 33-145 Aldrin 100 39.0 7.2-152.2 0-166 Anthracene 100 32.0 43.4-118.0 27.133 Benzo(a)anthrac:ene 100 27.6 41.8-133.0 33-143 Senzo(b)f1uoranthene 100 38.8 42.0-140.4 24-159 Benzo(k)f1uoranthene 100 32.3 25.2-145.7 ll-162 Benzo(a)l))rene 100 39.0 31.7-148.0 17-163 Benzo(gh1 l)erylene 100 58.9 0-195.0 0-219 Benzyl butyl phthalate 100 23.4 0-139.9 0-152 ~-BHC 100 31.5 41.5-130.6 24-149 6-BHC 100 21.6 0-100.0 0-110 Bfs(Z-c:hloroethyl)ether 100 55.0 42.9-126.0 12-158 Bfs(Z-chloroethoxy)methane 100 34.5 49.2-164.7 33-184 B1s(2-c:hloro1sol)ropyl)ether 100 46.3 62.8-138.6 36-166 Bfs(Z-ethylhexyl)phthalate 100 41.1 28.9-136.8 B-158 4-Bromcphenyl phenyl ether 100 23.0 64.9-114:4 53-127 2-Chloronal)hthalene 100 13.0 64.5-113.5 60-118 4-Chlorophenyl phenyl ether 100 33.4 38.4-14-t.7 25-158 Chrysene 100 48.3 44.1-139.9 17-158 4,4'-0DD 100 31.0 0-134.5 0-145 4,4'-0DE 100 32.0 19.2-119.7 4-136 4,4'-00T 100 61.6 0-170.5 D-203 Dibenzo(a,h)anthracene 100 70.0 0-199.7 D-227 Di-n-butyl phthalate 100 16.7 8.4-111.0 1-118 1,2-01chlorobenzene 100 30.9 48.6-112.0 32-129 1,3-01ehlorobenzene 100 41.7 15.7-153.9 0-172 1,4-0fc:hlorobenzene 100 32.1 37.3-105.7 20-124 3,3'-01chlorobenz1d1ne 100 71.4 8.2-212.5 D-262 Dieldrin 100 30.7 44.3-119.3 29-135 Diethyl phthalate 100. 26.5 0-100.0 D-114 Dimethyl phthalate 100 23.2 0-100.0 0-112 2,4-0fnftrotoluene 100 21.8 47.5-125.9 39-139 2,6-01n1trotoluene 100 29.6 58.1-136.7 50-158 01-n-oc:tylphthalate 100 31.4 18.5-131.8 4-146 Endosulfan sulfate 100 15.7 D-103.5 0-107 Endr1 n a 1 dehyde 100 32.5 D-188.8 0-209 F1 uoranthene 100 32.8 42.9-121.3 26-137 F1 uorene 100 20.7 71.6-108.4 59-121 Heptachlor 100 37.2 0-172.2 0-192 Heotaehlor eoox1de 100 54.7 70.9-109.4 26.155 Hexac:hlorobenzene 100 24.9 7.8-141.5 0-152 Hexachlorobutad1ene 100 26.3 37.8-102.2 24-116 Hexachloroethane 100 24.5 55.2-100.0 40-113 
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8.5.6.2 Beginning with Section 8.5.2, repeat the test only for 
those analytes that failed to meet criteria. Repeated failure, 
however, will confirm a general problem with the measurement system. 
If this occurs, locate and correct the source of the problem and 
repeat the test for all compounds of interest beginning with Section 
a.5.2. 

8.6 The laboratory must, on an ongoing basis, analyze a reagent blank, a 
matrix spike, and a matrix spike duplicate/duplicate for each analytical batch 
(up to a Blximua of 20 samples/batch) to assess accuracy. For laboratories 
analyzing one to ten samples per month, at least one spiked sa.ple per month 
is requ1 red. 

8.6.1 The concentration of the spike fn the sample should be 
deter.ined as follows: 

8.6.1.1 If, as in compliance monitoring, the concentration of 
a specific analyte in the sample is· being checked against a 
regulatory concentration limit, the spike should be at that limit or 
1 to 5 times higher than the background concentration determined in 
Section 8.6.2, whichever concentration would be larger. 

8.5.1.2 If the concentration of a specific analyte in the 
sample fs not being checked against a ·limit specific to that 
analyte, the spike should be at 100 ug/L or 1 to 5 times higher than 
the background concentration determined 1n Section 8.6.2, whichever 
concentration would be larger. 

8.6.1.3 If it is impractical to determine background levels 
before spiking (e.;., maximu. holding times will be exceeded), the 
spike concentration should be at (1) the regulatory concentration 
limit, if any: or, 1f none (2) the larger of either 5 times higher 
than the expected background concentration or 100 u;/L. 

8.6.2 Analyze one sample aliquot to determine the background 
concentration (B) of each analyte. If necessary, prepare a new QC check 
sample concentrate (Section 8.5.1) appropriate for the background 
concentration in the sample. Spike a second sample aliquot with 1.00 mL 
of the QC check sample concentrate and analyze it to determine the 
concentration after spiking (A) of each analyte. Calculate each percent 
recovery {p) as lOO(A·S)S/T, where T is the known true value of the 
spike. 

8.6.3 Compare the percent recovery (p) for each analyte with the 
corresponding QC acceptance criteria found in Table 6. These acceptance 
criteria were calculated to include an allowance for error in measurement 
of both the background and spike concentrations, assuming a spike to 
background ratio of 5:1. This error will be accounted for to the extent 
that the analyst's spike to background ratio approaches 5:1. If spiking 
..,as performed at a concentration lower than 100 ug/L, the analyst must 
use either the QC acceptance criteria presented in Table 6, or optional 
QC acceptance criteria calculated for the specific spike concentration. 
To calculate optional acceptance criteria for the recovery of an analyte: 
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TABLE 7. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION• 

Parameter 

Acenaphthene 
Acenaphthylene 
Aldrin 
Anthracene 
Benzo(a)anthrac:ene 
Chloroethane 
Senzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)p~rene 
Benzo(gh1 1perylene 
Benzyl butyl phthalate 
,6-BHC 
6-BHC 
B1s(2-chloroethyl)ether 
Sls(2-chloroethoxy)methane 
Sls(2·c:hlorolsopropyl)ether 
B1s(2-ethylhexyl)phthalate 
4-Bromcphenyl phenyl ether 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Chrysene 
4,4'-0DD 
4,4'-0DE 
4,4'·0DT 
01benzo(a,h)anthracene 
01-n-butyl phthalate 
1,2-Dfchlorobenzene 
1,3-0fc:hlorobenzene 
1,4-Dfc:hlorobenzene 
3,3'-0fchlorobenzfdfne 
D1eldrfn 
D1ethyl phthalate 
Dimethyl phthalate 
2,4-01n1trotoluene 
2,6-01n1trotoluene 
D1-n-octylphthalate 
Endosulfan sulfate 
Endrin aldehyde 
Fluoranthene 
Fluorene 
Heptachlor 
Heptac:hlor epoxide 
Hexac:hlorobenzene 
Hexachlcrobutadiene 
Hexac~loroethant 

Accuracy, as 
recovery, x • 

(ug/1.) 

0.96C+0.19 
0.89C+0.74 
0.78C+1.66 
O.SOC+0.68 
o.aac-o.6o 
0.99C-1.Sl 
0.93C-1.80 
0.87C-1.56 
0.90C-0.13 
0.98C-0.86 
0.66C-1.68 
0.87C-0.94 
0.29C-1.09 
0.86C·1.54 
1.12C-5.04 
l.03C-2.31 
0.84C-1.18 
0.91C-1.34 
0.89C+0.01 
0.91C+0.53 
0.93C-l.OO 
0.56C-0.40 
0.70C-O.S4 
0.79C-3.28 
0.88C+4.72 
O.S9C+0.71 
O.SOC+0.28 
0.86C-0.70 
0.73C-1.47 
l.23C-12.6S 
0.82C-0.16 
0.43C+1.00 
0.20C+1.03 
0.92C-4.81 
1.06C-3.60 
0.76C·0.79 
0.39C+0.41 
0.76C-3.86 
0.81C+1.10 
o.9oc-o.oo 
0.87C-2.97 
0.92C-1.87 
0.74C+0.66 
0.7lC-l.01 
0.73C-0.83 
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Single analyst 
precision, sr' 

( ug/1.) 

0.1SY-0.12 
0.24'X-1.06 
o.2n-1.28 
0.21'X-0.32 
0.1SY+0.93 
0.14'X-0.13 
0.22%+0.43 
0.19%+1.03 
0.22%+0.48 
0.29%+2.40 
0.18!+0.94 
0.20%-0.58 
0.34'X+0.86 
0.3S'X-0.99 
0.15%+1.34 
0.24'X+0.28 
0.25%+0.73 
0.13'X+0.66 
0.07'X+O.S2 
0.20%-0.94 
0.28!+0.13 
0.29%-0.32 
0.25%-1.17 
0.42%+0.19 
0.30%+8.51 
0.13'X+1.16 
0.20X+0.47 
0.2SY+0.68 
0.24'%+0.23 
0.28!+7.33 
0.20'X-0.16 
0.28!+1.44 
0.5"'X+0.19 
0.1ZX+l.06 
0.14'X+l.26 
0.2l'X+l.l9 
O.lZX+2.47 
0.18!+3.91 
o.2zx-o.73 
0.1ZX+0.26 
0.24'%-0.56 
0.33'X-0.46 
0.18!-0.10 
0.19%+0.92 
O.l7'X+0.67 

Overall 
precision, 
s· (ug/1.) 

0.21'X-0.67 
0.26l'-0.54 
0. 43'X+l.l3 
o.2n-o.64 
0.26l'-0.21 
o.1n-o.2a 
0.29%+0.96 
0.3S'X+0.40 
0.32%+1.35 
O.S1'X-0.44 
0.53'X+0.92 
0.30X+1.94 
0.93'X-O.l7 
0.3S'X+0.10 
0.25%+2.01 
0.2SY+l.04 
0.36l'+0.67 
0 .16l'+O. 66 
0.13'X+0.34 
o:3ax-o.46 
0.33'X-0.09 
0.65%-0.96 
0.39%-1.04 
0.65%-0.58 
0.59%+0.25 
0.39%+0.60 
0 .24'%+0 .39 
0.41'X+O.ll 
0.29%+0.36 
0.47'X+3.45 
0.26l'-0.07 
0.5ZX+0.22 
l.OS'X-0.92 
0. 21'%+ 1. 50 
0.19%+0.35 
0.37'%+1.19 
0. 63'X-l. 03 
0.73'X-0.62 
0.28!-0.60 
0.13'X+O.Sl 
O.SOX-0.23 
0.28!+0.64 
0.43'X-O.S2 
0 .26l'+O. 49 
0.17'%+0.80 
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8.9.1 Far each sample analyzed, calculate the percent recovery of 
each surrogate in the sample. 

8.9.Z Once a minimum af thirty samples of the same matrix have been 
analyzed, calculate the average percent recovery (P) and standard 
deviation at the percent recovery (s) for each of the surrogates. 

8.9.3 For a given matrix, calculate the u~~er and lower control 
limit for method performance for each surrogate standard. This should be 
done as follows: 

Upper Control Limit (UCL) • p + 3s 
Lower Control Limit (LCL) • p - 3s 

8.9.4 Far aqueous and soil zatrices, these laboratory established 
surrogate control limits should, if applicable, be compared with the 
control limits listed fn Table 8. The limits given fn Table 8 are multi-
1 aboratory performance based lfmi ts for so11 and aqueous samp 1 es, and 
therefore, the single-laboratory limits established in Paragraph 8.9.3 
must fall within those given in Table 8 for these matrices • 

8.9.5 If recovery is not within limits, the following procedures 
are required • 

• Check to be sure there are no errors in calculations, 
surrogate solutions and internal standards. Also, check 
instru.ent 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.· 

8.9.6 At a minimum, each laboratory should update surrogate 
recovery limits on a matrix-by-matrix basis, annually. 

8.10 It is recommended that the laboratory adopt additional quality 
assurance practices for use with thfs method. The specific practices that are 
most productive depend upon the needs of the laboratory and the nature of the 
samples. Field duplicates .ay be analyzed to assess the precision of the 
environmental measurements. When doubt exists aver the identification of a 
peaK on the chromatogra., confirmatory techniques such as gas chromatography 
wfth a dissimilar column, specific element detector, or mass spectrometer must 
be used. Whenever possible, the laboratory should analyze standard reference 
materials and participate 1n relevant performance evaluation studies • 
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9.0 METHOD PERFORMANCE 

PROCEDURE NO: 
321-HS-010 

9.1 Method 8250 was tested by 15 laboratories using reagent water, 
drinking water, surface water, and industrial wastewaters s~iked at six 
concentrations over the range 5-1,300 ug/L. Single o~erator accuracy and 
precision, and method accuracy were found to be directly related to the 
concentration of the analyte and essentially ind~endent of the- sample matrix. 
Linear equations to describe these relationships are presented 1n Table 7. 

10.0 REFERENCES 

1. u.s. EPA 40 CFR Part 135, "Guidelines Establishing Test Procedures for the 
Analysis of Pollutants Under the Clean Water Act, Method 625," October Z6, 
1984 • 

z. u.s. EPA Contract Laboratory Progr .. , State.ent of Work for Orqanic 
Analysis, July 1985, Revision. 

3. Provost, L.P. and R.S. Elder, "Interpretation of Percent Recovery Data,• 
American Laboratory, ~. 58-63, 1983. 

4. Eichelberqer, J.W., L.E. Harris, and W.L. Budde, "Reference Compound to 
Calibrate Ion Abundance Measurement in Gas Chromatography-Mass Spectrometry 
Systems,• Analytical Chemistry, !!• 995-1000, 1975. 

5. "Method Detection Limit for Methods 624 and 625," Olynyk, P., W.L. Budde, 
and J.w. Eichelberqer, Un~uolished report, October 1980. 

6. "Interlaboratory Method Study for EPA Method 525-Base/Neutrals, Acids, and 
Pest1c1des,• Final Report for EPA Contract 68-03-3102 (1n preparation). 

7. Burke, J.A. "Gas Chromatography for Pest1c1de Residue Analysis; Some 
Practical As~ects,• Journal of the Association of Official Analytical 
Chemists, !!r 1037, 1965 • 
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Cheek that the standby (SB) and fatigue (FAT) lights are lit 

and the HV power switch is ON then check that the argon tank 

main valve is open and the tank is not empty. 

Check that the pressure is 50 psi (350 kPa). If the pressure 

is not correct. adjust it by turning the regulator valve 

handle. Turn on the plasma work coil coolant water and exhaust 

vents. 

Check that the drain tube is inserted into a plastic water 

bottle containing at least 8 inches of water. Insure that no 

dips develop in the tube. Waste solution can collect in thea. 

impeding drainage. 

Check that the BLUE "R.F. OFF" lamp on the generator control 

panel is illuminated. This lamp comes on automatically about· 5 

minutes after the generator is switched on. PROVIDED ALL 

INTERLOCKS ARE CLOSED. If this lamp is OFF • check water and 

argon for adequate supply pressure and check that the plasma 

chamber door is properly closed. 

Turn on the Torch and Auxiliary gas toggle switches. If the 

center of the bead in the Torch line flowmeter does not read 

18. adjust to this value using the control knob located behind 

the side door of the torch compartment (near the rear pressure 

gauge). 

Turn the Sample gas control knob until the bead in the Sample 

line flowmeter reaches a value of 0.6 • 

ORGANICS ONLY - Turn knob of the Auxiliary flow control until 

the flowmeter reads 1.5. 
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Return forward power to zero. 

If the OL light is lit, then turn the forward power 

rheostat fully counterclockwise and press the OL button. 

Turn up forward power to 0.5 kW, and turn the tuning dial 

slightly to try to reignite. 

Observe the color of the excited gas, it should be white. 

Orange or red tinges indicate torch overheating. If you see 

colored light, open the front access door. .his breaks the 

load circuit, and extinguishes the plasma. If the torch is 

glowing red, it is overheating. Reasons for overheating are as 

follows: 

a. 

b. 

The gas flow is inadequate to maintain the position of the 

vlasma. Either the gauges are malfunctionina. the pres

sures are not set correctly. the rates of flow are not sat 

correctly. or a leak has developed. To recover, set the 

valves correctly of replace faulty equipment. Raplaceaant 

requires a nightly shutdown. 

The torch is not positioned correctly with respect to the 

coil. The torch may be too far up in the coil. Recover 

by repositioning the torch so the bottom of the coil is 

2-3 ma from the nozzle of the sample line conduit. 

Turn the forward power rheostat fully counterclockwise and 

close the front access door • 

17. Once the plasma is lit. rotate the forward power rheostat knob 

until the forward power meter reading is 1.0 - 1.1 kW for 

aqueous solutions or 1.5 - 2.0 kW for organic solutions. 
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4.3. If your sample contains high dissolved solids. clean the 

nebulizer. In some severe cases it may also be necessary to 

remove the torch and clean it in the same manner to prevent 

solidification of solids at the sample orifice tip. 

4.4. Reduce the rate of argon flow. Two alternative procedures 

exist: total gas shutdown and partial gas shutdown. Use the 

total shutdown for spectrometers without a vacuum system and 

for vacuum systems when you have decided to turn off the POPS 

line flow. Partial shutdown must be selected when the POPS 

purge remains on. 

a. Total Shutdown: Turn off the gaa at the tank while the 

toggle switches are still open. When both gauges on the 

tank read o. turn OFF the toggle valves • 

b. Partial Shutdown: Since the POPS requires more gas to 

re-purge the system. than to maintain the inert atmosphere. 

partial shutdown is recommended for vacuum syst.... For 

partial shutdown. tttrn OFF the torch gases at the gas 

panel. but leave ON the gas tank and the purge toggle 

switch. 

4.~ Turn off the torch coolant water either at the tap or at the 

user-installed supply apparatus. 

4./J,. Turn off any user installed ezhaust systems. 

COMPUTER START-UP 

5.1 The thermo SPEC software is resident on the computers hard 

disk. The software will be automatically loaded as soon as the 

computer is turned on. The thermo SPEC software is a compre

hensive series of interwoven programs designed to carry out all 
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refrac~or pla~e microme~er screw or ~urns the knob of the 

op~ical moni~oring sys~em and observes the profile meter. The 

setting of mazimwa intensity is the correct one. To improve 

precision. use the average of the two settings at 75% intensity 

on either side of the observed maximum. Note that a vacuum 

spectrometer must be profiled for daily use only when air 

pressure in the chamber is low enough for operation. Of 

course. you would not be using the spectrometer for daily 

analysis unless that were the case. 

6.6 Profiling should be performed at least twice a day to coapeo

sate for diurnal changes. In the air spectrometer. the ai~ 

pressure can change. resulting in a slight change in the indez 

of refraction. If t .. perature. prea.ure. and buaidity are 

controlled. profiling twice a day will be more than adequa~e. 

If the atmosphere aua·the climate is suc:Q.,tD&~ daily c~ 

are extreme. profiling every few hours is sugg .. ~ed • 

EN'l'ERilG PROFILE 

7.1 Profile may be entered from a number of points within the 

ThermoSPEC software. Entry points are available from ANALYSIS. 

CALIBRATION. and both WAVELENGTH and TIME SCANS in addition to 

pressing <Profile> froa the Operation menu. However. in normal 

daily operation. the en~ry path will be from the ANALYSIS Menu. 

In each case. Profile is entered by pressing <Profile>. The 

default line is shown on the screen. toge~her with options for 

Manual or Automatic Profile. or selecting a line. Select the 

desired option and follow the instruc~ions which will appear on 

the screen. Additional ina~ructions are available by pressing 

<HELP>. Manual profiling is usually more accurate and should 

be performed as the first profile ·of the day. Subsequently • 

Automatic Profile may be used as a check. In general. if an 

automatic profile results in a displacement of the refrac~or 
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8.4. Prus <Manual> to select Manual Profile. Full directions will 

be provided on the screen for carrying out the profiling 

function. Carefully turn the micrometer screw in the direction 

specified in the instructions which appear on the screen. The 

micrometers used on the air and vacuum systems are shown 

schematically in Figures 7-6 and 7-7 respectively. When 

profiling is complete. press <Done/Keep> to accept the profile. 

and return the mercury lamp to its original position in the air 

spectrometer. or turn the shutter control to the closed posi

tion on the vacuum spectrometer. 

STANDARDIZATION 

9.1 Standardization is that process of correcting the ayst8R to the 

original calibration to account for small differeuc .. in 

instrument parameters. Plasma standa~dization always uses ~o 

point standardization. with the reagent blank as the lov 

standard. The high standard should be at least 1.000 x the 

detection limits. The frequency of standardization depends on 

machine drift and how much accuracy you desire. 

a. Standardize 

When you first turn on the computer. the ICP software will 

load automatically. The first screen that appears will be 

the instrument function screen. 

Operations Methods !!! System !!!! 
All profiling. standardizing and analysis taka place in 

the operations mode. 
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After all the standards have been run. a standardiza-

tion report is displayed. If all data is acceptable press 

<F9> = Done/Keep. The ICP is now standardized and ready 

to analyze samples. 

The calibration standards used are custom blend standard 

concentrates from SPEX. Currently three mixed standards 

(xRAD-1. xRAD-2. and xRAD-3) are being used. To make 

working standards we make one to twenty (5 mL in a 100 mL 

volumetrically) dilutions of the concentrat... The table 

below lists the standards and the working concentrations. 

xRAD-1 ui!L xRAD-2 ui!L xRAD-3 ualL 
B 5 CA 100 Ag 5 
p 5 NA 100 AS 5 
Mo 5 K 100 BA 5 
Sb 5 AL 50 BB 5 
Si 5 Hg 50 Ccl 5 
SN 5 Co 5 

cu 5 
FB 5 
HR 5 
Ni 5 
Pb 5 
SE 5 
TL 5 
v 5 
ZN 5 
SR 5 

The fourth standard is the blank. For optimum results the 

blank. standards. and samples should contain the same type 

and concentration of acid. 

Analysis 

This module contains the procedures uaed every day to 

analyze samples. These procedures include profiling. 
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standardization. and sample analysia. Daily operation 

assumes the instrument haa been optimized for the analysis 

in question and. if necessary. calibrated. 

The Analysis module is entered by selecting Operation from 

the Main Menu. followed by selecting Analysis from the 

Operation Menu. IMmediately upon selecting Analysis. a 

Method Name will be requested. You may supply this by typ

ing it or by pressing <List> and choosing from the list of 

available Method names. Once the Method name is supplied. 

it will be displayed. This will be the asswud. starting 

point for all procedures described in this section. 

Example of the Main Menu - - - Getting Next Action 

NEWMTD 
Command: 

Analysis I Operation I MaiD Menu 

Fl = Analyze · F2 = QC Stndrcl 
!3 = Stndrdize F4 = Blank 

Press a Function Key. or F5 = Profile F6 = 
Enter Command and press <Return> 
<Page> keys active 

F7 = FS = ALT Opts 
F9 = Autosaplr FlO = HELP 

c. Beginning Analysis 

From the Analysis screen the following procedures may be 

carried out (in adclition to Profile and Standardization). 

Additional operating instructions are available at every 

stage by pressing <HELP>. 

Three types of samples may be identified; unknowns. QC 

Check Samples and blanks. While analysis of each is 
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analysis will be reported based on the Output para-· 

meters in the "Analysis". 

PAGE: 

4. Whenever <Analyze> is pressed, the screen shown below 

appears. 

Getting Sample Information I Analysis I Operation I Main Menu 
NE'WM'l'D Unknown 

Output Mode = Concentration 
Background Correction = Yes 
Limit Check Table = LC'l'AB 
Override Print Limits1 = No 

Sample Name 
Co~~~~ent 

Operator m 
Corr. Factor 
Cust. m 
cuat. Samp. m: 
Lab. m 

Introduce Unknown aad Preas 

Enter Sample N ... 
(up to 20 characters) 
<Arrow> keys active 

Blank Subtraction = No 
Limit Checkina = No 
Override Significant lipru1 = No 

<RUN> 
ll = RUN !2 = OUi"PUT 
!3 = !'~ = 
rs = !6 = 
Y1 = rs = 
F9 = FlO = HELP 

e. Editing S!!pl• Information 

At this point you may type in aample information using the 

arrow keys to select the information field. 

GENERATING A REPORT 

1. Press <ESC> twice to get to DOS window. To exit to DOS, line 

up cursor to DOS symbol and prua. enter. 
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11.0 Maintenance 

11.1 CLEANING AIR FILTERS 

R.F. Generator Alters 

The washable air filter for the axiaJ fan at the top rear 
of the instrument shoutd be deaned fNfKY three waetca. 
This depends on the use of the R.F. generater, cleenti
nesa of the room, and position of the generatt1t. 

'w\Wnlllg 
There are LETHAL VOLTAGES within the R.F. 
genelatcr. ,...._ tauch anything within it. ~ 
out first UNPlUGGING the power card. and 
GROUNDING the capacitars using the ground 
wand provided • 

1. Remove the four filter screws and slide the 
filter sidlway8 out of the mounting raiiL 

2. \W:uum bath sides of the filter. 

3. If grease or oily dirt remain on the filter. flush it. 
thrOugh hat, soapy water. 

4. Rinse thoroughly so that no so_, film 
remains. 

5. Dry the filter with a vacuum cleiiMr or ather 
airaoun:e. 

I. RMIIII .... will li' fllt8r oil to reet11n a 
clult ...... prcplrtiiL 

COmputer Filter 

The filter on the baCk Pane6 of the camputar's key
board compartment must be cleaned fNfJrf three weeks 
oraarwc1 J'~ 

1. Pul dawn the back panel of the keyboard 
compartment box. There are magnets that 
hold the baCk panel in ptace so you have to 
pull hard. 

2. Slide out tiW eqa,.w ... D:at8d on 1ha kMw 
left of tiW PMif. 

3. ClaM ttwfbrwiltlmild 101P in-wata 

4. RIMe and dly the ... ~ .,... 
·~it. ' 

5. Slide .. ftnerlniD 181NU111ng .... dale 
the back pall 

11.2 REPLACING A PLASMA 
TORCH 

Removing the Plasma Torch 

1. Rllrnc:w8 tiW jon damp that COI'iiiKta the 
torch to the mixing c:harnbK 

2. Unacrew the ccftlr ICniW and remawt the left 
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side of the COllar. 

3. carefully siide out the torch by towering it 
dowrtWal'd through the work coil. 

4. Disconnect the tubing fer the torch and aud
iary argon inlets and the tr.ia coil connection 
located on the torch. 

Installing and Aligning the Plasma 
Torch 

1. 

2. 

3. 

4. 

Reconnect atl the tubings and the tesla coil 
connection. (Coil connection goes to top c:oot
ant gas tube). 

Insert the torch by sliding it upward through 
the work coil. 

Repace the joint clamp so it ~ps the torch 
to the mixing chamber. 

Scr8w on the left side of the cot1ar. 

5. Adjust and center the torch in the wark coil so 
there is 2 mm betrMen the botiDm of the work 
coil and the top of the inner tube of the torch. 

6. Check that the wark coil is 0.5 incMI in CMII'· 
atl height If not carefully expand or compress 
the coil. 

7. Center the torch in the wark coif by • alaar"ng 
the two screws on the chamber mold lkMty 
moving the mixing ct1arnblr bEk and b1h. 

a. Tighllln the chamber mount screws when the 
torch is in correct position. 

Removing the Mixing Chamber and 
Drain 

There may be a time when removing the mixing 
chamber and drain is required. Below are the instruc· 
tiona: 

101 

1. Folk7N the directions fer removing the ptasma 
torch in the previous sectiOn Removing the 
Ptalma Torch. 

2. Remow the two shOrt thumb screws located 
on the chamber mount. 

3. Slide off the top pan of the chamber mount. 

4. 

5. 

•• 

AernoYe the drain by CINfully railing 1he mix· 
ing chamblr and pulling .. drain out: 

.-... 
-~ 
~ 

. . .~,: . .. ·...,_;.J 

11.3 CLEANINGTHi: .. : 
NEBUUZER 

Occ8lionaly the capillary in the nebulizer becomas 
plugged Wiltl lint, dUll. or IUIPIIIded IOiida in the..,.. 
causing a decreaae in analyticlll ~or no signal at 
atl. This can be chedcad by measuring the same* uptake 
rata in murnin. 

1. Disconnect the peristaitic pump tubing if 
applicable. 

2. Di8cannact the argon line to the nebUlizer. 

3. AlmoYe the nebWizer from the mixing cham
ber. 

'---------------------------------------~ 
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N/A 

1.0 PURPOSE 

2.0 

1.1 This SOP supplements EPA Method 8000. SW846. 3rd Ed. 

1.2 This SOP describes the documentation necessary for sample analyses. 

1.3 This SOP explains the steps necessary to generate a report from the GC 
lab data. 

SAMPLE CONTROL 

2.1 The steps for handling samples between Sample Control and the GC lab 
can be found in the Sample Control SOP I 325-GC-006. 

2.2 Sample Control (Sam•) will generate the necessary worksheets for each 
work order. These will include the following information: client. 
tests required. date sample collected. and worksheets for data. 

2.3 Each Sam work order is logged into the client logbook (see Figure 1). 
Each client will have a page. Each page includes the work order. the 
number of samples. the matrix spikes (MS). and the matrix spike 
duplicates (MSD) to be run. When the work order is completed. the 
correct number of MS/MSD's is entered and the work order is marked 
"Complete." 

2.4 A file folder is made for each Sam work order. The label will have 
the Sam number. client. tests. number of samples. and hold time 
expiration date. 

3.0 DOCUMENTATION 

3.1 For a detailed description of any of the following documentation. see 
the appropriate method SOP. 

• 
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4.7 A quality traveler is filled out and sent to Document Control with 
each report before it is finalized (see Figure 7). This serves as a 
final check of all details of the report before it is sent to the 
client • 

DATA REVIEW 

5.1 A copy of the chromatograms of the system blank, EPA QC check, 
calibration standard, and reagent blank should accompany each set of 
samples for a chromatograms work order. 

5.2 The necessary MS/MSD results will also accompany the work orders. The 
data from the MS/MSD are transferred to the appropriate spike form 
(see Figures 8 and 9). 

5.3 The following considerations need to be made during the review process: 

5.3.1 The system blank should be clean. If it is not, it should be 
rerun until the system is clean. 

5.3.2 The reagent blank should contain no analytes at a concentration 
greater than the detection limit. If it was a methanol reagent 
blank, it is possible there may be some contamination. If 
there is contamination in the methanol reagent blank, it is 
reported in Sam. Any samples run based on that reagent blank 
will have the data found in the reagent blank flagged with a B. 
This indicates that the analyte was also found in the reagent 
blank • 

5.3.3 The concentration determined of all compounds in the QC samples 
must be within the acceptance limits. If not, the QC must be 
rerun. If it was rerun and a compound was still out, the 
compound needs to be flagged with a Q on all related runs. For 
example, if toluene was out on the QC. the data for the reagent 
blank and all the samples must have a Q next to the toluene 
results. 

5.3.4 The surrogate recovery for each run should be within control 
limits. If an out-of-control result was caused by a matrix 
effect, the result should be flagged with a Q. If it is not 
due to a matrix effect, the sample should be rerun. 

5.3.5 Quantitation of an analyte should be within the calibration 
range. If it is out of range, the sample must be run at a 
different dilution. Results for one sample may need to be 
reported from two different dilutions. If so, the compound 
from the different dilution needs to be flagged with a "D." 

5.3.6 Recoveries of spiked analyte in the MS/MSD should be within 
acceptance limits. Any recoveries outside limits are flagged 
with a Q. The relative per cent difference between the MS and 
MSD recoveries should be <25. If the RPD is >25, the analyte 
is flagged with a Q on the sample that was spiked. 
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1.1 Gas ch~togra~hy is a quantitative analytical technique useful for 
organic compounds c~aole of being volatilized without being decomposed or 
cnlllically rearranged. Gas chro~~atogra~hy (GC), also known as vapor phase 
chromatogra~hy (VPC), has two subcategories distinguished by: gas-solid 
chromatogr~hy (GSC), and gas-liquid chromatogra~hy (GLC) or gas-liquid 
partition chromatogra~hy (GLPC). Thfs last groCl;) 1s the 1110st co111110nly used, 
distinguished by type of column adsorbent or packing. 

1.2 The gas ehromatogra~h1c methods are recom~ended for use only by, or 
under the close s~ervision of, experienced residue analysts. 

2.0 SUMMARY OF METHOD 

2.1 Each organic analytical method that follows provides a recommended 
technique for extraction, cleanu~, and occasionally, der1vat1zation of the 
samples to be analyzed. Before the p~ared sample is introduced into the GC, 
a procedure for standardization .ust be followed to determine the recovery and 
the limits of detection for the analytes of inte~st. Following sa.ple 
introduction into the GC, analysis proceeds with a co~arison of sample values 
with standard values. Quantitative analysis is achieved through integration 
of peak area or measurement of peak height. 

3 • 0 INTERFERENCES 

3.1 Contamination by carryover can occur whenever high-level and low
level =amples are sequentially analyzed. To reduce carryover, the sample 
syringe or purging device must be rinsed out between samples with reagent 
water or solvent. Whenever an unusually concentrated sample 1s encountered, 
ft should be followed by an analysis of a solvent blank or of reagent water to 
check for cross contamination. For volatile samples containing large amounts 
of water-soluble mater1als, suspended solids, high boiling compounds or high 
organohalide levels, ft may be necessary to wash out the syringe or purging 
device with a detergent solution, rinse 1t with distilled water, and then dry 
1t fn a tos•c oven between analyses • 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: analyt1cal system complete with gas chromato
graph suitable for on-column injections and all required accessories, 
1ncluding detectors, column su~plies, recorder, gases, and syringes. A data 
system for measuring peak height and/or peak areas 1s recommended. 
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The results can be used to prepare a calibration curve for each 
analyte. Alternatively, for samples that are introduced fnto the 
gas chromatograph using a syringe, the ratio of the response to the 
amount injected, defined as the calibration factor (CF), can be 
calculated for each analyte at each standard concentration. If the 
percent relative standard deviation (SRSD) of the calibration factor 
1s less than 201 over the working range, linearity through the 
origin can be assumed, and the average calibration factor can be 
used in place of a calibration curve. 

• C lib t1 f t • Total Area of Peak 
a ra on ac or Mass tnjectld (1n nanograms) 

•For multiresponse pest1cfdes/PC8s use the total area of all peaks 
used for quantftation. 

7.4.2.3 The·working calibration curve or calibration factor 
must be verified on each working day by the injection of one or ~~~are 
cal1bratfon standards. The frequency of verification is de1)endent 
on the detector. Detectors, such as the electron capture detector, 
that operate f n the sua-nanogr111 range are ~~~are suscepti b 1 e to 
changes fn detector response caused by GC column and sample effects. 
Therefore, more frequent ver1f1cat1on of calibration ts necessary. 
The flame 1onizat1on detector fs much less sensftfve and requires 
less frequent verification. If the resoonse for any anaJyte varies 
from tbe predicted response by ~~~are than +15%, a new calibration 
curve must be prepared for that analyte. 

R - ~ 
Percent Difference • 1 R x 100 

1 
where: 

Rt • CAlibration Factor fro. first analysts. 

Rz • Calibration Factor from succeeding analyses. 

7.4.3 Internal stanaard ca11brat1on procedure: 

7.4.3.1 To use this approach, the analyst must select one or 
more internal standards that are similar tn analytical benavfor to 
the compounds of fnterest. The analyst must further demonstrate 
that the measurement of the fnternal standard fs not affected by 
method or matrix interferences. Due to these 11mitat1ons, no 
fnternal standard applicable to all samples can be suggested. 

7.4.3.2 Prepare calibration standards at a minimum of five 
concentration levels for each analyte of fnterest by addfng volumes 
of one or more stock standards to a volumetric flask. To each 
calibration standard, add a known constant amount of one or more 
internal standards and dflutt to volume with an appropriate solvent. 
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standard deviation of the three retention times for that peak. The peak 
chosen should be fairly immune to losses due to degradation and 
weathering in sa.ples. 

7.5.2.1 Plus or minus three times the standard deviation of 
the absolute retention ti.,s for each standard will be used to 
define the retention ti., window: however, the experience of the 
analyst should weigh heavily in the interpretation of chro.atogra.s. 
For multiresponse products (i.e., PC8s), the analyst should use the 
retention ti .. window but should pr1.ar11y rely on pattern recog
nition. 

7.5.2.2 In those cases where the standard dev1at1on for a 
parti cu 1 ar standard 1 s zero, the 1 aboratory 1111st suast1 tute the 
standard deviation of a close eluting, similar compound to develop a 
valid retention time window. 

7.5.3 The laboratory iust calculate retention time windows for each 
standard on each GC column and whenever a new GC column fs installed. 
The data IIUSt be retained by the laboratory. 

7.5 Gas chromatographic analysis: 

7.6.1 Introduction of organic compounds fnto the gas chromatograph 
varies depending on the volatility of the compound. Volatile organics 
are pr1 .. r11y introduced by purge-and-trap (Method 5030). However, there 
are limftld applications where direct fnject1on fs acceptable. Use of 
Method 3810 or 3820 as a screening technique for volatfle organic 
analysis may be valuable with so .. sample matrices to prevent overloading 
and contamination of the GC systems. Semivolatfle organics are 
introduced by direct injection. 

7.6.2 The appropriate detector(s) fs given in the speciffc method. 

7.6.3 Sa.ples are analyzed fn a set referred to as an analysis 
sequence. The sequence begins with instrument calibration followed by 
sample extracts interspersed with multilevel calfbratfon standards. The 
sequence ends w~en the set of samples has been injected or when 
qualitative and/or quantitative QC criteria are exceeded. 

7.6.4 Ofrect Injection: Inject 2-5 ul of the sample extract using 
the solv•nt flush technique. Smaller (1.0-ul) volumes can be injected ff 
automatic devices are employed. Record the volume injected to the 
nearest 0.05 uL and the resulting peak size 1n area units or peak height. 

7.6.5 If the responses exceed the lfnear range of the system, 
dilute the extract and reanalyze. It fs recommended that extracts be 
diluted so that all peaks are on scale. Overlapping peaks are not always 
evident when peaks are off scale. Computer re~roductfon of 
chromatograms, manipulated to ensure all peaks are on scale over a 100-
fold range, are acce~taole 1f 11near1ty 1s demonstrated. Peak hefght 
measurements are recommended over peak area integrat1on when overlap~ing 
peaks cause errors 1n area fntegrat1on. 
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7.7.2 tap111•ry calu.ns: Clean and deactivate the glass injection 
port insert or replace with a cleaned and deactivated insert. Break off 
the first few inches, up to one foot, of the fnject1on port side of the 
column. Remove the column and solvent backflush according to the 
manufacturer's instructions. If these procedures fail to eliminate the 
degradation proale., it may be necessary to deactivate the metal fnjector 
body and/or replace the column. 

7.7.3 Mltll injector body: Turn off the oven and re.ove the 
analytical colu.n when oven has cooled. R..ave the glass injection port 
insert (instru~ents with off-column injection or Grab). lower the 
injection port t.-perature to roo. teaperature. Inspect the injection 
port and remove any noticeaale foreign sater1al. 

7.7 .3.1 Phct a beaker beneath the injector port inside the GC 
oven. Using a wash bottle, serially r1nse the ent1re inside of the 
injector port with acetone and then toluene: catching the rinsate in 
the beaker. 

7.7.3.2 Prepare a solution of deactivating agent (Sylon-CT or 
equivalent) following manufacturer's directions. After all metal 
surfaces inside the injector body have been thoroughly coated with 
the deactivation solution, serially r1nse the fnjector body with 
toluene, methanol·,acetone, and hexane. Reassemble the injector and 
rep 1 ace the GC co 1 u.n. 

7.8 Calculations: 

7.8.1 External standard calibration: The concentration of each 
analyte in the sample may be determined by calculating the amount of 
standard purged or 1 njected, from the peak response, using the 
calibration curve or the calibration factor determined 1n Paragraph 
7.4.2. The concentration of a specific analyte is calculated as follows: 

Aqueous samp 1 es: 

Concentration (ug/l) • ((Ax)(A){Vt)(O)]/((A5 )(Vf)(V5)] 

where: 

Ax • Response for the analyte in the sample, units may be 1n area 
counts or peak height. 

A • Amount of standard injected or purged, ng. 

As • Response for the external standard, units same as for Ax. 

Vi a Volume of extract injected, uL. For purge-and-trap analysis, 
Vi fs not applicable and therefore • 1. 

0 • Dilution factor, 1f dilution was made on the sample prior to 
analysts. If no d11ut1on was IDide, 0 • l, dimen"S1onless. 
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A5 , Ctsr 0, Aisr and RF have the same definition as for aqueous 
samples. 

8.0 QUALITY CONTROL 

8.1 Each laboratory that uses these methods fs required to operate a 
forma 1 qua 1 f ty contra 1 progra. The 11i ni.,. requirements of this program 
consist of an fnftial demonstration of laboratory capability and an ongoing 
analysis of spiked sa.ples to evaluate and docu.ent qualfty data. The 
l&boratory must .afntain records to document the quality of the data 
generated. Ongoing data quality checks are ca.pared with established 
performance criteria to determine ff the results of analyses meet the 
performance characteristics of the method. When results of sa.ple spikes 
indicate atypical ~ethod perfor.ance, a quality control check standard .ust be 
analyzed to confirm that the ~easurta~~nts wen perfo'f'lled in an fn-control IIIOde 
of operation • 

8.2 Before processing any samp.les, the analyst should datll)nstrate, 
th~ugh the analysis of a reagent water blank, that interferences fro11 the 
analytical system, glassware, and reagents are under control. Each time a set 
of samples is extracted or there is a change in reagents, a reagent water 
blank should be processed as a safeguard against chronic laboratory 
contamination. The blank sa.ples should be carried through all stages of the 
sample preparation and measurement steps. 

8.3 For each analyt1cal batch (up to 20 samples), a reagent blank, 
matrix spike and .atr1x spike duplicate/duplicate must be analyzed (the 
frequency of the spikes aay be different for different 110nitoring programs). 
The blank and spiked samples must be carried through all stages of the s~le 
preparation and measure.ent steps. 

8.4 The experience of the analyst performing gas chromatography is 
invaluable to the success of the methods. Each day that analysts fs 
performed, the daily calibration sa.ple should be evaluated to determine ff 
the chro.atographic syste1 is operating properly. Questions that should be 
asked are: Oo the peaks look normal?: Is the response obtained comparable to 
the response fro11 previous calibrations? Careful exa~~ination of the standard 
chromatogram can indicate whether the column is still good, the injector is 
leaking, the injector septUII needs replacing, etc. If any changes are made to 
the system (e.g, column changed), recalibratfon of the system must take place. 

8.5 Regufred instrument QC: 

8.5.1 Section 7.4 requires that the :RSO vary by (ZO: when 
comparing calibration factors to determine ff a five point calfbratfon 
curve is linear. 

8.5.2 Section 7.4 sets a limit of +151 difference when comparing 
daily response of a given analyte versus -the initial response. If the 
lf11it fs exceeded, a new standard curve IIUSt be prepared. 
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cr1ter1a, the systea performance is acceptable and analysis of actual 
samples can begin. If any individual s exceeds the precision limit or 
any individual %falls outside the range for accuracy, then the system 
performance is unacceptable for that analyte. 

NOTE: The large number of analytes in each of the QC Acceptance 
Cr1teria Tables present a substantial probability that one or more 
will fail at least one of the acceptance cr1ter1a when all analytes 
of a given method are dete~ined. 

8.6.6 When one or more of the analytes tested fa11 at least one of 
the acceptance cr1ter1a, the analyst must proceed according to Section 
8.6.6.1 or 8.6.6.2. 

8.6.6.1 Locate and correct the source of the problea and 
repeat the test for all analytes of interest beginning with Section 
8.6.2. 

8.6.6.2 Beginning with Section 8.6.2, repeat the test only for 
those analytes that failed to meet cr1ter1a. Repeated failure, 
however, will conf1~ a general problem with the measurement system. 
If this occurs, locate and correct the source of the problem and 
repeat the test for all compounds of interest beginning with Section 
8.6.2. 

8.7 The laboratory must, on an ongoing basis, spike at least one sample 
per analytical batch (maximu. of 20 samples per batch) to assess accuracy. 
For laboratories analyzing one to ten samples per month, at least one spiked 
sample per month is. required. 

8.7.1 The concentration of the spike fn the sample should be 
determined as follows: 

8.7.1.1 If, as in compliance monitoring, the concentration of 
a specific analyte in the sample is being checked against a 
regulatory concentration limit, the spike should be at that limit or 
1 to 5 times higher than the background concentration determined in 
Section 8.7.2, whichever concentration would be larger. 

8.7.1.2 If the concentration of a specific analyte fn the 
sample fs not being checked against a limit specific to that 
analyte, the spike should be at the same concentration as the QC 
check sample (8.6.2) or 1 to 5 times higher than the background 
concentration determined fn Section 8.7.2, whichever concentration 
would be larger. 

8.7.1.3 For semivolatfle organics, ft may not be possible to 
determine the background concentration levels prior to spiking 
(e.g., maximum holding times will be exceeded). If this fs the 
case, the spike concentration should be (l) the regulatory 
concentration limit, if any: or, ff none (2) the larger of either 5 
times higher than the expected background concentrat1on or the QC 
cheek sample coneentrat1on (Section 8.6.2). 
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complexity of the sample matrix, and the performance of the laboratory. 
If the entire list of analytes given fn a method must be measured fn the 
sample fn Section 8.7, the probabflfty that the analysis of a QC check 
standard will be required fs high. In this ease the QC check standard 
should be routinely analyzed with the spiked sample. 

8.8.1 ~ration of the QC dledc standard: For volatile organics, 
add 10 uL of the QC check sample concentrate (Section 8.6.1 or 8.7.Z) to 
5 mL of reagent water. For s .. ivolatile organics, add 1.0 mL of the QC 
check sample concentrate (Section 8.6.1 or 8.7.Z) to 1 L of reagent 
water. The QC check standard needs only to contain the analytes that 
failed cr1ter1a in the test in Section 8.7. Prepare the QC check 
standard for analysis following the guidelines given fn Method 3500 
(e.g., purge-and-trap, extraction, etc.). 

8.8.Z Analyzed the QC check standard to determine the concentration 
measured (A) of each analyte. Calculate each percent recovery (Ps) as 
100 (A/T)S, where T is the true value of the standard concentration. 

8.8.3 Compare the percent recovery (Ps) for each analyte with the 
corresponding QC acceptance criteria found fn the appropriate Table fn 
each of the methods. Only analytes that fafled the test fn Sectfon 8.7 
need to be compared with these criteria. If the recovery of any such 
analyte falls outside the designated range, the laboratory performance 
for that analyte fs judged to be out of control, and the problem must be 
fmmed1ately fdent1f1ed and corrected. The result for that analyte fn the 
unsp1 ked sup le 1s suspect and may not be ~rted for rt9U 1 a tory 
compliance purposes. 

8.9 As part of the QC program for the laboratory, method accuracy for 
each matrix studied must be assessed and records must be ma1nta1ned. After 
the analysis of ffve spfked samples (of the s~ matrix type) as fn Sectfon 
8.7, calculate the average percent recovery (') and the standard deviation of 
the percent recovery (!P)· Express the accuracy assessment as a percent 
recovery interval fro• ~ • zs0 to ' + Zsg. If ' • 90S and s0 • lOS, for 
example, the accuracy interval fs expressea as 70-110%. Update the accuracy 
assessment for each analyte on a regular basfs (e.g. after each ffve to ten 
new accuracy measurements). 

8.10 To determine acceptable accuracy and precision lfmfts for surrogate 
standards the following procedure should be performed. 

8.10.1 For each sample analyzed, calculate the percent recovery of 
each surrogate fn the sample. 

S.lO.Z Once a mfnfmum of thirty samples of the same matrix have 
been analyzed, calculate the average percent recovery (p) and standard 
devfatfon of the percent recovery (s) for each of the surrogates. 

8.10.3 For a given matrfx, calculate the upper and lower control 
lfmft for method performance for each surrogate standard. Thfs should be 
done-as follows: 
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DATE: __________________ ___ 

---------------------
EPA QC ~PS79 Cone. l 

True 95% Analyzed 
Compound Value Confidence Value % Recovery 

(us;!L) Interval ~us/L) 

Benzene 3 0. 7 13.5-36.7 

Toluene 4. 1 1. 6- 7 . 7 

Ethylbenzene 11.5 7.2-12.9 

P-xylene 19. 1 12.4-28.8 

fM-xylene 42.6 33.5-60.5 

0-xylene 10.6 7.7-17.1 

EPA QC WP879 Cone. 2 

Benzene 12.3 9.6-12.7 

Toluene 3 7. 1 19.1-40.7 

Ethylbenzene 32.9 24.9-36.3 

P-xylene 7. 6 5.3- 9. 8 

M-xylene 19.2 14.5-25.4 

o-xylene 30.2 21.5-42.8 

EPA QC WP882 (IV) It 2 

?-xylene 11. 1 

M-xylene l 0. 2 

o-xylene 12. 1 
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DATE: ______________________ __ I~STRU~ENT: ______________________ ___ 

EPA QC ~.;? 7 81 (I I) 

True Analyzed 
Compound Value Acceptable Value % Recovery 

Cua/L) Ranse (ug/L) 

~ethylene Chloride 9. 2 6.4-12.0 
1,1-Dichloroethene 10. 0 7.0-13.0 
-l,l-Dichloroethene 5. 4 3.2- 7.6 
.2-Dichloroethane 5.4 3.2- 7. 6 

1..aroon letrachloride 10.0 7.0-13.0 
• .l-U1cnJ.oropropane 8.0 5.6-10.4 

Trichloroethene 10.2 7.1-13 3 
Dibromochloromethane 6.0 3.6- 8.4 
~._1,~,2-Tetrachloroethane 10.0 7.0-13.0 

oro benz en.e 8 2 .5_ 7-11.0 

EPA QC WS484 
True 95% Confidence Analyzed --

~ompound ~ Interval Value % Recoverz 

Chloroform 10.0 5.3-13.1 
Bromodichloromethane 1 0. 1 5.0-14.2 
~ibromochloromethane 9.6 4.2-14.8 
Bromoform 9. 8 3.4-15.2 

EP-1. QC WP483 Conc.1 
True 95% Confidence Analyzed 

Comp_ound ~ Interval Value % Recovery 

Chloroform 12.0 6.7-14.9 4--------+------------
1, 2-Dichloroethane 2. 0 I ~nt- ··r:s--· -t 
1.-~~~~~~~~~~---+--~,--+~~---~.----;---------4~------·----
1, 1,1-Trich1oroethane 1.4 ~0~: ... ~~---·- ------+----------
Carbon Tetrachloride 2.6 0.7- 4.3 L_ 
Bromodich1.oromethan~----L2.0 o·.-6:_: 3.2--- -,------ --· ------- I 

Trichloroethene ! 2. 9 I 0. 4- ?~------- ···--+----------~ 

ios:,r;,fq~~loromethane -·-t--t~ ·-:_t·{ (-_:.:~L--TETRA-c.f+L,J<.cf:-~-~e.~r: /~ I o; -.;::.;; --.. ··:-·-------r--- ::1 
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Instru•ent: 

Date: 

Compound Standard 

Benzene 602H 

Toluene 602H 

J!th}:l Benzene 602H 

Chlorobenzene + 602H 

1!4-Dicblorobenzene 602H 

1!3-Dicblorobenzene 602H 

1,2-Dicblorobenzene 602H 

P-lylene + I EPA gc I 

H-lylene I J!PA QC I 

0-lylene I EPA QC I 

• Federal Register, 40 CFR Part 136 

+ Coelute 

I EPA QC WP879 cone. 1 - 951 confidence limit 

Co-nts: 

7-87·27815 

i j i i i j i ii i 

DAILY CALIBRATION CHECK STANDARD 

602/8020 

l J j 

Date of Curve: 

10 ug/L Standard 

Analyzed Value 

• Acceptable Value 

ua/L I Rae. 

3.9-15 39-150 

4.6-15 46-148 

3.2-16 32-160 

5.5-14 55-135 

4.2-14 42-143 

5-14 50-141 

3.7-15 37-154 

15.4-28.8 65-151 

33.5-60.5 79-142 

7.7-17.1 73-161 
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198 Federal Register I Vol. 49. No. 209 I Friday, October 28. 1984 I Rules and Regulations 

Appndix 8 to Part 136-0eftDitioa aad 
Proc:8Clunt for the DetenaiDatioa of the 
M.thod Detec:lioa Limit-Revtalaa l.U 
Definitiott 

na matbod datKtiDD limit (MDL) ia 
defuwcla1 tha minimum concentration of a 
oubatallCe that can be mea1und Uld reported 
wilb 911!5 confidence that tha analyte 
concaatrallon il IIJ'IIaler than zero and ia 
detmaiaed from aaaly1i1 of a nmple iD a 
p'nll matrix CDiltaillilll tha aaalyte. 

Scot- tUJd Applictltitnl 
1'1lia proc:adure ia dnlpecl for appUcabilit, 

to a wide variety of Hlllpla typB raDiiDI 
from reqeal (blank) water Ctlfttaiatal 
aaalyte 10 wuwwater Ctlfttainilll ua1yte. 
The MDL far an analytical proc:adure may 
yuy a1 a fiUictloa of Hlllpia type. The 
procec1are requirw a complete. 1JMCi11c, and 
well cldDecl aaalytlcal matbod. It ia -llal 
that aU Ulllple procaaiq IIepa of tha 
aaalytical method be included iD tha 
detmaiaalioa of lbe method de!Ktlaa limiL 

Tha MDL obtaiaecl by lbia proc:eclure ia 
IIHd 10 jadp lba lipificuce of a •iatla 
--1 of a fuhlre Ulllpie. 
n. MDL procaclwe waa delipecl for 

appUcabilliJ to a broad vuiaty of physical 
and chamical matboda. To accomplilb tltia. 
lba procadiiN wu made davi- or 
inltrwaaal-iDdapaaclaaL 

l'rot:edruw 
t. Make aa nlilllata of the detacliaa limit 

uailll ana of tha followtns: 
(a) Tha coacaatratlaa value that . . 

COifti1IOIIda to an inltrumeatllpal/aaiH ID 
lba .... of z.s to s. 

(b) na coacaatraltaa aquivalaat of threa 
tlmn tha staadard deviation of replicate 
inltrumeatal- of lba analyta iD 
reapat water. 

(c) net rapon of lba 1tandani cun.e.where 
there il a •i~Dificaat chaaaa 1n Hlllllivlty, 
I.a.. a break iD lba olapa of tha •taadard 
CIUY8. 

(d)IDalnllllanlalllmltallona. 
It ia NC0111izec1 !bat lba axparianca of 1ba 

ana!Jit i1 importlllt to this proc:esa. 
Hawwver, lba analfll must include lbe abava 
CODiicleraliaas iD lba imlial e1tunata of lba 
da!Ktloa limiL 

1. Prepare reapat (blank) watar !bat i1 u 
free of analyta as po181bla. Raapat or 
iDtarfereaca &.. water il deflaecla1 a water 
nmpla iD whidJ aaalyte and interlereat 
coacaatraiiODI are nat detected at the 
method de!Ktlon limit of each analyta of 
interat. latarferem:al are dafiDed u 
IJitemalic uron in tha mea1und analytical 
aipl of aa ntablilhed proc:eclare caiiHd by 
lba prnaace of interfanaa•pacin 
(interlereat). 'I1Ia interfareat conc:antratlan ia 
prnuppoaeclto ba normally diltributed in 
repreaeatallva nmpln of a pvea matrix. 

3. {a) U lba MDL i1 to be determiDeci 1D 

rea .. nt (blank) water. prepare a laboratory 
standard {analyte in reapat water) at a 
coacntralion which ia atleut equal to or lA 
lba IUUI ca-traliaa ranp a• the 
e1lilllated malbacl detactian limiL 
(~and balwwD 1 and S limn the 
nlilllated malbod detaclian liauL) Procaeclta 
Stap4. 

(b I U tha MDL i1 to ba detanained ta 
another nmpla matrix. analyze lba NmpiL U 
Ilia mauund level of Ilia analyte ia in lba 
recommended r&lll8 of ana to !Iva limn lba 
e11imated datKtlan limiL procaecl to Step 4. 

I( tha mea1und leval of aaalyte il 1 ... than 
the nlim1ted detaclioa limit. add a known 
amount of analyte to briaa lba laval of 
analyta .,._ ana and !Iva lima lba 
ulilDited detKtlaa limiL 

I( lbe meuund leval of analyta ia IIJ'IIIter 
than !iva liJnal the nlilllated detec:tlaa ltmiL 
lbere are twa opltaaa. 

{1) Obtebl another nmple wilb a lower 
level of analyta lAthe Ullla matrix if 
pauibiL 

(Z) Tha nmpla may be ueclu il far 
delmaialaa lba malhod daiKtlaa lllllitillbe 
aaalyta level doa1 DOl acaed 10 lima 11M1 
MDL of the analyte iD raqeat water. The 
vartaaca of lba utalyticalmatbod c:llallplu 
lba aaalyte caacaatraiiOIIInc:nte- from lba 
MDL heaca 1ba MDL determined under lbiiM 
~may natlnlly reflect mathocl 

,.!Pianca at lower analyte co-tra~ana. 

f 
4. {a) Tau alllinillnua of nven aliquata of 

lba nmpla 10 ba IIHd 10 calcuilte tha malbacl 
detection limit and proca18 uch lbrouah lba 

I 
entire aaalyttcal method. Mau aU 
COlllputaliODI accardins to Ilia defaned 
melhod wilb llael resulta in lba malbacl 

I 
repcll'liq uaata. U a blank mauunment ia 
required to calculata tha mauund laval of 
aaalyte. obtain a Hparata blank 

1 mea-t for eedl sampla aliquot 

I analyzad. Tha avarasa blank mae1urement iJI 

I 
subtracted from lhe ralpacbva ~ampla 
mea1uremen11. 

1.....-(b)lt may ba actlftamically and tacluucally 
dnirabla to evaluata Ilia nlimated metl\ad 
detection limit before Procnclins with 4a. 
Thil will: (tl Prevant repealinS lbil entire 
procadiiN when tbe COlli of analyNa are 
hiSII Uld (Z) inlure that the procadiiN iJI baifts 
canductad atlba correct concentration. II i1 
quila pa11ible lhat an inllated MDL will ba 
calcuiltecl from data obtained at many times 
lhe real MOL evan thaush tha laval of analyta 
islau than fiva time• lhe calculated method 
detection limiL To insure that tha estimate of 
Ilia method detection limit il a saod estima1a. 
it it n_...ry to determina that a lower 
concentration of analyta will not NIWI in a 
sisnifjcaatly lower method datKtlon limiL 
Take two aliquall of Ilia Nmpla to ba used to 
calculete lba mathod detKtlan limit and 
procau aecb lbroush tha entire method. 
induclins blank meaSIINIDiftla U dac:ribed 
above in 4L EvaluatelbiiM data: 

(t) U thna maaturatlllllta bldicate the 
nmple i1 in duirable r&lll8 far 
determiDelioa of the MDL tau five 
addillaaalaliquall and procaecl. UH ell 
savea maellll'8meata far calcuillloo of tha 
MDL 

(2) If th11M mea~~~Nmanta indicate the 
sampla ia DOl in carrwc:t raap. renlimata the 
MDL obtain n- nmple u m 3 and repeat 
either 4a or 4b. 

s. CalcuJata the variaaca (5'1 and 1tenclard 
deviallaa (S) of the replicate ma-ta. 
11 fallawc 

-(: 
1.1 

S • ()ltiiZ 

where: 
x,; i•l ton. • are the aaalytlcalrnultt iD 

lba final malbod repart1q ualta abtaia.t 
from lba n nmpla allqu~a Uld % refen 
to lba -of lba X val- from i•IIO n. 

11. (a) Compute the MDL u followc 

&L• ~< .......... .., (S] 
where: 

MDL • tha malbod detecllaa limit 
ll.·1.a .. • .• _, • the lllldeata' I Valw 

appropriate far a 8111 mcftd ce lawel 
and a 1tandard dntalloa 181baate wilb 
n·t daaren of freadotL Sae Table. 

S • standard clntallaa ol.lba replicalll 
.analyaa. 

(bl The 1ft caafl~ mllrnlulimalel 
for lba MDL clertnd in ee are CO!Dplltad 
accanlifts 10 lba followiaa aquallaaa dertnd 
from pen:enlilu of lba chi ~quare
desrees of frHdom diltribotlao (.'/elf). 

LCL • 0.84 MDL 
UCL • UOMDL 
where: LCI. and UCL are lba ._and 

upper liS~ conficlaaca limite rnpac:tivaly 
based an nvea aliquoll. 

7. Oplional1teraliva procaclwe 10 verify tha 
reasanablaneu of lba·uliJaata of the MDL 
and subsequaat MDL delmaiaallaa. 

{ a)lf thi1 iJI tha initial eltatlqllto computa 
MDL based an the ulilllate of MDL 
fonnulated in Step 1. taka lba MDL u 
calculated in Step 1: spaka in lbe matrix at the 
calculated MDL and procaecltbroaP 1ba 
procedure starttns walb Stap 4. 

(b)lf this is 1ne second or later ilerltlaa of 
the MDL calculation. use s• from the curreat 
MDL calculation Uld 51 from the previous 
MDL calculation to compute the F-rallo. The 
F·ralio is calculated by subllltulinS thelarpr 
s• into the numenator s-•, and lba others into 
the denominator S1

1• The computed F·ralio is 
then compared with the F·relia found in t.ha 
tabla wh1ch it l.OS a1 fallows: if S'J 
S '• < 3.05. then compute tha poolad 1tanclard 
deviation by tha followans equation: 

if S'./5\>l.OS. rnpike etlba lftOit recant 
calculated MDL and procas~tbe Naspln 
throush tba procedure 1tart1J11 wilb Slap 4. lC 
rha ma11 recant calc:alated MDL don not 
permit qualilaiiYe idenlificaliaa when 
samplal are 1pilcad at that level. report the 
MDL u a caaADtrattoo batwwn !be Clllftllt 
and prni- MDL whlch parmita qualitative 
idanlllicatiOD. 

(c) Uaa the s_ u calculated Ia 7b to 
compute lba final MOL accordiziiiO the 
folJowina aqaattoa: 
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APPENDIX APPENDICES 

I A ~ STATISTICAL INFORMATION 

\!)It!'~ Table B ') t Scor .. 
.._,r .• ., .. , 1 ', (For Checking Only _Upper or Lo~er Limits) 

~_,. ...... : · 1 Level of Certain 
·' ~ 90% 95% 99.5% 

1 3.078 6.314 63.657 
2 1.886 2.920 9.925 

1.638 2.353 5.841 3 
4 1.533 2.132 4.604 
5 1.476 2.015 4.032 

6 • 1440 1.943 3.707 ! 
7 1.415 1.895 3.499 
8 1.397 1.860 3.355 
9 1.383 1.833 3.250 

10 1.372 1.812 3.169 
11 1.363 1.796 2.718 3.106 
12 1.356 1.782 2.681 3.055 - 13 1.350 1.771 2.650 3.012 §. 
14 1.345 1.761 2.624 2.977 8 15 1.341 1.753 2.602 2.947 i 
16 1.337 1.746 2.583 2.921 Q) 

u: 17 1.333 1.740 2.567 2.898 0 18 1.330 1.734 2.552 2.878 c:n 19 1.328 1.729 2.539 2.861 CD 
!!? 20 1.325 1.725 2.528 2.845 5l' c 21 1.323 1.721 2.518 2.831 

22 1.321 1.717 2.508 2.819 
23 1.319 1.714 2.500 2.807 
24 1.318 1.711 2.492 2.797 
25 1.316 1.708 2.485 2.787 
26 1.315 1.706 2.479 2.779 
27 1.314 1.703 2.473 2.771 
28 1.313 1.701 2.467 2.763 
29 1.311 1.699 2.462 2.756 
30 1.310 1.697 2.457 2.750 
40 1.303 1.684 2.423 2.704 
60 1.296 1.671 2.390 2.660 

120 1.289 1.658 2.358 2.617 
Qll 1.282 1.645 2.326 2.576 

A-2 
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t 
(For Checking ~ - l 

1 
2 
3 
4 
5 

~I.L'1'o ~0 
3.078 6.314 I 

, 886 2.920 ! 
1.638 2.353 I 

I 1533 2.132 I 1.476 2.015 i 
6 
7 
8 
9 

10 

11 
12 - 13 s. 14 

s 15 

I 
1.440 1.943 ! 
1.415 1.895 

I 

1397 1.860 I 1.383 1.833 

I 1.372 1.812 

1.363 1.796 
1.356 1.782 
1.350 1.771 
1.345 1.761 
1.341 1.753 

~ 16 
17 u. 

C5 18 

" 19 

' 20 
l21 

22 
23 
24 
25 

1.337 1.746 
1.333 1.740 
1.330 1.734 
1.328 1.729 
1.325 1.725 

1.323 1.721 
1.321 1.717 
1.319 1.714 
1.318 1.711 
1.316 1.708 

26 
27 
28 
29 
30 

1.315 1.706 
1.314 1.703 
1.313 1.701 
1.311 1.699 
1.310 1.697 

40 
60 

120 

1.303 1.684 
1.296 1.671 
1289 1.658 

CID 1.282 1.645 



""" ... 

•• 
•• 
, .. 

!!fll 

"""' 

'""" 

·-

-... 
-
•Jill 

--

CONFIDENTIAL 
RADIAN co ........... . RESEARCH & ENGINEERING 

STANDARD 
OPERA1"1NG 
PROCEC~URE 

LAB# _____ _ 
SAMPLE ID ___ _ 
METHOD ____ _ 

COMPOUt;D 

IBAn7P.ne 

!Toluene 

IEthYJ _ben,.ene 

C h I oroben2ene 

:1 .4-D t~h lor-"''"' ... R~"'!nA 

11 .3-D ichlnrnben7AnA 

11 -?-n ich loroben2ene 

P-Xvlene 

IM-Xvlene 

io-Xvlene 

s R = [CSSR-SR)/SA] X 100 

(CONTINUATION PAGE) 

SECTION 7.10 

Figure 8 

VOA SPIKE RESULTS 

I PROCEDURE NO: 
325-GC-005 

I PAGE: 
?3 of 34 

UNITS ____ _ 

SPIKED SAMPLE SAMPLE RESULT SPIKE ADDEO S R 
RE:SUl T ( SSIH CSRJ lC::A) 

I 
I 
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:alifo~nia Dapartm~nt of Health Servi~es 
Hazardous Materials ~aboratory 

Method Status: Draft 

HML METHOD 338 

-------. 2/l.l-----

SOF· No. : 336 
Revi~ion No.: 0 
Da t~: 09-()ct-97 
PdiQe 1 of :3 
Approved by: 

( Hf1L Chief) 

(Section Su~erv150~) 

Determination of Organic ~ead Compounds 
by Flame Atomi~ Ab$crption Spectrometry 

1.0 Sccee and Application 

This method is used to determine the sum of organic lead 
compound~ (''organolead") in liCl'-'ids, solids or ~lu.dgas. The 
method detection limit for a 50 g sample i5 0.1 ug/g (as Pb). 

The method i~ based on a procedure originally developed i~ 
the Ou Pent Petroleum ~aboratory for the determination oi 
or9ani~ lead in leaded gasoline tank sludge (1). 

2.0 Summary of Method 

Organolead is separated from the s•mple matrix by extraction 
with xylene. .The organolead in the extra~t is reacted witn 
Aliquat 336 and iodine and the $Olution is made up to volume 
with MIBK. Lead contained in this mixture is determined by 
flame atomic absorption spectrometry. 11 the original sample 
is completely soluble in xylene, the extraction step is 
omitted. · 

3.0 Safet'( 

Some organic lead compounds are volatile and toxi~. 
Therefore, samples must be processed in a well ventilated 
hood. Antiknock lead compounds &re partic:ularly poisonous and 
must not be inhaled, ingested, or come into c:ontaf:t to-lith the 
ak~n; they should never be.expcsed to elevated temperatures 
(above SO °C) or to acids and oxidi:ing dlgents. Whene~er 
organic: lead compounds are h.andled outside o1 a "'ell 
ventilated hood, protective respiratory equipment, protective 
clothin; and I"'Ubber 9lcvets must be .,,orn. The material sa-fety 
data sheets (MSDS) for or9anolead standards should be read. 

1 
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~.2 Methyl isobutyl ketone (MISK, 4-m~thyl-2-pent~none). 

6.3 Iodine 50luticn: Dissolve 3.0 g of elemental icdine 
in toluene and make up to 100 ml with the same sclvent. 
Store in a brown bottle in a refrigerator. 

6.4 Aliquat 336 (Tri-c~pryl methyl ammonium chloride), 
•vailable Aldri~n, Milwaukee, WI, or ~rom McK&seon Co., 
Minnea~clis~ MN. Note: Aliquat is • re~istered trademark 
of HenKel Ccr~cration. 

6.6 

Prepare two solutions, one containing 10 'l. (w/v) and one 
containing l /. (w/v} in M!BK. Store in a refrigerator. 

Anhydrous sodium sulfate, crystals. 

0 Lead chloride, crystals; dry .at 10~ C for 3 h before 
use. 

6.o.i Prepare a stcek solution containing 1000 mg/l o1 
?b by dissolving 0.~356 g of lead chloride in 
10 Y. Ali~t.lat 336 in MIEn< and dilute to 250 .nl. 
Store in a brown bottle in a refrigerator. 

~.6.2 Prepare ~n intermediate Pb ~tandard by pipetting 
lO ml of the stock standard intc ~ volumetric 
flask and diluting to 100 ml with a 40 % (v/v) 
solution of xylene in MIBK. Store in a brown 
b~ttle in a refrig&ratcr. 

7.0 Sa.nple Callectign. Pre~ervation, and Handl~ng 

7.1 The safety pre~auticns sae s~ction 3.0. 

7.2 ~iquid samples should be collected in glass bettles 
(preferably 500 ml 5ize) with ground gla~s steppers 
without leaving any headspaee. During s~mpling, 
contact of the sample with ~ir should be minimi:ed. 

7.3 Solid sample~ should be collected in glass jars 
(preferably 250 ml size) with airtight, Teflon-lined 
lids. The jars should.be filled as much to capacity 
as possible. 

7.4 All samples should be transported and stored at 
refrigerator temperature (about~ °C). 

3 
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NOTE: !f less than 220 ml of sample is avail~ble~ the 
miscibility with xylene may be tas~ed with ~ 
smaller aliquot. 

a.2.2 If a single liquid phaee is obtained~ i.e., if 
the sam~le is completely soluble in xylene, dis
card the sam~le/xylene mixture and ~ipet 20 ml 
of neat semple into a SO ml volumetric flask, 
add 20 ml of MIBK, m~x, and continue as des~~ibed 
in step 9.1.4 above. 

8.2.3 If an emulsion is obtained which requires more 
time for phase separation, add about 5 g of NaCl 
to the separ~tory funn&l, shake briefly, And let 
the mixture settle for 20 min. 

8.2.4 After separation ot the xylene phase from the 
sam~le solvent phase (e.g., water), drain o1f the 
lower phase into a second separctcry 1unnel and 
collect the xylene extract in a 100 ml flask with 
ground glass s~opper. 

9.2.5 Add 25 ml of xylene to the s•mple solvent phase, 
shake for 1 - 2 min ~nd allow 5 -10 min fer 
phase se~aratiQn. 

8.2.6 Repeat step 9.2.4, adding the xylene phase to the 
f~rst extract. Then repeat steps. 9.2.5 and 9.2.4 
with another 2S ml o+ xylene. 

8.2.7 Filter the combined extract through filter paper 
holding abOt.lt 10 g of anhydrous sodium s~l fate. 

a.2.a Pipet 20 ml of MIBK and 20 ml of the filtered 
extract into a 50 ml volumetric flask and mix. 
Continue as descri~ed in 5tep 6.1.4 above. 

9.3 Standard and Blenk Preparation 

Prepare a blank and a minim-.un of three appropriate 
working standards from the intermediate organolead 
standard containing 100 mg/l as Pb. 

9.3.1 Place 40 ml of xylene into a 100 ml volumetric 
flask and add the correct •mount o1 the 100 mg/1 
standard to prep&re the desired concentration. 

9.3.2 Immediately add 0.2 ml of iodine ~olu~ion and 
mix. well. 

5 
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9.4.5 If sam~le ~eadings fall outside the calib~ated 
range, the solutions to be aspirated into the 
nebuli:er must b• diluted with a 40 X (v/v) 
solution of Y-ylene in MISK and an•ly2ed again. 

9.0 Calculations 

10.0 

Depending on the type of sam~le analyzed and the method of 
s~mple preparation, one of the following th~ee formulas is 
used to calculate the con~entration of organolead in the 
sample: 

9.1 Solid Sampl@S 

lOOml SOml 
Cone (ug/g) = AA-Result (mg/1) x ------- x ------ x F 

w (g) 20ml 

where W (g) is the sample mass in gram~ and ~ i= the 
dilution 'factor. 

9.2 Liguid Sampl@s not Solyble in Xylene 

100ml 50ml 
Cone (mg/1) = AA-Result (mg/1) >: ------- x ------ x F 

V(ml) 20ml 

whe~e V .(ml) is the sample voluma in ml (usually 200 ml) 
and F is the dilution factor. 

lOOml 50ml 
Cone (mg/l) = AA-Result (mg/1) x ------- >: X F 

V(ml) 20ml 

where V (ml) is the sample volume in ml (usually 20 ml) 
gram~ and F is the dilution factor. 

G!uql i ty Control 
_ •. "r •:.. ···: :" 

10.1 Analyze a method blank along witn·each batch of ten 
samples (or less). If the blank indicates a significant 
contamination (mor-e than twice tne method detection 
limit), r~peat all pr-ocedures with samples and blank • 

7 
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RE:ASON FOR REVISION: 

New Edition of SW-846. 

1.0 PURPOSE 

The purpose of this document is to establish a guideline for 

procedural adaptations of the EPA-OSW SW-846 "Method 3540 Soxhlet Extraction". 

2.0 PROCEDURE 

The modifications of Method 3540 (Hethod attached) norn::.ally applied 

in the Sample Preparation Laboratory are outlined as follows: 

2.1 Section 4.0 of Hethod 3540 is modified in the following 

sections: 

4.1 Soxhlet extractor: size required may vary with sample 

volume. 

4.2 Drying Column: funnel, 100 mm diameters packed with a 

plug of silanized glass wool and 3.5 em of adsorbent 

(approximately 80 grams). 

2.3 Section 5.0 of Method 3540 is modified in the following 

se~ion: 

5.3.1 Delete. 

5.3.2 Shall apply to all samples • 

NAME /DATE 
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7.8 The concentration step will not necessarily take 15-20 

minutes. The time required depends on the volume of 

solvent that needs to be removed, and the bath temperature 

that is specified (if any). 

7.9 If a solvent exchange is required (as indicated in Table 

1), begin adding the exchange solvent through the top of 

the Snyder column when the volume of the extract has been 

reduced to about 25 mL. Add the exchange solvent in 

portions (of less than 10 mL each), at a rate that does 

not cause the boiling of the extract to cease. Wait 

between portions for the balls of the Snyder column to 

resume chattering before adding the next portion. Concen

trate the extract, as described in Paragraph 7.11, raising 

the temperature of the water bath, if necessary, to 

maintain proper distillation. 

7.10 If a final extract volume appreciably less than 10 mL is 

required, it is necessary to further concentrate the 

extract using a micro-Snyder column. In cases where 

bumping of the sample liquid would be expected, nitrogen 

evaporation may be substituted for the micro-Snyder 

technique. 

SAFETY 

Normal laboratory procedures as described in SOP 321-SP-004 must be 

followed. If necessary, the extractions can be done in a working fume hood. 

Extract concentrations will be done in a working fume hood. 
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METHOD 3540 

SOXHLET EXTRACTION 

1.0 SCOPE AND APPLICATION 

1.1 Method 3540 is a procedure 
volatile organic compounds from solids 
The Soxhlet extraction process ensures 
with the extraction solvent. 

for extract~ng nonvolatile and se~i
such as soils, sludges, and wastes. 

intimate contact of the sample mat~~. 

1.2 This method is applicable to the 
water-insoluble and slightly water-soluble 
variety of chromatographic procedures. 

2.0 SUMMARY OF METHOD 

isolation and concentrat;o~ o; 
organics in preparation for a 

2.1 The solid sample is mixed with anhydrous sodium sulfate, placed ~~ 
an extraction thimble or between two plugs of glass wool, and extractea using 
an appropriate solvent in a Soxhlet extractor. The extract is then drieo, 
concentrated, and, as necessary, exchanged into a solvent compatible with the 
cleanup or determinative step being employed. 

3.0 INTERFERENCES 

3.1 Refer to Method 3500. 

4.0 APPARATUS AND MATERIALS 

4.1 Soxhlet extractor: 40-mm I.D., with 500-mL round-bottom flask. 

4.2 Drving column: 20-mm I.O. Pyrex chromatographic column with Py~ex 
glass wool at bottom and a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain tne 
adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by 
50 mL of elution solvent prior to packing the column with adsorbent. 

4.3 Kuderna-Danish (K-D) acoaratus: 

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 ~,. 
equivalent). Ground-glass stopper is used to prevent evaporation~· 
extracts. 

_4.3.2 Evaporation flask: 500-mL (Kontes K-570001-500 or 
equ1yalent). Attach to concentrator tuoe with springs. 

3540 - 1 
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5.3.1.1 
equivalent. 

Toluene/Methanol: 10: 1 

5.3.1.2 
equivalent. 

Acetone/Hexane: 1: 1 

(v/v), 

(v /v), 
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pesticide quality 

pesticide quality 

~~ 

or 

5.3.2 Other samples shall be extracted using the following: 

5.3.2.1 Methylene chloride: pesticide quality or equivalent. 

5.4 Exchange solvents: Hexane, 2-propanol, cyc1ohexane, acetonitrile 
(pesticide quality or equivalent). 

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

5.1 See the introductory material to this chapter, Organic Analytes, 
Section 4.1. 

7.0 PROCEDURE 

7.1 Samcle handling: 

7.1.1 Sedfment/sofl samples: Decant and discard any water layer on 
a sediment sample. Mix sample thoroughly, especially composited samples. 
Discard any foreign objects such as sticks, leaves, and rocks. 

7.1.2 Waste samples: Samples consisting of multiphases must be 
prepared by the phase separation method in Chapter Two before extraction. 
This procedure is for solids only. 

7.1.3 Dry waste samples amenable to grinding: Grind or otherwise 
subdivide the waste so that it either passes through a 1-mm sieve or can 
be extruded t~rough a 1-mm hole. Introduce sufficient sample into the 
grinding apparatus to yield at least 10 g after grinding. 

7.2 Determination of percent moisture: In certain cases, sample results 
are desired based on a dry-weignt bas~s. when such data is desired, a portion 
of sample for moisture determination should be weighed out at the same time as 
tne portion used for analytical determination. 

7.2.1 Immediately after weighing 
5-10 g of the sample into a tared 
moisture by drying overnight at 105•c. 
before weighing: 

the sample for extraction, weigh 
crucible. Determine the percent 

Allow to cool in a desiccator 

g of samcle- g of dry samole x 100 = w moisture 
g of sample '" 
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:'ABLE 1 , SPECIF:C E:XTRAC'!IO~ CO~:n::oss FOR V A.:UOt:S DE!ER.'!I:;A:: ','E ~-Ei:iODS 

Exc."lange Exc.'=ge Vol\l!le F:.:lal 
solvent solve.'1t of ~rae: e.xtrac: 
required required requ:,:ea volcme 

Deter.Dinative Extraction for for for for 
ztl"cd pH analysis cleanup cleanup (:nl.) anal ys::,s ~ ::ll.) 

!)I.Oa as received 2-propancl i"exal1e L.O 1.0. to.o'=' 
8)0:) as received i"exal1e hexolne 2.0 10.) 
SJ!ll as recaived l'Exane h8xane 10.0 10.0 
Ill~ as received l'Exane hexolne 2.0 l.J 
&00 as recaived ncne ~ 2.0 1.0 
8120 as received lwxaDe lwixane 2.0 l.O 
&40 as received hexar1e lwxane 10.0 10.0 
az~a.c as received ncne 1.0 
8Zi'Oac as recaived ncne 1.0 
8310 as received acetonitrile 1.0 

· :" octai:l separate ad.:: arxi base/ neutral extracts , ~thod 36~ sl:'llul.d be performed follOWl.:".g 
CCI'II2!ltrat1on of tl'l! extract to 10.0 :~~~... 

bPt'encl5 may be analyze:i, by Mathod !DioO, us~ a 1 .0 !IlL 2-propancl extract by GC/Fm. :-2t."ai BJ;.J 
&l.so =ntains an optianal dertva:l.zation proc:e:iure for ptwocls totU.c:h resultS in a 10 =I. ~ 
ectract to be analyza:1 by GC/EO. 

~ sped..ficity of GC/~ may :llillce cleanup of tl'l! extracts ~· Refer to ~tl"cd 3EOO for 
gui.clance on t."e cleanup proc:a1ures available 1.f required • 
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1.0 PURPOSE 

The purpose of this document is to establish a guideline for procedural 

adaptations of the EPA-OSW SW-846, Method 8280 "The Analysis of 

Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofurans." 

2.0 SCOPE 

This document outlines the required adaptations made to EPA OSW-846 Method 

8280. Most of the changes are in the sections outlining soil extractions, and 

are adapted from the bPA Region VII Method. 

3.0 PROCEDURE 

The modifications of Method 8280 (method attached) normally applied in the 

Sample Preparation Laboratory are outlined as follows: 

3.1 Section 4.00 of Method 8280 is modified in the following sections: 

4.19 C~rbon Column (gravity flow): Prepare carbon/silica gel packing 

material by mixing 5 percent by weight active carbon AX-21 

(Anderson Development Co., Adrain. MI). pre-washed with methanol 

and dried in a vacuum oven at 100°C and 95 percent (by weight) 

silica gel (Type 60, EM Reagent 70-230 Mesh, CMS 0393-066) 

followed by activation of the mixture at 130°C for 6 hours. 

Prepare 10 mL disposable serological pipet column by cutting off 
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9.7 Gravity column: Disposable serological pipet (10 mL). Pack a 

solvent-rinsed 10 mL disposable serological pipet in the following 

9.8 

manner: 

Insert a glass wool plug into the bottom of the pipet. Add a 

one-half inch layer of sodium sulfate. Add a 4 g layer of Woelm 

Super 1 neutral alumina. Tap the top of the column gently. Add a 

one-half inch layer of sodium sulfate to cover the alumina. Elute 

with 10 mL of hexane. Discard the eluant. Do not allow column to 

go dry, if necessary add more hexane. 

Dissolve the residue from 9.2.5 in 2 mL hexane and apply the 

hexane solution to the top of the column. If the residue does not 

disperse well in the hexane, place the flask containing the 

residue and hexane in the ultrasonic bath for 30 seconds to 2 

minutes to ensure that transfer of residue can be complete. Elute 

with enough hexane (3-4 mL) to complete the transfer of the sample 

cleanly to the surface of the alumina. Discard the eluant. 

9.8.1 

9.8.2 

9.8.3 

Elute with 10 mL of 8 percent (v/v) methylene chloride in 

hexane. Discard the eluant • 

Elute the PCDDs and PCDFs from the column with 15 mL of 

60 percent (v/v) methylene chloride in hexane and collect 

this in a disposable 20 x 150 mm culture tube (ASP 

TI29-10A or equivalent). 

Prepare a carbon column as in 3.1. Using a stream of 

nitrogen, concentrate the 60% fraction to 2-3 mL. Rinse 

the column with 5 mL cyclohexane/methylene chloride 

(50:50 v/v) in the forward direction of flow and then in 

the reverse direction of flow. While still in the 

reverse direction of flow, transfer the sample 

concentrate to the column. Elute with 10 mL of 
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At least one sample per set of 20 must be run in duplicate to determine 

intralaboratory precision. Field duplicates (individual samples taken from 

the same location of the same time) should be analyzed periodically to 

determine the total precision (field and lab). Where appropriate, "field 

blanks" will be provided to monitor for possible cross-contamination of 

samples in the field. 

The performance of the alumina and carbon columns are verified each time a 

good blank is obtained. However, if poor blank surrogate recoveries are 

obtained, a series of calibration standards (surrogates) will be put through 

the column procedure to validate elution patterns and the absence of 

interferents from reagents. If poor surrogate recoveries are obtained on a 

sample and reanalysis is done, check the 8% methylene chloride/hexane eluate* 

from the alumina column for presence of target analytes. 

*NOTE: This fraction is intended to contain a high level of interferents and 

analysis near the detection limit may not be possible • 
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THE ANALYSIS OF POLYCHLORINATED OIBENZO-P-OIOXINS 
AND POLYCHLORINATED OIBENZOFURANS 

1.0 SCOPE AND APPLICATION 

1.1 This method is appropriate for the determination of tetra-, penta-, 
hexa-, hepta-, and octachlorinated dibenzo-p-dioxins (PCOO's) and dibenzo
furans (PCOF's) in chemical wastes including still bottoms, fuel oils, 
sludges, fly ash, reactor residues, soil and water. 

1.2 The sensitivity of this method 1s dependent upon the level of 
interferents within a given matrix. Proposed quantification levels for target 
analytes were 2 ppb in soil samples, up to 10 ppb in other solid wastes and 
10 ppt in water. Actual values have been shown to vary by homologous series 
and, to a lesser degree, by 1nd1vidual isomer. The total detection limit for 
each COO/COF homologous series is determined by multiplying the detection 
limit of a given isomer within that series by the number of peaks which can be 
resolved under the gas chromatographic conditions. 

1.3 Certain 2,3,7,8-substituted congeners are used to provide 
calibration and method recovery information. Prooer column selection and 
access to reference isomer standards, may in certain cases, provide isomer 
specific data. Special instructions are included which measure 2,3,7,8-
substituted congeners. 

1.4 This method is recommended for use only by analysts experienced with 
residue analysis and skilled in mass spectral analytical techniques. 

1.5 Because of the extreme toxicity of these co~ounds, the analyst must 
take necessary precautions to prevent exposure to himself, or to others, of 
materi!ls known or believed to contain PCOO's or PCOF's. Typical infectious 
waste incinerators are probably not satisfactory devices for disposal of 
materials highly contaminated with PCOO's or PCOF's. A laboratory plann~ng to 
use these compounds should prepare a disposal plan·to be reviewed and approved 
by EPA's Dioxin Task Force (Contact Conrad Kleveno, WH-548A, U.S. EPA, 401 M 
Street S.W., Washington, D.C. 20450). Additional safety instructions are 
outlined in Aopendix B. 

2.0 SUMMARY OF THE METHOD 

2.1 This procedure uses a matrix-specific extraction, analyte-spec1f1c 
cleanup, and high-resolution capillary column gas chromatography/low 
resolution mass spectrometry (HRGC/LRMS) techniques. 

2.2 If interferents are encountered, the method provides selected 
cleanup p~cedures to aid the analyst in their elimination. The analysis flow 
cha~t is shown in Figure 1. 
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3.1 Solvents, reagents, glassware, and other sample processing hardware 
may yield discrete artifacts and/or elevated baselines whfch may cause 
misinterpretation of chromatographic data. All of these materials must be 
demonstrated to be free from interferents under the conditions of analysts by 
running laboratory method blanks. 

3.2 The use of high purity reagents and solvents helps to minimize 
interference problems. Purification of solvents by distillation fn all glass 
systems may be required. 

3.3 Interferents co-extracted from the sample will vary considerably 
from source to source, depending upon the industrial process being sampled. 
PCOO's and PCOF's are often associated with other interfering chlorinated 
compounds such as PCB's and polychlorinated diphenyl ethers which DIY be found 
at concentrations several orders of magnitude higher than that of the analytes 
of Interest. Retention times of target analytes must be verified usfng 
reference standards. These values must correspond to the retention tfme 
window~ established in Section 6-3. While certain cleanup techniques are 
provided as part of this method, unfque samples may require additional cleanup 
techniques to achieve the method detection limit (Section 11.6) stated 1n 
Table 8. 

3.4 High resolution capillary columns are used to resolve as many PCOO 
and PCDF isomers as possible: howeve~, no single column is known to resolve 
all of the isomers. 

3.5 Aqueous samples cannot be aliquoted from sample containers. The 
entire sample must be used and the sample container washedirfnsed out wfth the 
extracting solvent. 

4.0 APPARATUS AND MATERIALS 

4.1 Samalfng equipment for discrete or comoosfte sampling: 

4.1.1 Grab sample bottle--amber glass, l·liter or !-quart volume. 
French or Boston Round design is recommended. The container must be acid 
washed and solvent rinsed before use to minimize interferences. 

4.1.2 Bottle caps--threaded to screw onto the sample bottles. Caps 
must be lined with Teflon. Solvent washed foil, used with the shfny side 
toward the sample, DIY be substituted for Teflon if the sample is not 
corrosive. Apply tape around cap to completely seal cap to bottom. 

4.1.3 Compositing equipment--automatic or manual compositing 
system. No tygon or rubber tubing may be used, and the system must 
incorporate glass sample containers for the collection of a minimum of 
250m~ Sample containers must be kept refrigerated after sampling. 

4.2 Water bath--heated, with concentric ring cover, capable of 
temperature control (!z•c). The bath should be used fn a hood. 
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1s defined as an Selected Ion Current Profile (SICP). Software must also 
be able to integrate the lbun~ance, ~n any SICP, between specified t1me 
or scan number li•its. 

4.4 Pipets-Disposable,· Pasteur, 150-nm long x 5-nm I.O. (F1 sher 
Scientific Company, No. 13-678-6A, or equivalent). 

4.4.1 Pfpet, disposable, serological 10-mL (Amerfcan Scientific 
Products No. P4644-10, or equivalent) for preparation of the carbon 
column specifie~ in Paragraph 4.19. 

4.5 Amber glass bottle (500-•L, Teflon-lined screw-cap). 

4.6 React1-v1al 2.-L, amber glass (P1erce Chemical Company). These 
shou1d be silantzed prior to use. 

4.7 500-mL Erlen~eyer flask (American Sc1ent1f1c Products Cat. No. f4~~s 
500f0) fitted w1th Teflon stoppers (ASP No. s9058-8, or equivalent}. 

4.8 Wrist Action Shaker (VWR No. 57040·049, or equivalent). 

4.9 125-mL an~ 2-L Separatory Funnels (Ffsher Sc1ent1f1c Company, 
No. 10-437-5b, or equivalent). 

4.10 500-mL Kuderna-Olntsh fitted with a 10-eL concentrator tube an~ 
3-ball Snyder column (Ace Glass No. 6707-o2, 6707-12, 6575-02, or equivalent) • 

4.11 Teflon boiling chips (Berghof/Amer1can Inc., Main St., Rayman~. New 
Hampshire 03077, No. 15021-450, or equivalent). Wash with hexane prior to 
use. 

4.12 300-mm x 10.5-mm glass chromatographic column fitted with Teflon 
stopcock. 

4.13 15-mL conical concentrator tubes (Kontes No. K-288250, or 
equivalent) • 

4.14 Adaptors for concentrator tubes (14/20 to· 19/22) (Ace Glass No. 
9092-20, or equivalent}. 

4.15 Nitrogen blowdown apparatu~ (N-Evap (reg. tra~emark) Analytical 
Evaporator Model 111, Organomation Associates Inc., Northborough, 
Massachusetts or equivalent). Teflon tubing connection to trap and gas 
~egulator 1s required • 

4.16 Microflex conical vials 2.0-mL (Kontes K-749000, or equivalent}. 

4.17 Filter paper (Whatman No. 54, or equivalent). Glass fiber filters 
or glass !ool plugs are also recommended. 

(special order ttem) 12.5-cm 
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5.5 Alumina, neutral, Super 1, Woelm, 80/200 mesh. Store in a sealed 
container at roo• temperature in a desiccator over self-1nd1cating silica gel. 

5.6 Prepur1f1ed nitrogen gas. 

5.7 Anhydrous sodium sulfate (reagent grade): Extracted by manual 
shaking with several portions of hexane and dried at 1oo•c. 

5.8 Sodium chloride- (analytical reagent), 5 percent (w/v) in distilled 
water • 

6.0 CALIBRATION 

6.1 Two types of ca11bration procedures are required. One type, initial 
ca11bration, is required before any samples are analyzed and 1s requ1red 
1nte~ittently throughout sample analyses as d1ctated by results of rout1ne 
calibration procedures described below. The other type, routine calibration, 
consists of analyzing the coluan performance check solution and a 
concentration calibration solution of 500 ng/mL (Paragraph 6.2). No samples 
are to be analyzed until acceptable ca11bration as described in Paragraphs 6.3 
and 6.6 1s demonstrated and documented. 

6.2 In1tial calibration: 

6.2.1 Prepare ~lt1-leve1 calibration standards% keeping one of 
the recovery standards and the internal standard at fixed concentrations {500 
nq/mL). Additional internal standards (13c1z-OCDD 1,000 nq/mL) are 
reco.-ended when quantification of the hepta- and octa-fsomers fs requ1red. 
The use of separate internal standards for the PCDF's fs also recommended. 
Each calibration standard should contain the following compounds: 

2,3,7,8-TCDD, 
1,2,3,7,8-PeCDD 
1,2.~,4,7,8-HxCDD 
1,2,3,4,6,7,8-HpCDD 

2,3,7,8-TCDF 

or any available 
or any available 
or any available 

2,3,7,8,X-PeCOD fsomer, 
2,3,7,8,X,Y-HxCDD fsomer, 
2,3,7,8,X,Y,Z-HpCOD fsomer, 

1,2,3,7,8,PeCOF or any available 2,3,7,8,X-PeCOF fsomer, 
1,2,3,4,7,8-HxCDF or any available .. 2,3,7,8,X,Y,HxCOF isomer, 
1,2,3,4,6,7,8-HpCDF or any available 2,3,7,8,X,Y,Z-HpCDF isomer, 

OCOD, OCDF, 13C1z•2,3,7,8-TCDD, 13Ctz·l,2,3,4-TCOD and 13Ctz·OCOO. 

2 13ct2·labeled analytes are available froa C.mbridqe Isotope Laboratory, 
Woburn, Massachusetts. Proper quantification requ1res the use of a specific 
labeled isomer for each congener to be determined. When labeled PCOO's and 
PC~F.·s ot.each homolog are available, the1r use will be required consistent 
with the technique of isotopic dilution. 
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It is the responsibility of the laboratory to verify the conditions 
suitable for maximum resolution of 2,3,7,8-TCOO from all other TCOO isomers. 
The peak representing 2,3,7,8-TCOO should be labeled and identified as such on 
a 11 ch ro1111 tog rams. 

6.4 Acceptable SIH sensitivity is verified by achieving a minimum 
signal-to-noise rat1o of 50:1 for the m/z 320 1on of 2,3,7,8-TCOO obtained 
fro. injection of the 200 ng/mL calibration standard. 

6.5 From injections of the 5 calibration standards, calculate the 
relative response factors (RRF's) of analytes vs. the appropriate internal 
standards, as described in Paragraph 11.1.2. Relative response factors for 
the hepta- and octa-chlorinated COO's and COF's are to be calculated using the 
corresponding 1Jc1z-octachlorinated standards • 

6.6 For each analyte calculate the ~ean relative response factor(~~~). 
the standard deviation, and the percent relative standard deviation from 
triplicate determinations of relative response factors for each calibration 
standard solution. 

6.7 The percent relative standerd deviations (based on triplicate 
analysis) of the relative response factors for each calibration standard 
solution should not exceed 15 percent. If this condition is not satisfied, 
rtDtdial action should be taken. 

6.8 The Laboratory must not proceed with analysis of stmples before 
determining and documenting acceptable calibration witn the criteria specified 
fn Paragraphs 6.3 and 6.7. 

6.9 Routine calibration: 

5.9.1 Inject a 2-uL aliquot of the column performance check 
mixture. Acquire at least five data points for each GC peak and use the 
same data acquisition time for each of the ions being .anitored. 

NOTE: The same data acquisition parameters previously used to 
analyze concentration calibration solutions during initial 
calibration must be used for the performance check solution. 
The column performance check solution must be run at the 
beginning and end of a 12 hr period. If the contractor 
laboratory operates during consecutive 12-hr periods 
(shifts), analysis of tn·e performance check solution at the 
beginning of each 12-hr period and at the end of the final 
12-hr period is sufficient. 

Determine and document acceptable column performance as described fn 
Paragraph 6.3. 

5.9.2 Inject a 2-uL aliquot of the calibration standard solution at 
500 ng£pL at the beginning of a 2-hr period. Determine and document 

.acceptable calibration as specified in Paragraph 6.3, f.e., SIM 
·sensit.fvity and relatf·,e ion abundance criteria. The measured RRF's of 
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8.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

PROCEDURE NO: 
321-SP-026 

8.1 Grab and composite samples must be collected 1n glass containers. 
Conventional sampling practices must be followed. The bottle must not be 
prewashed wfth sample before collection. Composite samples should be 
collected 1n glass containers. Sampling equipment must be free of tygon, 
rubber tubing, other potential sources of contamination whfch may absorb the 
target analytes. 

8.2 All·sa.otes .ust be stored at 4•c, extracted wfthfn 30 days and 
c~letely analyzed within 45 days of collection-

9.0 EXTRACTION AND CLEANUP PROCEDURES 

9.1 Internal standard addition. Use a sample aliquot of 1 g to 1,000 mL 
(t~fcat sample sfze ~uire.ents for each type of aatrfx are provided fn 
Paragraph 9.2) of the chemical waste or soft to be analyzed. Transfer the 
sample to a tared flask and determine the weight of the sample. Add an 
appropriate quantity of 13cl2•2,3,7,8-TCOD, and any other material which 1s to 
be used as an internal standard, (Paragraph 6.2). All samples should be 
spfk~wfth at least one internal standard, for example, 13c1z·2,3,7,8-TCOO, 
to gfve a concentration of 500 n;/~ in the final concentratea extrace. As an 
example, a 10 g samplf concentrated to a final volume of 100 uL requires the 
addition of SOng of lc12•2,3,7,8-TCOD, assu.ing 1001 recovery. Adoption of 
different calibration solution sets (as needed to achieve different 
quantification lf•its for different congeners) will require a change in the 
fortification level. Individual concentration level~ for each homologous 
series must be specified. 

9.2 Extraction 

9.2.1 Sludge/fuel oil. Extract aqueous sludge samples by refluxin~ 
a sample (e.g. 2 g) with 50 & of toluene (benzene).. in a 125-mL fluk 
fitted wfth a Dean-Stark water separator. Continue refluxing the sample 
until all the water has been removed. Cool the sample, filter the 
toluene extract through a fiber filter, or equivalent, into a 100-mL 
round bottom flask. Rinse the filter with 10 mL of toluene, combfne the 
extract and rinsate. Concentrate the combined solution to near dryness 
usfng a rotary evaporator at so•c. Use of an inert gas to concentrate 
the extract fs also permitted. Proceed wfth Step 9.2.4. 

9.2.2 St111 ~.~ Extract still bottom samples by •ixfn~a 
sample (e.g., 1.0 g) with 10 lit. of toluene. (benzene)-.fn a small beaker 
and filtering.the solution through a glass ffber fflter (or equivalent) 
fnto a 50-mL round bottom flask. Rfnse the beaker and filter with 10 mL 
of toluene. Concentrate the combfned toluene solution to near dryness 
usfng a rotary evaporalor at so•c whfle connected to a water aspirator. 
Proceed wfth Step 9.2.4. 
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PROCEDURE NO: 
321-SP-026 

Pour the entire sample (approximately 1-L) 1nto a 2-L separato~ funnel. 
Proceed with Step 9.2.5.1. 

NOTE: A continuous liquid-11qu1d extractor may be used in place of 
a secaratory funnel when experience wfth a s~le from a 
given source indicates that a serious emulsion problem wfll 
result or an emulsion 1s encountered using a separatory 
funnel. Add 50 mL of .. thylene chlorfd~ to the s~le 
bott 1 e, sul , and shake for 30 sec. to rinse the 1 nner 
surface. Transfer the solvent to the extractor. Repeat the 
sample bottle rinse with an additional so- to 100-mL portion 
of methylene chloride and add the rinse to the extractor. 
Add 200 to 500 •L of methylene chloride to the distilling 
flask; add sufficient reagent water to ensure proper 
operation, and extract for 24 hr. Allow to cool, then detach 
the distilling flask. Dry and concentrate the extract as 
described fn Paragraphs 9.2.5.1 and 9.2.5.2. Proceed wfth 
Paragraph 9.2.5.3. · 

9.2.5.1 Add 50~ .. thylene chloride to the sample bottle, 
seal and shake 30 sec to rinse the inner surface. Transfer the 
solvent to the separatory funnel and extract the S&~Ple by shaking 
the funnel for 2 •fn with periodic venting. Allow the organic layer 
to separate from the water phase for a •inimum of 10 •in. If the 
emulsion interface between layers fs more than one-third the volume 
of the solvent layer, the analyst lUSt .-ploy -.chanfcal techniques 
to complete the phase separation. Collect the .. thylene chloride 
(3 x 60 •-> directly 1nto a 500.-L Kuderna-Danfsh concentrator 
(mounted with a 10-•L concentrator tube) by passing the sample 
extracts through a filter funnel packed with a glass wool plug and 
5 g of anhydrous sodium sulfate. After the third extraction, rinse 
the sodium sulfate wfth an additional 30 mL of eethylene chloride to 
ensure quantitative transfer. 

9.2.6.2 Attach a Snyder column and concentrate the extract on 
a water bath until the apparent volume of the liquid reaches 5 mL. 
Remove the K-D apparatus and allow ft to drain and cool for at least 
10 •1n. Remove the Snyder column, add SO mL hexane, re-tttach the 
Snyder column and concentrate to approximately 5 mL. Add a new 
boiling chip to the K-0 apparatus before proceeding wfth the second 
concentration step. 

Rinse the flask and the lower joint with 2 x 5 mL hexane and combine 
rinses with extract to give a final volume of about 15 mL. 

9.2.6.3 Determine the original s~le volume by reffllfn~ the 
sample bottle to the mark and transferring the liquid to a 1,000-mL 
graduated cylinder. Record the sample volume to the nearest 5 ml. 
Proceed wfth Paragraph 9.3. 

·-9.3 In a 250-mL Separatory funnel, partition the solvent (15 mL hexane) 
against 40 ml of 20 percent (w/v) potassium hydroxide. Shake for 2 mfn. 
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9.9 Carbon column cleanup: 

PROCEDURE NO: 
321-SP-026 

Prepare a carbon column as described fn Paragraph 4.18. 

9.9.1 Using a carefully regulated stream of nitrogen (Paragraph 
4.15), concentrate the 8 percent fraction from the alumina column 
{Paragraph 9.8.1) to about 1 aL. Wash the sfdes of the tube with a saall 
volume of hexane (1 to 2 •L) and reconcentrate to about 1 mL. Save thfs 
8 percent concentrate for GC/MS analysis to check for breakthrough of 
PCOO's and PCDF's. Concentrate the 60 percent fractiow (Paragraph 9.8.2) 
to about 2 to 3 ~. Rinse the carbon w1th·5 aL cyclohexane/ .. thylene· 
chloride (50:50 v/v) in the forward' direction of flow a.-then fn the 
reversPdirection of flow. While still fn the reverse d1reet1on of flow, 
transfer the s~le·concentrate to the column and elute wit~ 10 mL of 
cyclohexane/ .. thylent chloride · (50:50 v/v) and-. 5 IlL of .. tttylent 
chloride/ .. thanol/benzene (75:20:5, v/v). Save all above eluates and 
cOIDintt (thfs fraction .. Y be used as a cheek on column eff1cien~y). Now 
turn the column over and in the d1reet1on of forward flow elut-.the 
PCDD/PCDF fraction with ZO 8L toluene. • 

NOTE: Be sure no carbon fines are present in the eluant. 

9.9.2 Alternate carbon colu.n cleanup. Proceed as fn Section 9.9.1 
to obtafn the 60 percent fraction re-concentrated to 400 uL whfch fs 
transferred to an HPLC inJector loop (1 IlL). The injector loop fs 
connected to the optional colWift described fn Paragraph 4.18. Rtnse the 
centrifuge tube with 500 uL of hexane and add this rinsate to the 
injector loop. Load the cOIDintd concentrate and rinsate onto the 
column. Elute the coiuan at 2 IIL/•1n, &abient teaperature, wfth 30 mL of 
cyclo~!xane/-.thylene chloride 1:1 (v/v). Discard the eluant. Backflush 
the column wfth 40 •L toluene to elute and collect PCDO's and PCDF's 
(entire fraction). The column fs then discarded and 30 mL of 
cyclohexane/methylene chloride 1:1 (v/v) is pumped through a new column 
to prepare it for the next sample. 

9.9.3 Ev&IM)rate tht toluene-, fraction to about 1 mL on a rotary 
evaporator using a water bath at 5o•c. Transfer to a 2.0-•L Reacti-vfal 
using a to 1 uene r1 nse and concentrat~· to the des 1 red vo 1 ume us 1 n~ a 
strea. of Nz. The final volu.e should be 100 uL,for sq11 samples and 
500 uL for sludge, still bot~. and fly ash sa.ples: this is provided 
for guidance, the correct volumt wi]l depend on the relative concentra
tion of target analytes. Extracts which are deter.1ned to be outsfde the 
calibration range for individual analytes must be diluted or a smaller 
portion of the sa.ple must be re-extracted. Gently swirl the solvent on 
the lower portion of the vessel to ensure complete dissolution of the 
PCOD's and PCDF's. 

9.10 Approximately 1 hr before HRGC/LRMS7 analysis, transfer an alfquot 
of the extract to t •icro-v1al {Paragraph 4.16). Adehto this sufficient 
recovery st~dant ( 3clz1,2,3,4-TCDO) to gfve a concentration of 500 ng/m•. 
(Example: 36 uL aliquot of extract and 4 uL of recovery standard solution. 
Remember to.&djust the ffnal result to correct for this dilution. Inject an 
apprnpriate aliquot (lor 2 uL) of the sample into the GC/MS instrument. 
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1.0 PURPOSE 

The purpose of this SOP is to establish a guideline for the extraction of 

sludge or solid samples for free acid herbicide analysis. 

2. 0 SCOPE AND APPLICABILITY 

2.1 Scope 

This document describes the procedure used to extract. hydrolyze. and 

concentrate sludge or solid samples for sw-846 Method 8150. It contains 

recommendations for all reagents and procedures. Refer to SW-846 and the 

appropriate SOP for details regarding Soxhlet extraction (Method 3540. 

325-sP .... 013). 

2.2 Applicability 

These modifications contained in this SOP are applicable in Austin Sample 

Preparation Lab for preparation of sludge and solid samples for Method 

8150 • 

I 
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6.1.2 Separatory funnel: 500.,.mL, acid ... rinsed and solvent~ashed. 

6.1.3 Vials: 12 mL glass, with screw ... top cap and Teflon septum, 

acid.,.rinsed and solvent ... washed. 

6.1.4 Boiling chips: Solvent extracted, approximately 10/40 mesh 

(silicon carbide or equivalent). 

6.2 Apparatus 

6.2.1 Kuderna ... Danish (K ... D) apparatus: 

• 

• 

Concentrator tube: 1~mL. graduated (Kontes K ... 57005~1025 or 

equivalent). Ground ... glass stopper is used to prevent 

evaporation of extracts 

Evaporation flask: 500.,.mL (Kontes K.,.570001.,.500 or 

equivalent). Attach to concentrator tube with springs • 

• Snyder column: Three...ball macro (Kontes K.,.503000.,.0121 or 

equivalent). 

• Snyder column: Twa...ball micro (Kontes K.,.569001.,.0219 or 

equivalent). 

6.2.2 Water bath: Heated, with concentric ring cover, capable of 

temperature control (+5°C). The bath should be used in a hood. 

6.2.3 Balance: Analytical, capable of accurately weighting to the 

nearest 0.0001 g. 

6.2.4 Nitrogen blowdown, apparatus: with stainless steel needles and 

water bath. 
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7.6 Phosphoric acid: 85%, reagent 

7.7 Potassium hydroxide solution: 37% (w/v). in reagent water. 
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8.1 See SOP 325.,.SP.,.024, Special Procedures When Preparing Samples for GC/ECD 

Analyses, for special and important considerations regarding prevention 

of contamination. 

8.2 Solid samples should be acidified to pH <2, by treatment with 1 mL or 

more of 1:1 sulfuric acid/reagent water, followed by drying with sodium 

sulfate. This will convert the salts to acids and help ensure recovery 

of analytes, since they will be in the carboxylic acid form. 

8.3 Prepare an extract of the sample using an appropriate method (see sw ... 846, 

Method 3540, 3550, or 3580, and SOP's 325.,.SP.,.013, ... 020, or .,.022). extract 

with methylene chloride. Adjust volume of the extract to about 60 mL in 

a Kuderna ... Danish apparatus. Add 5 mL of 37% aqueous potassium hydroxide, 

40 mL of methanol, and a fresh boiling chip (if needed). 

8.4 Adjust the water bath temperature to 140.,.150°F, which should cause the 

methylene chloride to reflux gently. Heat the solution for 90 minutes to 

complete the hydrolysis. CAUTION: once hydrolysis is complete, remove 

the mixture from the K.,.D apparatus if storage is necessary. Strong 

alkali ~n corrode the ground glass connections. 

8.5 Pour the contents of the K.,.D apparatus into a separatory funnel; rinse 

the K.,.D apparatus twice with reagent water and twice with methylene 

chloride, combining these rinses into the separatory funnel, also; add 50 

mL deionized water and 50 mL of methylene chloride. Shake well for 1 

minute, and vent often; allow the layers to separate for at least 10 

minutes, and drain the solvent layer into an Erlenmeyer flask. Add two 

more 50 mL portions of methylene chloride, shaking and draining after 
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All workplans/travelers shall be in accordance with Documentation SOPs • 

13.0 PUBLISHED REFERENCES 

EAP SW·846. Method 8150. 3rd Edition. 

14.0 APPENDICES 

See Attachment 1. 
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1.0 SCOPE AHD APPLICATION 

METHOD 8150 

CHLORINATED HERBICIDES 

1.1 Method 8150 is a gas chromatographic (GC) method for determining 
certain chlorinated acid herbicides. Table 1 indicates compounds that may be 
determined by this .. thod and lists the method detection limit for each 
compound in reagent water. Table 2 lists the practical quantitation limit 
(PQL) for other matrices. 

1.2 When Method 8150 is used to analyze unfamiliar samples, compound 
identifications should be supported by at least one additional qualitative 
technique. This method describes analytical conditions for a second gas 
chromatographic column that can be used to confirm measurements made with the 
prima~ column. Section 8.4 provides gas chromatograph/mass spectrometer 
(GC/MS) criteria appropriate for the qualitative confirmation of compound 
identifications. 

~· 1.3 Only experienced analysts should be allowed to work with 
diazomethane due to the potential hazards associated with its use (the 

.,.,. compound fs explosive and carcinogenic). · 

'''"' 

"''' 

2.0 SUMMARY OF METHOD 

2.1 Method 8150 provides extraction, esterification, and gas chroma
tographic conditions for the analysis of chlorinated acid herbicides. Spiked 
samples are used to verify the applicability of the chosen extraction 
technique to each new sample type. The esters are hydrolyzed with potassium 
hydroxide, and extraneous organic aaaterial is remo·1ed by a solvent wash. 
After acidification, the acids are extracted with solvent and converted to 
their methyl esters using diazomethane as the derivatizing agent. After 
excess reagent is removed, the esters are determined by gas chromatography 
employing an electron capture detector, m1crocoulometric detector, or 
electrolytic conductivity detector (Goerlitz and Lamar, 1967). The results 
are reported as the acid equivalents. 

,,.,, 2.2 The sensitivity of Method 8150 usually depends on the level of 
interferences rather than on instrumental limitations. 

3.0 . INTERFERENCES 

3.1 Re~er to·Method 8000. 

3.2 Organic acids, especially chlorinated acids, cause the most direct 

"!'Ml 

interference with the determination. Phenols, including chlorophenols, may 
also interfere with this procedure. 
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3.3 Alkaline hydrolysis and subsequent extraction of the basic solution 
remove .any chlorinated hydrocarbons and phthalate esters that might otherwise 
interfere with the electron capture analysis. 

3.4 The herbicides, being strong organic acids, react readily with 
alkaline substances and may be lost during analysis. Therefore, glassware and 
glass wool must be acid-rinsed, and sodium sulfate must be acidified with 
sulfuric acid prior to use to avoid this possibility. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: Analytical system complete with gas chroma-
tograph suitable for on-column injections and all required accessories, 
including detectors, column supplies, recorder, gases, and syringes. A data 
syste. for measuring peak areas and/or peak heights is recommended. 

4.1.1 Colu.s: 

4.1.1.1 Column 1a and 1b: 1.8-m x 4-mm I.D. glass, packed 
with 1.51 SP-2250/1.951 SP-2401 on Supelcoport (100/120 mesh) or 
equivalent. 

4.1:1.2 Column 2: 1.8-m x 4-mm I.O. glass, packed with 5% OV-
210 on Gas Chrom Q (100/120 mesh) or equivalent. 

4.1.1.3 Column 3: 1.98-m x 2-mm I.O. glass, packed with 0.1% 
SP-1000 on 80/100 mesh Carbopack C or equivalent. 

4.1.2 Detector: Electron capture (ECO). 

4.2 Erlenmeyer flasks: 250- and 500-mL Pyrex, with 24/40 ground-glass 
joint. 

4.3 Beaker: 500-.L. 

4.4 Ofazomethane generator: Refer to Section 7.3 to determine which 
method of d1azomethane generation should be used for a particular application. 

cap. 

4.4.1 D1azald k1t: recommended for the generation of diazomethane 
using the procedure given in Section 7.3.2 (Aldrich Chemical Co., Cat. 
No. 210,025-2 or equivalent). 

4.4.2 Assemble from two 20 x 150-mm test tubes, two Neoprene rubber 
stoppers, and a source of nitrogen. Use Neoprene rubber stoppers with 
holes drilled-in them to accommodate glass delivery tubes. The exit tube 
must be ·arawn· to a point to bubble dfazomethane through the sample 
extract. The generator assembly is shown in Figure 1. The procedure for 
use of this type of generator is given in Section 7.3.3. 

4.5 Vials: Amber glass, 10- to 15-mL capacity with Teflon-lined screw 
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4.6 Separatory funnel: 2-L, 125-mL, and 60-mL. 

4.7 Oaring column: 400-mm X 20-mm I.O. Pyrex chromatographic column 
with Pyrex g ass wool at bottom and a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain the 
adsorbent. Prewash the glass wool pad with 50 It of acetone followed by 
50 ml of elution solvent prior to packing the column with adsorbent. 

4.8 Kuderna-Oanish (K-0) apparatus: 

4.8.1 Concentrator tube: 10-ml, graduated (Kontes K-570050-1025 or 
equivalent). Ground-glass stopper 1s used to prevent evaporation of 
extracts 

. 4.8.2 Evaporat1on flask: 500-ml (Kontes K-570001-500 or 
equivalent). Attach to concentrator tube with springs. 

· 4.8.3 Snyder col&m~~: 
equivalent). 

4.8.4 Snyder colu.n: 
equ1va 1 ent). 

Three-ball macro (Kontes K-503000-0121 or 

Two-ball micro (Kontes K-569001-0219 or 

4.9 Boiling chiTs: Solvent extracted, approximately 10/40 mesh (silicon 
carbide or equivalent • 

4.10 Water bath: Heated, with concentric ring cover, capable of 
temperature control (!s•c). The bath should be used fn a hood. 

4.11 Mfcrosyringe: 10-uL. 

4.12 Wrist shaker: Burrell Model 75 or equivalent. 

4.13 Glass wool: Pyrex, acid washed. 

4.14 Balance: 
nearest 0.0001 g. 

Analytical, capable of accurately weighting to the 

4.15 Syringe: 5-ml. 

4.16 Glass rod. 

5. 0 REAGENTS. 

5.1 Reagent water: Reagent water fs defined as a water 1n which an 
interferent is not observed at the method detection limit of each parameter of 
interest. 
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volumes can be used at the convenience of the analyst. If compound 
purity is certified at 961 or greater, the weight can be used without 
correction to calculate the concentration of the stock standard. 
Commer1cally prepared stock standards can be used at any concentration ff 
they are certified by the manufacturer or by an independent source. 

5.10.2 Transfer the stock standard solutions into Teflon-sealed 
screw-cap bottles. Store at 4•c and protect from light. Stock standard 
solutions should be checked frequently for signs of degradation or 
evaporation, especially just prior to preparing calibration standards 
from then~. 

5.10.3 Stock standard·solutions must be replaced after 1 year, or 
sooner if comparison with check standards indicates a problem. 

5.11 Calibration standards: Calibration standards at a minimum of five 
concentration levels for each parameter of interest should be prepared through 
dilution of the stock standards with diethyl ether. One of the concentration 
levels should be at a concentration near, but above, the method detection 
lim1t. The remaining concentration levels should correspond to the expected 
range of concentrations found in real samples or should define the working 
range of the GC. Calibration solutions must be replaced after six months, or 
sooner if comparison with check standards indicates a problem. 

5.12.1 Prepare calibration standards at a minimum of five 
concentration levels for each parameter of interest as described 1n 
Paragraph 5.11. 

5.12.2 To each calibration standard, add a known constant amount of 
one or mare internal standards, and dilute to volume with diethyl ether. 

5.12.3 Analyze each calibration standard according to Section 7.0. 

5.13 Surrogate standards: The analyst should monitor the performance of 
the extraction, cleanup (when used), and analytical system and the 
effectiveness of the method in dealing with each sample matrix by spiking each 
sample, standard, and reagent water blank with one or two herbicide surrogates 
(e.g., herbicides that are not expected to be present in the sa~le) 
recommended to enca.pass the range of the temperature program used in this 
method. Oeut•rated· analogs of analytes should not be used as surrogates for 
gas chromatographic analysis due to coelution problems. 
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7.1.2.2 Remove the flask from the water bath and allow to 
cool. Transfer the water solution to a 125-mL separatory funnel and 
extract the basic solutions once with 40 mL and then twice with 20 
•L of diethyl ether. Allow sufficient time for the layers to 
separate and discard the ether layer each time. The phenoxy acid 
herbicides remain soluble in the aqueous phase as potassium salts. 

7.1.3 Solvent cleanup: 

7.1.3.1 Adjust the pH to 2 by adding S ml cold (4•c) sulfuric 
acid (1:3) to the separatory funnel. Be sure to check the pH at 
this point. Extract the herbicides once with 40 mL and twice with 
20 ml of d1ethyl ether. Discard the aqueous phase. 

7.1.3.2 Combine ether extracts in a 125-mL Erlenmeyer flask 
containing 1.0 g of acidified anhydrous sodium sulfate. Stopper and 
allow the extract to remain in contact with the acidified sodium 
sulfate. If concentration and esterification are not to be 
performed iaaediately, store the sample overnight in the 
refrigerator. 

7.1.3.3 Transfer the ether extract, through a funnel plugged 
with acid-washed glass wool, into a 500-mL K-0 flask equipped with a 
10-mL concentrator tube. Use a glass rod to crush caked sodium 
sulfate during the transfer. Rinse the Erlenmeyer flask and column 
with 20-30 aL of diethyl ether to complete the quantitative 
transfer. 

7.1.3.4 Add one or two clean boiling chips to the flask and 
attach a three-ball Snyder column. Prewet the Snyder column by 
adding about 1 mL of diethyl ether to the top. Place the apparatus 
on a hot water bath (&o•-65•c) so that the concentrator tube 1s 
partially iJDersed 1'n the hot water and the entire lower rounded 
surface of the flask 1s bathed 1n vapor. Adjust the vertical 
position of the apparatus and the water temperature, as required, to 
complete the concentration in 15-20 min. At the proper rate of 
distillation, the balls of the column will actively chatter, but the 
chambers will not flood. When the apparent volume of liquid reaches 
1 aL, remove the K-0 apparatus from the water bath and allow it to 
drain and coo 1 .. for at 1 east 10 min. 

7.1.3.5 Remove the Snyder column and rinse the flask and its 
lower joints into the concentrator tube with 1-2 mL of diethyl 
ether. A 5-mL syringe is recommended for this operation. Add a 
fresh boLling chip, attach a micro-Snyder column to the concentrator 
tube~ and prewet the column by adding O.S mL of ethyl ether to the 
top. Place the micro-K-0 apparatus on the water bath so that the 
concentrator tube is partially immersed in the hot water. Adjust 
the vertical position of the apparatus and the water temperature as 
required to complete concentration in S-10 min. When the apparent 
volume of the liquid reaches O.S mL, remove the micro-K-D from the 
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7.2.3 Solvent cleanup: 

7.2.3.1 Acidify the contents of the separatory funnel to pH 2 
by adding 2 aL of cold (4•c) sulfuric acid (1:3). Test with pH 
indicator paper. Add 20 mL diethyl ether and shake vigorously for 
2 min. Drain the aqueous layer into a 250-mL Erlenmeyer flask, and 
pour the organic layer into a 125-ml Erlenmeyer flask containing 
about 0.5 g of acidified sodium sulfate. Repeat the extraction 
twice more with 10-mL aliquots of diethyl ether, combining all 
solvent in the 125-mL flask. Allow the extract to remain in contact 
with the sodium sulfate for approximately 2 hr. 

7.2.3.2 Transfer the ether extract, through a funnel plugged 
with acid-washed glass wool, into a 500-aL K-D flask equipped with a 
10-ml concentrator tube. Use a glass rod to crush caked sodium 
sulfate during the transfer. Rinse the Erlenmeyer flask and column 
with 20-30 aL of diethyl ether to complete the quantitative 
transfer. 

7.2.3.3 Add one or two clean boiling chips to the flask and 
attach a three-ball Snyder column. Prewet the Snyder column by 
adding about 1 mL of diethyl ether to the top. Place the apparatus 
on a hot water bath (60··65•c) so that the concentrator tube is 
partially immersed in the hot water and the entire lower rounded 
surface of the flask is bathed 1n vapor. Adjust the vertical 
position of the apparatus and the water temperature, as required, to 
complete the concentration 1n 15-20 min. At the proper rate of 
distillation, the balls of the column will actively .chatter, but the 
chambers will not flood. When the apparent volume of liquid reaches 
1 mL, remove the K-D apparatus from the water bath and allow it to 
drain and cool for at least 10 min. 

7.2.3.4 Remove the Snyder column and rinse the flask and its 
lower joints into the concentrator tube with 1-2 mL of diethyl 
ether. A 5-ml syringe is recommended for this operation. Add a 
fresh bolling chip, attach a micro-Snyder column to the concentrator 
tube, and prewet the ~olumn by adding 0.5 mL of ethyl ether to the 
top. Piace the micro-K-0 apparatus on the water bath so that the 
concentrator tube is partially immersed in the hot water. Adjust 
the vertical position of the apparatus and the water temperature as 
required to complete concentration in 5-10 min. When the apparent 
volume of the liquid reaches 0.5 mL, remove the micro-K-0 from the 
bath and allow 1t to drain and cool. Remove the Snyder column and 
add 0.1 mL of methanol. Rinse the walls of the concentrator tube 
while adjusting the extract volume to 1.0 •L with diethyl ether. 

·-· 7.2-.-3.5 Determine the original sample volume by refilling the 
sample bottle to the mark with water and transferring to a 1-liter 
graduated cylinder. Record the sample volume to the nearest 5 mL. 
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This document contains procedural guidelines and adaptations for the removal 

of sulfur from organic extracts per SW-846 3rd Edition, Method 3660. 

2.0 SCOPE AND APPLICABILITY 

2.1 Scope 

Sulfur interference follows along with organophosphorous and 

organochlorine pesticides. Three techniques for the elimination of 

sulfur are detailed In this method: a) copper powder; b) mercury and c) 

tetrabutylammonium (TBA)-sulfite. 

2.2 Appl lcabillty 

These techniques are applicable to the Sample Preparation Lab. 

TBA-sulfite causes the least amount of degradation of a broad range of 

pesticides and organic compounds, while copper and mercury may degrade 

org~~oph~phorous and some organochlorine pesticides. 

3.0 SUMMARY OF METHOD 

The sample extract Is mixed with the cleanup reagent, shaken, and the extract 

Is then removed from the sulfur cleanup reagent. 
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6.1 Materials 

6.1 .1 Pipets, disposable, Pasteur. 

6.1 .2 Centrifuge: 12 ml, calibrated. 
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6.1.3 Glass bottles or vials: 10 ml and 50 ml, with Teflon-lined screw 

caps. 

6.2 Apparatus 

Mechanical shaker/mixer: such as Vortex Genie. 

7.0 CHEMICALS AND REAGENTS 

7.1 Reagent water: defined as water In which an Interferant Is not observed 

at the method detection limit of the compounds of interest. 

7.2 Nitric acid: dilute. 

7.3 Acetone, hexane, 2-propanol: pesticide quality or equivalent • 

7.4 Copper powder: remove oxides by treating with dilute nitric acid, 

rinsing with reagent water to remove alI traces of acid, rinse with 

acetone, dry under stream of nitrogen. (Copper, fine granular, 

Mal linckrodt 4649 or equivalent) • 

7.5 Mercury: triple distil led. 
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8.2 Removal of sulfur using TBA-sulfite: 

8.2.1 Concentrate sample to 5.0 ml [1.0] and quantitatively transfer to 

25 ml glass bottle. 

8.2.2 Add 1.0 ml TBA-sulfite reagent and 2 ml 2-propanol, seal bottle 

with Teflon or foll-1 lned cap. Shake for 1 minute, If clear 

crystals are observed, St;lfflclent sodium sulfite Is present. If 

the precipitated sodium sulfite disappears, add 100 mg portions of 

crystal line sodium sulfite until a residue remains after shaking. 

8.2.3 Add 5 ml reagent water and shake 1 minute. AI low to separate 5-10 

minutes. Transfer hexanEl (top layer) to concentrator tube and 

concentrate to required ~~thod volume. 

8.3 Removal of sulfur using copper: 

8.3.1 Concentrate extract to 5 .. 0 ml [1.0 ml for 8140]. 

8.3.2 Quantatively transfer extract to a centrifuge tube, calibrated to 

5.0 ml and 0.5 ml [1.0 mL & 0.5 mL for 8140] • 

8.3.3 Add approximately 2 gm copper (0.5 mL mark) to centrifuge tube • 

Mechanically mix for 1 minute. 

8.3_._4 T~~nsfer the extract, by dispo pipet, to solvent rinsed vial. The 

volume remaining represents a 5.0 mL [1.0 mL for 8140] sample. 

9.0 SHORTHAND PROCEDURE 

None. 
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4.3 Centrifuge tubes: Calibrated, 12-mL. 

4.4 Glass bottles or vials: 10-mL and 50-mL, with Teflon-lined screw-
caps • 

5.0 REAGENTS 

5.1 Reagent water: Reagent water is defined as water in which an 
interferent is not observed at the method detection limit of the compounds of 
interest. 

5.2 Nitric acid: Dilute • 

5.3 Acetone, hexane, 2-propanol: Pesticide quality or equivalent. 

5.4 Copper ~owder: Remove oxides by treating with dilute nitric acid, 
rinse with d1st11 ed water to remove all traces of acid, rinse with acetone 
and dry under a stream of nitrogen. (Copper, fine granular Mallinckrodt 4649 
or equivalent). 

5.5 Mercury: Triple distilled. 

5.6 Tetrabutylammonium (TBA)-sulfite reagent: Dissolve 3.39 g 
tetrabutylammonium hydrogen sulfate 1n 100 ml reagent water. To remove 
impurities, extract this solution three times with 20-ml portions of hexane. 
Discard the hexane extracts, and add 25 g sodium sulfite to the water 
solution. Store the resulting solution, which is saturated with sodium 
sulfite, in an amber bottle with a Teflon-lined screw-cap. This solution can 
be stored at room temperature for at least one month • 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material to this chapter, Organic Analytes, 
Section 4.1. 

7.0 PROCEDURE 

7.1 Removal of sulfur using copper: 

7.1.1 Concentrate the sample to exactly 1.0-ml in the Kuderna
Oanish tube. 

1.1:2 t"f the sulfur concentration is such that crystallization 
occurs, centrifuge to settle the crystals, and carefully draw off the 
sa!i-:-' e extract with a di sposab 1 e . pi pet 1 eavi ng the excess su 1 fur in the 
K-C .iJbe. Transfer the extract to a calibrated centrifuge tube. 

7.1.3 Add approximately 2 g of cleaned copper powder (to the 0.5 mL 
mark) to the centrifuge tube. Mix for at least 1 min on the mechanical 
shaker. 
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8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures and 
Method 3600 for cleanup procedures. 

8.2 All reagents should be checked prior to use to verify that 
interferences do not exist. 

9.0 METHOD PERFORMANCE 

9.1 Table 1 indicates the effect of using copper and mercury to remove 
sulfur on the recovery of certain pesticides • 

10. 0 REFERENCES 

1. Loy, E.W., private communication. 

2. Goerlitz, O.F. and L.M. Law, Bulletin for Environmental Contamination and 
Toxicology, 6, 9 (1971). 

3. U.S. EPA Contract Laboratory Program, Statement of Work for Organic 
Analysis, Revision, July 1985 • 
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1.0 PURPOSE 

The purpose of this document is to establish guidelines for procedural 

adaptations of the EPA sw ... 846 Method 3611 Alumina Column Cleanup. 

2.0 SCOPE AND APPLICABILITY 

2.1 Scope 

This SOP covers all steps or their modifications for the cleanup of 

samples containing high levels of interfering aliphatic hydrocarbons. 

2.2 Applicability 

This SOP is applicable. in Sample Preparation Lab. for the separation of 

aliphatic and aromatic compounds by applying this procedure to the 

base/neutral fraction obtained from the acid.,.base separation technique • 

3 • 0 METHOD SUMMARY 

An appropriate amount of the base/neutral sample extract to be used is 

determined gravimetrically. Extract is solvent.,.exchanged into hexane. Wet 

pack column with neutral alumina. Load sample extract and sequentially elute 

column with hexane (to remove aliphatics) and methylene chloride (for aromatic 
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6.2.1 Muffle furnace. 

6.2.2 Kuderna ... Danish (K.,.D) apparatus: 

6.2.2.1 

6.2.2.2 

6.2.2.3 

6.2.2.4 

Concentrator tube: 10...mL. graduated (Kontes 

K.,.570050.,.1025 or equivalent). Ground ... glass stopper is 

used to prevent evaporation of extracts. 

Evaporation flask: SOO.,.mL (Kontes K.,.570001.,.500 or 

equivalent). Attach to concentrator tube with springs. 

Snyder column: Three.,.ball macro (Kontes K ... S03000...0121 or 

equivalent). 

Snyder column: Two..-ball micro (Kontes K.,.569001.,.Q219 or 

equivalent). 

6.2.3 Water bath: Heated with concentric ring cover. capable of 

temperature control (~5°C). The bath should be used in a hood. 

7 • 0 CREMI GALS AND REAGENTS 

7.1 Sodium sulfate: (ACS) Granular. anhydrous; purified by heating at 400°C 

for 4 hours in a shallow tray. stored in a glass. sealable container. 

7.2 Eluting solvents: Methanol. hexane. methylene chloride (pesticide 

quality or equivalent). 

7.3 Alumina: Neutral 80.,.325 MCB chromatographic grade or equivalent. Dry 

alumina overnight at 130°C prior to use. 
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8.3.2 Heat the K.,.D apparatus on a water bath until the sample is 

concentrated to a volume of less than 5 mL. 

8.3.3 After cooling, remove the Snyder column, rinse the K-D with a small 

amount of hexane and allow it to drain. Use nitrogen to reduce the 

volume of the concentrate to less than 2 mL. 

8.4 Column Clean ... up 

8.4.1 To pack the column, weigh out 10 gm of alumina and add it to a 

chromatographic column that contains a small plug of glasswool 

above the stopcock and that is at least twa...thirds filled with 

hexane. Pouring alumina into hexane will produce less channeling 

than a dry ... packed column per Method 3611. Add about 1 em of 

anhydrous sodium sulfate to the top of the alumina. Open the 

stopcock on the column and let the hexane flow slowly while the 

alumina particles settle to the bottom. Allow the solvent to flow 

until the head of the liquid in the column is about 0.5 em above 

the sodium sulfate layer, then stop the flow. 

8.4.2 Quantitatively transfer the sample extract, in hexane, to the 

column. If extract is particularly dirty, agitate it for a minute, 

using the ultrasonic bath, to homogenize the concentrate. Drain 

the hexane level to the top of the sodium sulfate. Transfer the 

concentrate to the column and drain the level to the top of the 

sddium sulfate. Rinse the concentrator tube with a small amount of 

hexane (<1 mL) and transfer to column and drain the level to the 

top of the sodium sulfate, again. (SAVE concentrator tube for step 

8.4.5). 

8.4.3 Start the flow in the column and elute with 13 mL of hexane. Add 

the hexane carefully so that the adsorbant bed is not distrubed. 

NOTE: Flow rate for all elutions is 2 mL/minute. 
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8.5.3 Transfer the base/neutral aromatic extract to a calibrated 10 mL 

vial with several rinsings of the concentrator tube with solvent 

and adjust the final volume to 10 mL. 

8.6 Post.,.Clean Up Gravimetric Determination 

A post ... clean up gravimetric determination similar to that described in 

Section 6.1 may be performed as a check on cleanup efficiency if desired. 

8.7 Post.,.Clean Up Analysis 

Reduce final volume of the column eluate to 1 mL. or to the volume 

required by the analysis. Acid and base/neutral portions may be combined 

prior to final concentration if desired. 

9. 0 SHORTHAND PROCEDURE 

See Attachment 1 • 

10.0 CALCULATIONS 

None. 

11.0 QUALITY CONI'ROL 

Duplicates. spikes. blanks and other quality control samples will be prepared 
~ . - .. 

in accordance with QA/QC SOP. Other QA/QC considerations pertinent to the 

project must be detailed in the project workplan. 

12.0 DOCUMENTATION 

Documentation will be noted on the sample traveler as neutral alumina cleanup 

(or inclusive in Oily Waste Cleanup) and in accordance with Documentation 

SOPs. 
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3.0 INTERFERENCES 

3.1 A reagent ~lank should be performea for the compounds of interest 
prior to the use of this method. The level of interferences must be below the 
method detection limit before this method is performed on actual samples. 

3.2 More extensive procedures than those outlined in this method may be 
necessary for reagent purification. 

3.3 Caution must be taken to prevent overloading of t"e chromatographic 
column. As the column loading for any of these types of wastes approaches 
300 mq of. extractable organics, separation recoveries wi 11 suffer. If 
overloading is suspected, an aliquot of the base-neutral extract prior to 
cleanup may be weighed and then evaporated to dryness. A gravimetric 
determination on the aliquot will indicate the weight of extractable organics 
in the sample. 

4.0 APPARATUS AND MATERIALS 

4.1 Chromatoarachv column: 300-mm x 10-mm !.0., with Pyrex glass wool 
at bottom ana a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain the 
adsorbent. Prewash the glass wool pad with 50 mL of acetone followed by 
50 mL of elution solvent prior to packing the column with adsorbent. 

4.2 Beakers: 500-mL. 

4.3 Reagent bottle: 500-mL. 

4.4 Muffle furnace. 

4.5 Kuderna-Oanish (K-0) aocaratus: 

4.5.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or 
equivalent). Ground-glass stopper is used to prevent evaporation of 
extracts. 

4.5.2 Evaporat1on flask: 500-mL (Kontes K-570001-500 or 
equivalent). Attach to concentrator tube with springs. 

4.5.3 Snyder column: 
equiva 1 ent). 

4.5.4 Snyder column: 
equi va 1 ent") • 

Three-ball macro (Kontes K-503000-0121 or 

Two-ball micro (Kontes K-569001-0219 or 

4.6 Boiling ch1cs: Solvent extracted, approximately 10/40 mesh (silicon 
carbide or equ1valent). 

- .. 
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7.6 Just prior to exposure of the sodium sulfate to the air, elute the 
column with a total of 15 mL ' hexane. If the ~xtract is in l mL of hexane, 
and if 1 mL of hexane_was us~; as a rinse, then 13 mL of additional hexane 
should be used. Collect the effluent in a 50-mL flask and label this fraction 
"base/neutral aliphatics." Adjust the flow rate to 2 mL/min. 

7.7 Elute the column wit 100 mL of methylene chloride and collect the 
effluent in a 250-mL flask. Laoel this fraction "base/neutral aromatics." 

7.8 Elute the column with 100 mL of methanol and collect the effluent in 
a 250-mL flask. Label this fraction "base/neutral polars.· 

7.9 Concentrate the extracts by the standard K-0 technique to whatever 
volume is required (1-10 mL) in the appropriate determinative method (Section 
4.3 of this chapter). Analyze whichever fractions contain the analytes of 
interest. 

8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures ana 
Method 3600 for cleanup procedures. 

8.2 The analyst should demonstrate that the co~ounds of interest are 
being quantitatively recovered before applying this method to actual sa~les. 

8.3 For sample extracts that are cleaned up using this method, ~he 
associated quality control samples must also be processed througn this cleanuc 
method. 

9.0 METHOO PERFORMANCE 

9.1 The precision and accuracy of the method will depend upon the 
overall performance of the samcle preparation and analysis. 

9.2 A rag oil s~le was analyzed by a number of laboratories according 
to the procedure outlined in this method. The results of these analyses for 
selected comconents in the rag oil are presented in Table 1. Reconstructeo 
ion chromatograms from the GC/MS analyses are included as Figures 1 and 2. 

10.0 REFERENCES 

l. Gordon, A.J. and R.A. Ford, The Chemist's Comoanion: ~ Handbook of 
Practical Data, Technioues; and References (New Yor~: Jonn wiley & Sons, 
Inc.), pp. 372, 374, ana 3 5, 1972. 

Z. u.s. E?~ 40 CFR Part 136, "Guidelines Establishing Test Proceaures for the 
~nalysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final 
Rule and Proposed Rule,• October 26, 1984. 
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1.0 PURPOSE 

The purpose of this document is to establish guidelines for procedural 

adaptations of the EPA sw~846 Method 3650 Acid~Base Cleanup Extraction. 

2.0 SCOPE AND APPLICABILITY 

2.1 Scope 

2.2 

This SOP covers all steps or their modifications for acid~base parti

tioning of analytes using pH adjustment. 

Applicability 

This SOP is applicable, in Austin Sample Preparation lab, for the 

liquid-liquid partioning of acid analytes from base/neutrals for the 

cleanup of petroleum wastes. 

3 I 0 METHOD SUMMARY 

Load sample (approximate volume, 200 mL) into separatory funnel. Extract 

organic layer three times with 0.1N NaOH, save organic phase containing 

base/neutral analytes. Load aqueous phase into separatory funnel, adjust 

pH<2, and extract three times with methylene chloride to recover acid 

analytes. Proceed with additional cleanup of base/neutrals and/or concentrate 
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6.2 Apparatus 

7.1 

6.2.1 

6.2.2 

6.2.3 

Kuderna ... Danish (K.,.D) Apparatus: 

• Concentrator tube: 10...mL, graduated (Kontes K570D-1025 

or equivalent). Ground ... glass stopper is used to prevent 

evaporation of extracts. 

• Evaporation flask: SOO.,.mL (K.,.570001.,.0500 or equivalent). 

• 

• 

Attach to concentrator tube with springs. 

Snyder column: Three...ball macro (Kontes K ... S03000...0121 or 

equivalent). 

Snyder column: Twa...ball micro (Kontes K569001.,.0219 or 

equivalent). 

Water Bath: Heated with concentric ring cover. capable of 

temperature control C!5°C). The bath should be used in a 

hood. 

Zymark TurboVap 

CHEMICALS AND REAGENTS 

Reagent-Water: Reagent water is defined as water in which an 

interferent is not observed at the method detection limit of the 

compounds of interest. 

7.2 Sodium hydroxide, 0.1N: Solution with a pH >12 should be prepared using 

a 8.33 : 100 dilution of 12N NaOH (which is made from ACS grade NaOH 

pellets and organic.,.free water) into organic free water which has been 

saturated with ACS grade NaCl (in order to help minimize emulsion 

problems during the extraction). 
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8.6 Re.,.extract the organic layer twice more with 50 mL portions of 

O.lN sodium hydroxide solution. If less than 100 mL of aqueous 

portions has been recovered, perform a fourth extraction and allow 

extra time for separation of layers. 

8.7 Save both the base/neutral species in the organic phase and the 

acid species in the aqueous phase. 

8.8 Adjust the pH of the acid species in the aqueous phase to less than 

2 with 2:1 sulfuric acid solution. 

8.9 Transfer the acidified aqueous phase to the separatory funnel that 

was used for step 8.3. 

8.10 Add 75 mL of solvent to the separatory funnel. After shaking, 

check that the pH is still less than 2 and collect the solvent in a 

250 mL Erlenmeyer flask. Avoid collecting any of the aqueous layer 

with it. Perform a second and third extraction, 75 mL each, in the 

same manner, combining the extracts in the Erlenmeyer. 

8.11 If the acid and base/neutral fractions are to be analyzed together, 

it may be advantageous to save the acid extracts and concentrate 

them in combination with the base/neutral extracts, after the 

base/neutral portion has received any additional cleanup (such as 

Method 3611) that is necessary. 

8.12 If possible, do not use any drying agent to treat the acid extract. 

Loss of acid surrogates may be experienced, if drying agent is 

used. If drying is necessary, use acidified sodium sulfate. 
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13.0 PUBLISHED REFERENCES 

EPA sw~846. Method 3650. 3rd Edition. 

14.0 APPENDICES 

See Attachment 2. 
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1) 

2) 

3) 

4) 

Oily waste clean-up: Acid/Base Partition of 
8270's (See SOP 325-SP-011, -014) 

Gravimetrically determine appropriate sample volume to use and dilute 
to 200 mL with MeC12• 

Wash 3 times with 50 mL portions of 0.1N NaOH (shake 1-2 min. each 
time in a small sep-funnel with periodic venting). Save the aqueous 
portion for acid wash. Be sure pH is maintained at~ 12 and do a 4th 
wash if <100 mL of aqueous solution is recovered. 

Collect the organic layer in a 250 mL Erlenmeyer and KD to 3.5 ML, 
with hexane exchange. Save this portion for neutral alumina column 
clean-up. (Base/Neutral fraction) 

To the 100-150 mL aqueous portion in Step 2, add 2:1 H2so4:H20 to 
pH~ 2, transfer to sep-funnel, and add 75 mL MeC1

2
• Shake ana mark 

"acid" portion. 

5) Neutral Alumina Column Clean-up: 
a) Wet pack 1 em column with 10 g baked neutral alumina. 
b) Add 1 em Na2so4 & elute solvent to just above the sulfate layer. 
c) Quantitatively transfer sample to column, rinse the receiver, 

and drain to the top of the sulfate layer. 
d) Start the flow and elute with 13 mL of hexane (approx. 2 mL/min.). 

This 15 mL fraction is t~e aliphatics portion and should be collected 
in a 20 mL vial and stored in the refrigerator. (Save the 
receiver for a MeCl rinse). 

e) Elute the column wifh 100 mL MeC12 after rinsing the receiver 2 
or 3 times. Collect the eluate in an Erlenmeyer flask or KD. 

f) If polar analytes are of interest, follow with a second elution 
of 100 mL of MeOH, after rinsing receiver. Collect eluate in 
a separate Erlenmeyer flask. 

6) Combine B/N fraction with acid fraction and KD to 1.0 mL. 

------2-3 em Na SO 2 4 

------10 g Neutral Alumina 

-----Glasswool plug 
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METHOD 3650 

ACID-BASE PARTITION CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 Method 3650 was formally Method 3530 in the second edition.of this 
manual. 

1.2 This is a 11quid-11quid partitioning method 
analytes from base/neutral analytes using pH adjustment. 
cleanup of petroleum waste prior to alumina cleanup. 

Z.O SUMMARY OF METHOD 

to separate acid 
It may be used for 

Z.l The solvent extract is shaken with water that 1s strongly basic. 
The acid analytes partition into the aqueous layer, whereas, the basic ana 
neutral compounds stay 1n the organic solvent. The base/neutral fraction is 
concentrated and is ready for further cleanup, 1f necessary, or analysis. The 
aqueous layer is acidified and extracted with an organic solvent. This 
extract is concentrated and then ready for analysis for the acid analytes. 

3.0 INTERFERENCES 

3.1 A reagent blank should be performed for the compound of interest 
prior to the use of this method. The level of interferences must be below the 
method detection limit before this method is performed on actual samples. 

3.2 More extensive procedures than those outlined in this method may be 
necessary for reagent purification. 

4.0 APPARATUS AND MATERIALS 

4.1 Seaaratorv funnel: 125-mL, with Teflon stopcock. 

4.2 Drying column: 20-mm I.D. Pyrex chromatographic column; with Pyrex 
glass wool at Cottom and a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
may be purchased. Use a small pad of Pyrex glass wool to retain the 
adsorbent. Prewash the glass wool pad with 50 ml of acetone followed by 
50 ml of elution solvent prior to packing the column with adsorbent. 

4.3 Kuderna-Danish (K-0} aaaaratus: 

4.3.1 Concentrator tube: 10-mL, 
equivalent). Ground-glass stopper is 
e·uracu·. 

3650 - l 

graduated (Kontes K5700-l025 or 
used to prevent evaporation of 
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7.2 Add ZO mL of methylene chloride to the separatory funnel. 

7.3 Add ZO mL oLreagent water and adjust the pH to 12-13 with sodium 
hydrtlxide. 

7.4 Seal and shake the separatory 
venting to release excess pressure. 

NOTE: Methylene chloride creates 
therefore, initial venting should 
separatory funnel has been sealed and 

funnel for 1-2 min with periodic 

excessive pressure very rapidly: 
be qone immediately after the 

shaken once. 

7.5 Allow the organic layer to separate from the water phase for a 
minimum of 10 min. If the emulsion interface between layers is more than one
third of the size of the solvent layer, the analyst must ~loy mechanical 
techniques to co~lete the phase separation. The optimum technique depends 
upon the saaple, and may include stirring, filtration of the emulsion thrtlugh 
g 1 ass woo r·,: centri fugat1 on, or other physi ca 1 methods. 

7.6 Separate the aqueous phase and transfer it to a lZS-mL Erlenmeyer 
flask. Repeat the extraction two more times using fresh ZO mL portions of 
reagent water pH 12-13. Combine the aqueous extracts. 

7.7 At this point the analytes will be 1n the organic and/or in the 
aqueous phase. Organic acids and phenols will be in the aqueous phase, 
whereas, base/neutral analytes will be in the organic solvent. If the 
analytes are in the aqueous phase only, discard the organic phase and proceed 
to Paragraph 7.8. If the analytes are in the organic phase, discard the 
aqueous phase and proceed to Paragraph 7.10. 

7.8 Transfer the aqueous phase to a clean separatory funnel. Adjust the 
aqueous layer to a pH of 1-2 with sulfuric acid. Add ZO mL of methylene 
chloride to the separatory funnel and shake for Z min. Allow the solvent to 
separate from the aqueous phase and collect the solvent in an Erlenmeyer 
flask. 

7.9 Add a second ZO mL volume of methylene chloride to the separatory 
funnel and re-extract at pH 1-2 a second time, combining the extracts in the 
Erlenmeyer flask. Perform a third extraction in the same manner. 

7.10 Assemble a Kuderna-Oanish (K-0) concentrator by attaching a 10-mL 
concentrator tuoe to a 500-mL evaporation flask. 

7.11 Dry the extracts by passing them through a drying column containing 
about 10 em of anhydrous sodium sulfate. Collect the dried extract in the K-0 
concentrator. Rinse the Erlenmeyer flask which contained the solvent extract 
and the column with ZO mL of . methylene chloride to complete the quantitative 
transfer. 

7.lz· Add.one or two boiling chips to the flask and attach a three-ball 
macro-Snyder column. Prewet the Snyder column by adding about 1 mL of 
methylene chloride to the top of the column. Place the K-0 apparatus on a hot 

3650 - 3 
Revision 0 
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325-SP-001. -003. -004. -006, -007, -014 

SATELLITE FILES: 
1-119 

RE.liSON FOR REVISION: 

1.0 PURPOSE 

The purpose of this document is to establish guidelines for the preparation, 

quality control, and use of silica gel for cleanup of sample extracts 

containing polynuclear aromatic hydrocarbons. 

2.0 SCOPE AND APPLICABILITY 

2.1 Silica gel is an adsorbent of amorphous silica with weakly acidic 

properties. Silica gel is used for column chromatography and separates 

the analytes of interest from interfering compounds of a different 

polarity. 

2.2 Specific applications: This method includes guidance for cleanup of 

sample extracts containing polynuclear aromatic hydrocarbons. 

3 • 0 SUMMARY OF METHOD 

3.1 The column is packed with the 10 grams of silica gel, topped with 1-2 

em anhyArous sodium sulfate and, and then loaded with the sample to be 

analyzea. Elution of analytes is effected first with hexane, then 2:3 

mixture of methylene chloride and hexane leaving the interfering 

compounds on the column. The second eluate (2:3 mixture) is then 

concentrated. 

/ 

t \~I 
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6.5 Reagent bottle: 500 mL. 
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6.6 Water bath: Heated with concentric ring cover. capable of temperature 

control (+5 degrees). The bath should be used in fume hood. 

6.7 Boiling chips: Pre-extracted. approximately 10/40 mesh Teflon. 

6.8 Erlenmeyer flask: 50-250 mL. 

7. 0 CHEMICALS AND REAGENTS 

7.1 Silica gel: 70-230 mesh (Aldrich Chem. 28. 862-4 or equivalent). 

Extracted with methylene chloride. then activated >16 hours at 130°C. in 

clean loosely covered glass tray. Following activation. the silica gel 

is immediately transferred to a clean. glass. sealable container with a 

Teflon lid liner. 

7.2 Sodium sulfate (ACS): Granular. anhydrous (purified by heating in a 

muffle furnace at 400°C for 4 hours in shallow tray). Following 

purification. the anhydrous sodium sulfate is cooled to approximately 

100°C then immediately transferred into a clean. glass. sealable 

container with a Teflon lid liner. 

7.3 Eluting solvents: Hexane. methylene chloride (pesticide quality or 

equivalent). 

8 • 0 PROCEDURE 

8.1 Perform gravimetric analysis on extract if column cleanup appears to be 

warranted. See SW-846 Method 3611 instructions (oily~aste cleanup with 

alumina) and SOP 325-SP-014 for the gravimetric procedure. Adjust the 

amount of extract aliquot to be cleaned so that the aliquot contains no 

more than 200-300 mg of extractable material. 
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J.) Place glasswool plug in bottom of 2 em column and fill 1/2 way with 
hexane. 

2) Weigh out 10 gm of silica gel into 100 mL beaker and add enough 
hexane to cover the silica gel. Swirl the silica gel and hexane to 
make a slurry. 

:!) Pour slurry into the column, rinsing beaker with hexane to 
effectively transfer all the silica gel into the column. 

4) After the slurry has settled into the column, by tapping gently and 
rinsing, add a 3 em layer of sodium sulfate . 

.5) Elute the column @ 2 mL/min. until the solvent level is just above 
the sulfate level. 

6) Transfer extract to column and rinse receiver with 2 mL hexane. 

7) Elute (2 mL/min.) with 25 re~ hexane and discard. 

8) Elute (2 mL/min.) with 25 mL 2:3 methylene chloride:hexane (10 mL 
15 mL) . 

9) Concentrate by N2 blowdown to 1.0 mL. 

10) Exchange solvent with acetonitrile, final volume 1.0 mL. 

·~~ 
u• • . 

I 
--3 em Na2S04 

--10 gm Silica Gel 

-Glasswool plug )--

ATTACHMENT 1 
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SW-846, Method 8310 and 3630. 

14.0 APPENDICES 

14.1 See Attachment 2, SW-846 Method 3630. 
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~ay ~e ~ur:~ased. Use a sma11 pad of ?yTex glass wool to retain :,e 
aasor:er.:. P~ewash the glass wool pad with 50 mL of acetone foi~owec cy 
50 mL of elution solvent prior to packing the column with adsoroent. 

4.2 Beakers: 500-mL. 

4.3 Kuderna-Oan1sh IK-0) accaratus: 

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 :r 
equivalent). Ground-glass stopper is used to prevent evaporation of 
extracts. 

4.3.2 Evaporation flask: 500-mL (Kontes K-570001·0500 or 
equivalent). Attacn to concentrator tuce with springs. 

4.3.3 Snyder colu.n: 
equivalent). 

4.3.4 Snyder colw.n: 
equivalent). 

4.4 Muffle fu~ace. 

4.5 Reagent bottle: 500-mL. 

Three-ball macro (Kontes K-503000-012: or 

Two-ball micro (Kontes K-569001-021; ~r 

4.6 Water bath: Heated, with concentric ring cover, capable of 
:emcerature control (:5•c). The bath should be used in a hood. 

4,7 Boiling chios: Solvent extracted, approximately 10/40 mesh (si1;c:~ 
:aroide or equivalent). 

4.8 Er1enmever flasks: SO- and 250-mL. 

5.0 REAGENTS 

5.1 Slllca gel: 100/200 mesh desiccant (Davison Chemical grade 923 or 
equivalent). Sefore use, activate for at least 16 hr at 13o•c in a shai~ow 
g1ass tray, loosely covered with foil. 

5.2 Sodium sulfate (ACS): Granular, anhydrous (purified by heating a: 
~oo·c for 4 nr in a snallow tray). 

5.3 Eluting solvents: Cyclohexane, hexane, 2-propanol, toluene, 
~ethylene cnlor1de, pentane (pesticide quality or equivalent). 

5.0 SAMPLE COLLECTION, PRESERVATION, ANO HANDLING 

·S·.l See the 1nt1"'oductory material to this chapter, Organic Ana1y:es, 
Section 4.1. 

3630 - 2 
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Indeno(l,2,3-cd)pyrene 
Napnthalene 
Phenanthrene 
Pyrene 

7.2 Oer~vatized ohenols: 

PROCEDURE NO: 

325-SP-034 

7.2.1 This silica gel cleanup orocedure is performed on samcie 
extracts that nave undergone pentafluorobenzyl bromide derivatization ~s 
described in Metnod 8040. 

7.2.2 Place 4.0 g of activated silica gel into a 10-mm I.O. 
chromatographic column. Tap the column to settle the silica gel and ~do 
aocut 2 g of anhydrous sodium sulfate to the top of the silica gel. 

7.2.3 Preelute the column with 6 mL of hexane. The rate for a11 
elutions should be about 2 mL/min. Discard the eluate and just prior !: 
exposure of the sodium sulfate layer to the air, pipet onto the column 
2 mL of the nexane solution that conta·ins the der1vatiZed sa~1e or 
standard. Elute the column with 10.0 mL of hexane and discard ~~e 
eluate. 

7.2.4 Elute the column, in order, with: 10.0 mL of 15% toluene in 
nexane (Fraction 1): 10.0 mL of 40S toluene in hexane (Fraction 2); 10.0 
mL of 751 toluene in nexane (Fraction 3); and 10.0 mL of 151 2-procano1 
in toluene (Fraction 4). All elution mixtures are prepared on a 
volume:volume basis. Elution patterns for the phenolic derivatives are 
shown in Table l. Fractions may be combined, as desired, depending upon 
the specific phenols of interest or level of interferences. Proceed ~ith 
GC analysis (Method 8040). 

8.0 QUALITY CONTKOL 

8.1 Refer to Chapter One for specific quality control procedu~es ~nd 
~ethod 3600 for cleanup procedures. 

8.2 The analyst shQuld demonstrate that the comcounds of interest are 
=eing quant:tatively recovered before applying this method to actual samo1es. 

8.3 For sa~le extracts that are cleaned up using this method, the 
associated quality control samples must also be processed tnrougn this cleanup 
:net!'lod. 

9.0 MET~OO PERFORMANCE 

9.1 Table l provides performance information on the fractionation of 
~nenolic derivatives using tnis method. 

3630 - 4 
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TABLE l. S!L!CA GEL FRACTIONATION OF PFSB OE~IVAT!VES 

Percent Recovery by Fract~cnl 

Parameter 

2-Chlonlchenol 
2-N1tnlpneno1 
Phenol 
2,4-0imethylphenol 
2,4-01chlonlpheno1 
2,4,6-Trichlonlphenol so 
4-Chlonl-3-methylphenol 
Pentachlonlphenol 75 
4-N1tnlphenol 

Eluant composition: 

Fraction 1-15% toluene in hexane. 
Fraction 2-40% toluene in hexane. 
Fraction 3-75% toluene in hexane. 
Fraction 4-15% 2-propanol in toluene. 

3630 - 6 
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1.0 PURPOSE 

.,.oo7 .,.014 

.~MAT\ON 

The purpose of this document is to establish guidelines for the preparation, 

quality control. and the use of Florisil for cleanup of sample extracts 

containing pesticides and/or PCBs. or for organophosphorous pesticides. 

2.0 SCOPE AND APPLICATION 

2.1 Scope 

This SOP documents guidelines and modifications for extract cleanup by 

sw.,.846. Method 3620. for pesticide/PCB or organophosphorous pesticide 

samples. 

2.2 Applicability 

This SOPs guidelines and modifications are applicable to the Sample 

Preparation Laboratory. 

3 • 0 SUMMARY OF ME'l:HOD 

5 

The columns are packed with 20 grams of Elorisil. topped with 1.,.2 em anhydrous 

sodium sulfate and then loaded with the sample to be analyzed. Elution of 

analytes is effected with ether:hexane. leaving the interfering compounds on .. 
the column. The combined eluates are then concentrated and delivered for 
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6.5 Reagent bottle: 500 mL. 
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6.6 Water bath: heated with concentric ring cover. capable of temperature 

control (+5 degrees). The bath should be used in fume hood. 

6.7 Boiling chips: Pre~extracted. approximately 10/40 mesh Teflon. 

6.8 Erlenmeyer flask: 50·250 mL. 

7 • 0 CHEMICALS AND REAGENTS 

8.0 

7.1 Florisil: pesticide residue (PR) grade (60/100 mesh). Extracted with 

methylene chloride. then activated >16 hours at 130°C. in a loosely covered 

glass tray. Following activation. the Florisil is immediately transferred to 

a clean. sealable container with a Teflon lid liner. 

7.2 Sodium sulfate (ACS): granular. anhydrous (purified by heating in muffle 

furnace or kiln. at 400°C for 4 hours in shallow tray). Following 

purification. the anhydrous sodium sulfate is cooled to approximately 

100°C then immediately transferred into a clean. sealable container with 

Teflon lid liner. 

7.3 Eluting solvents: hexane. diethyl ether (pesticide quality or 

equivalent). Diethyl ether must be free of peroxides as indicated by EM 

Quant test strips. Procedures recommended for removal of peroxides are 

pr~ide~with the test strips. 

PROCEDURE 

8.1 Perform gravimetric analysis on extract if column cleanup appears to be 

warranted. See sw ... 846 Method 3611 instructions (oil~aste cleanup with 

alumina) and SOP 325 ... sP ... 014 for the gravimetric procedure. Adjust the 

amount of extract aliquot to be cleaned so that the aliquot contains no 

more than 200.,.300 mg of extractable material. 
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11.1 New batches of pre-extracted, act! vated florIs II wi I I be qua II ty tested 

before use, by testing a blank sample In the following manner: 

11.1.1 Procedures 8.3, 8.4, 8.5 will be followed with the exception 

that, no sample or spike wll I be transferred to the column. 

11.1.2 Analyze for Total Chromatographlcal Organics via GC/ECD. 

12.0 DOCUMENTATION 

12.1 Preparation of new batches of floris! I wl I I be logged into the Sample 

Preparation REAGENTS NOTEBOOK • 

12.2 A QC number wl I I be assigned and a quality control sample wl I I be 

performed via GC/ECD with results kept In the QC FILE. 

12.3 AI I other documentation wl I I be In accordance with SOPs 325-SP-006, -007. 

13.0 PUBLISHED REFERENCES 

.. . .. 
SW-846, 3rd Edition. 

14.0 APPENDICES 

See Attachment 2 of SW-846, Method 3611. 
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Florisil Column Clean-up for 8080/8140 

1. Make sure that the Florisil has been pre-extracted and baked. 

2. Put a plug of glasswool in the bottom of 2 em column, then fill column 

about 3/4ths full with hexane (about 40 mL). 

3. Add 20 gm of Florisil and settle column bed by tapping gently. 

4. Add layer of sodium sulfate, 1 to 2 em deep, to the top of the column. 

5. Pre-elute with 40 mL of hexane to rinse the sodium sulfate & Florisil. 

6. Elute column until the solvent level is just above the sulfate layer. 

7. Adjust the extract volume to 10 mL, with hexane, and transfer to the 

the column. Rinse receiver two times with 1 mL hexane, add to column. 

8. Required elution fractions are: 

8080 for PCBs - Fractions 1 & 2 

8080 for Pest./PCBs- Fractions 1, 2, & 3 

8140 - Fractions 1, 2, 3, & 4 

9. Prepare batches of ether/hexane consisting of Fraction 1 (6% ether), 

Fraction 2 (15% ether), Fraction 3 (50% ether), and Fraction 4 is 100% 

ether. 

10. Place a 1 L Erlenmeyer flask under the column and lower the extract level 

to just above the sulfate layer. 

11. Begin elution with Fraction 1, 200 mL, at 5 mL/minute. Follow with other 

fractions per 8. DO NOT LET COLUMN BED GO DRY!!! 

12. Collect and combine fraction eluates. Concentrate the eluates to 5.0 mL 

for 8080 or 1.0 mL for 8140. 

20 gm Florisil 

\~~--~vlasswool pluq 
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1.0 SCOPE AND APPLICATION 

ATTACHMENT 2 

METHOD 3620 

FLORISIL COLUMN CLEANUP 

1.1 F1oris11, a registered tradename of the Floridin Co., is a 
magnesium silicate with acidic properties. It is used for general column 
chromatography as a cleanup procedure prior to sample .analysis by gas 
chromatography. 

1.2 General applications: Cleanup of pesticide residues and other 
chlorinated hydrocarbons; the separation of nitrogen compounds from 
hydrocarbons; the separation of aromatic compounds from aliphatic-aromatic 
mixtures; and similar applications for use with fats, oils, and waxes 
(Floridin) •. Additionally, Florisil is considered good for separations with 
steroids, esters, ketones,. glycerides, alkaloids, and some carbohydrates 
(Gordon and Ford). 

1.3 Soecific aoplications: This method includes guidance for cleanup of 
sample extracts containing the following analyte groups: phthalate esters; 
nitrosamines; organochlorine pesticides: nitroaromaties; haloethers; 
chlorinated hydrocarbons; and organophosphorous pesticides. 

2.0 SUMMARY OF METHOD 

2.1 The column is packed with the required adsorbent, topped with a 
water adsorbent, and then loaded with the sample to be analyzed. Elution is 
effected with a suitable solvent(s) leaving the interfering compounds on the 
column. The eluate is then concentrated. 

3.0 INTERFERENCES 

3.1 A reagent blank should be performed for the compounds of interest 
prior to the use of this method. The level of interferences must be below the 
method detection limit before this method is performed on actual samples. 

3.2 More extensive procedures than those outlined in this method may be 
necessary for reagent purification. 

4.0 ·APPARATUS AND MATERIALS 

4.1 Beaker: 500-mL. 

4.2 Chromatograohic column: 300-mm long x 10-mm I.O. or 400-mm long x 
20-mm I.O., to be specified in Paragraph 7.0; with Pyrex glass wool at bottom 
and a Teflon stopcock. 

NOTE: Fritted glass discs are difficult to decontaminate after highly 
contaminated extracts have been passed through. Columns without frits 
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(Florisil from different batches or sources may vary in adsorptive 
capacity. To standardize the amount of Florisil which is used, the use 
of lauric acid va~ue is suggested. The referenced procedure determines 
the adsorption from hexane solution of lauric acid {mg) per g of 
Florisil. The amount of Florisil to be used for each column is 
calculated by dividing 110 by this ratio and multiplying by 20 g 
{Mills).) 

5.2 Sodium sulfate (ACS): Granular, anhydrous (purified by heating at 
4oo·c for 4 hr in a shallow tray). 

5.3 Eluting solvents: 

5.3.1 01ethyl ether: Pesticide quality or equivalent. 

5.3.1.1 Must be free of peroxides as indicated by EM Quant 
t•st strips (available from EM Laboratories Inc., 500 Executive 
Boulevard, Elmsford, NY 10523) • 

5.3.1.2 Procedures recommended for removal of peroxides are 
provided with the test strips. After cleanup, 20 mL ethyl alcohol 
preservative must be added to each liter of ether. 

5.3.2 Acetone; hexane; .ethylene chloride; pentane; petroleum ether 
(boiling range 30-6o•c): Pesticide quality or equivalent. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material to this chapter, Organic Analytes, 
Section 4 .1. 

7.0 PROCEDURE 

7.1 Phthalate esters: 

7.1.1 Reduce the sample extract volume to 2 mL prior to cleanup. 
The extract solvent must be hexane. 

7.1.2 Place 10 g of F1orisi1 into a 10-m I.O. chromatographic. 
column. Tap the column to settle the Florisil and add 1 em of anhydrous 
sodium sulfate to the top. 

7~1.3 .. Preelute the column with 40 ml of hexane. The rate for all 
elutions should be about 2 mL/min. Discard the eluate and, just prior to 
exposure of the sodium sulfate layer to the air, quantitatively transfer 
the 2-ml sample extract onto the column using an additional 2 ml of 
hexane to complete the transfer. Just prior to exposure of the sodium 
sulfate layer to the air, add 40 mL of hexane and continue the elution of 
the column. Discard this hexane eluate. 
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7.3.2 Add a weight of Florisil (nominally 20 g), predetermined by 
calibration, to a 20-mm I.D. chromatographic column. Settle the Florisil 
by tapping the column. Add anhydrous sodium sulfate to the top of the 
Florisil to form a layer 1 to 2 em deep. Add 60 mL of hexane to wet and 
rinse the sodium sulfate and Florisil. Just prior to exposure of the 
sodium sulfate to air, stop the elution of the hexane by closing the 
stopcock on the chromatographic column. Discard the eluate. 

7.3.3 Adjust the sample extract volume- to 10 mL with hexane and 
transfer it from the K-D concentrator tube to the Florisil column. Rinse 
the tube twice with 1-2 mL hexane, adding each rinse to the column. 

7.3.4 Place a 500-mL K-0 flask and clean concentrator tube under 
the chromatographic column. Drain the column into the flask until the 
sodium sulfate layer is nearly exposed. Elute the column with 200 mL of 
61 ethyl ether in hexane (v/v) (Fraction 1) using a drip rate of about 
5 mL/min. All of the haloethers are in this fraction. Remove the K-0 
flask and set aside for later concentration. Elute the column again, 
using 200 mL of 15% ethyl ether in hexane (v/v) (Fraction 2), into a 
second K-0 flask. Perform a third elution using 200 mL of 501 ethyl 
ether in hexane (v/v) (Fraction 3), and a final elution with 200 mL of 
1001 ethyl ether (Fraction 4), into separate K-0 flasks. 

7.3.5 Concentrate the eluates by standard K-D techniques using the 
water bath at about ss•c (7S•c for Fraction 4). Adjust the final volume 
to whatever volume is required (1-10 mL). Analyze by gas chromatography. 

7.4 Nitroaromatics and isophorone: 

7.4.1 Reduce the sample extract volume to 2 mL prior to cleanup. 

7.4.2 Prepare a slurry of 10 g activated Florisil in methylene 
chloride/hexane (1:9) (v/v) and place the Florisil into a 10-mm I.D.· 
chromatographic column. Tap the column to settle the Florisil and add 1 
em of anhydrous sodium sulfate to the top. Adjust the elution rate to 
about 2 ml/mi n. 

7.4.3 Just prior to exposure of the sodium sulfate layer to the 
air, quantitatively transfer the sample extract onto the column using an 
additional 2 mL of hexane to complete the transfer. Just prior to 
exposure of the sodium sulfate layer to the air, add 30 mL of methylene 
chloride/hexane (1:9) (v/v) and continue the elution of the column. 
Discard the eluate. 

7';4.4 ··Next, elute the column with 30 mL of acetone/methylene 
chloride (1:9) (v/v) into a 500-mL K-0 flask equipped with a 10-mL 
concentrator tube. Concentrate the collected fraction, while exchanging 
the solvent to hexane. To exchange the solvent, reduce the elution 
solvent to about 10 mL. Add 50 mL of hexane, a fresh boiling chip, and 
return the reassembled K-0 apparatus to the hot water bath. Adjust the 
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TABLE 2 

DISTRIBUTION OF ORGANOPHOSPHOROUS PESTICIDES 
INTO FLORISIL COLUMN FRACTIONS 

Percent Recovery by Fractiona 

Parameter 1 2 3 4 

Azinophos methyl 20 80 
Bolstar (Sulprofos) NO NO NO NO 
Chlorpyrifos )80 
Coumaphos NR NR NR 
Oemeton 100 
01azinon 100 
Oichlorvos NR NR NR 
Oimethoate NO NO NO NO 
01sulfoton 25-40 
EPN )80 
Ethoprop v v v 
Fensulfoth1on NO NO NO NO 
Fenthion R R 
Malathion 5 95 
Merphos v v v 
Mevinphos NO NO NO NO 
Monochrotophos NO NO NO NO 
Naled NR NR NR 
Parathion 100 
Parathion methyl 100 
Phorate 0-62 
Ronnel )80 
Stirophos (Tetrachlorvinphos) NO NO NO NO 
Sulfotepp v v 
TEPP NO NO NO NO 
Tokuthion (Prothiofos) )80 
Trichloronate )80 

aEluant composition: Fraction 1 - 200 mL of 6S ethyl ether in hexane 
Fraction 2 - 200 mL of 15S ethyl ether 1n hexane 
Fraction 3 - 200 mL of 50% ethyl ether in hexane 
Fraction 4 - 200 mL of 100% ethyl ether 

R • Recovered (no percent recovery information presented) (U.S. FDA). 
NR • Not recovered (U.S. FDA) • 
V • Variable recovery (U.S. FDA). 
NO • ~ot determined. 

SOURCE: U.S. EPA and FDA data • 
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8.3 For sample extracts that are cleaned up using this method, the 
associated quality control samples should also be processed through this 
cleanup method. 

9.0 METHOD PERFORMANCE 

9.1 Table 1 indicates the distribution of chlorinated pesticides, PCB's, 
and haloethers in various Florisil column fractions. 

9.2 Table 2 indicates the distribution of organophosphorous pesticides 
in various Florisil column fractions. 

10.0 REFERENCES 

A Handbook of 
John Wiley & Sons, 

2. Floridin of ITT System, Florisil: Properties, Application, Bibliography, 
Pittsburgh, Pennsylvania, 5M381DW. 

3. Mi11s, P.A., ·variation of Florisil Activity; Simple Method for Measuring 
Absorbent Capacity and its use in Standardizing Florisil Columns," Journal of 
the Association of Official Analytical Chemists, ~. 29, 1968. 

4. U.S. Food and Drug Association, Pesticides Analytical Manual (Volume 1), 
July 1985. 

5. U.S. EPA 40 CFR Part 136, uGuidelines Establishing Test Procedures for the 
Analysis of Pollutants Under the Clean Water Act; Final Rule and Interim Final 
Rule and Proposed Rule,• October 26, 1984. 
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PURPOSE 

This document describes the Radian procedure for polychlorinated 

dibenzodioxin/polychlorinated dibenzofuran (PCDD/PCDF) analysis. 

2.0 SCOPE 

3.0 

This SOP covers calibration. QA/QC. isomer class totals quantitation. 

and toxic isomers quantitation. Most of this SOP is taken from 

SW-846 Method 8280. 

INITIAL CALIBRATION 

For isomer class totals using the J&W DB-5 column. a five-point 

calibration must be performed in triplicate and the average isomer 

class response factor is used for quantitation. The % RSD between 

the three calibration runs must be less than 15% for all analytes. 

The standards used and their concentrations are shown on Table 1. 

The standards must be remade and the calibration reperformed once a 

year. 
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SAMPLE PREPARATION 

I PROCEDURE NO: 
321-MS-011 

After all the daily calibrations are performed, samples may be 
13 analyzed. An amount of c12-1,2,3,4-TCDD equal to the nominal 

surrogate amount is added to each extract. Ten uL of the 

I PAGE: 
3 of 13 

13 c12-1,2,3,4-TCDD internal standard solution will provide 50 ng of 

I.S. More benzene may be added if necessary to dissolve all of the 

residue, but additional solvent will raise the method detection 

limit. Occasionally, an extremely dirty extract will require 

dilution using the PCDD/PCDF surrogate solution as the solvent. 

6.0 IDENTIFICATION OF PCDD/PCDF 

7.0 

Two ions for each internal standard and four from each PCDD/PCDF 

isomer group are monitored for identification and quantitation 

purposes. For positive identification, the relative intensities of 

the two major chlorine isotope cluster ions must agree within !15% 

with those shown on Table 3 of Method 8280 and a COCL loss peak must 

be present. Peak maxima must agree within !2 scans. Our procedure 

calls for three chlorine isotope peaks to be monitored (Method 8280 

calls for two). This third peak, although not required, can be used 

for identification purposes and detection limit calculations and is 

helpful with extremely dirty samples. The loss of COCl must be 

present to positively identify a peak as PCDD or PCDF • 

Quantitation is performed using response factors and isotopic 

dilution. To determine PCDD/PCDF concentrations use the following 
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purpose. This column can resolve 2,3,4,8-TCDF and 2,3,7,8-TCDF to 

about 75% valley. 1,2,3,4,8-PeCDF and 1,2,3,7,8-PeCDF coelute on 

this column, however. If desired, these two PeCDFs can be resolved 

on DB-5. The SP-2331 column is only partially cross-linked, and 

special precautions must be taken: samples must be taken up in 

dodecane, do not temperature program the column past 275°C, do not 

heat or cool the column more than 20°C/min. and always use a one 

meter deactivated fused silica guard column. 

With the Supelco SP-2331, a single-point calibration is used for 

toxic isomers quantitation. A standard solution in dodecane 

containing our usual surrogates and all of the toxic isomers is used 

to generate relative retention times and response factors. 

A retention time standard in dodecane is used to determine isomer 

group windows on the SP-2331 column. Since we are not looking for 

all PCDD/PCDFs, however, the toxic isomers standard can be used to 

define the SIM retention time windows. 

10.0 QA/QC 

Due to the sensitive nature of PCDD/PCDF results, all QA/QC 

procedures must be thoroughly followed and documented. Before 

beginning any work, the mass spectrometer tune and mass assignments 

must be verified between 198-443 amu by DFTPP injection. For each 

project, the daily response factor calibration check (Figure 1), the 

retention.time window analysis (Figure 2), the chromatography check, 

and the surrogate response factor determination (Figure 3) should be 

documented and filed with the master file. 
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-========================z============================================================= 
Sppe 2.Sppe 1ppe O.Sppe 0.2ppa 
std. std. std. std. std. 

13C-2378 TCDD 1 ppa 1 ppm 1ppa 1ppm 1ppm 
l3C-2378 TCDF 1ppm 1 ppa 1ppm 1ppm 1ppa 
13C-12378 PeCDD 1ppm 1 ppm 1 ppm. 1ppa 1ppm 
13-12378 PeCDl!' 1 ppm. 1ppa 1ppm. 1ppa 1ppm 
13C-123678 HzCDD 1 ppm lppta 1ppm 1ppll 1ppm 
13C-123478 HxCDl!' 1ppm 1ppm 1ppm 1ppm 1ppa 
13C-1234678 HpCDD 1ppm. 1ppm 1 ppm lppm 1ppm 
13C-1234678 HpCDl!' 1ppm 1ppm 1ppm 1ppm 1ppm 
13C-OCDD 1 pplll 1pplll 1ppm 1ppm 1ppm 
13C-OCD1!' 1ppm 1ppm 1ppa 1ppm 1pp111 
2378 TCDD 5ppa 2.5ppm 1ppa 0.5ppa 0.2ppa 
12378 PeCDD 5ppa 2. 5pplll 1ppa 0.5ppm 0.2ppa 
12347 PeCDD 5ppa 2.5ppm 1ppm O.Sppa 0.2pp111 
123478 HxCDD Sppm 2.5ppe 1ppm O.Sppm 0.2ppa 
123678 HxCDD 5ppm 2.5ppm 1ppa 0. Sppm 0.2ppa 
123789 HxCDD Sppa~ 2.5ppll 1pplll O.Sppe 0.2ppa 
1234578 HpCDD Sppm 2. Sppm 1ppm O.Sppa 0. 2ppa 
2378 TCDl!' Sppe 2.5ppe lppm O.Sppm 0.2ppa 
12378 PeCDl!' Spplll 2.5ppm 1ppm O.Sppe 0.2ppa 
23478 PeCDl 5ppa 2.5ppa lppa O.Sppm 0.2ppm 
123478 HxCDl!' Sppm. 2.5ppm 1ppm O.Sppa 0.2ppe 
123678 HxCDl!' Sppm. 2.5ppm 1ppa O.Sppa 0.2ppe 
123789 HxCDl!' Sppm. 2.5ppm 1ppa O.Sppe 0.2ppe 
234678 HxCDF Sppe 2.5ppm 1ppa O.Sppa 0.2ppe 
1234678 HpCDF Sppa 2.5ppa 1ppa O.Sppa 0.2ppm 
1234789 HpCDF 5ppm 2.5ppe 1ppa O.Sppa 0.2ppa 
OCDD 5ppm. 2.5ppm 1ppm O.Sppa 0.2ppe 
OCDF 5ppa 2.5ppm 1pp111 O.Sppaa 0.2ppaa 

======================================================================================= 
Solvent: Benzene/Nonane 
Final Concentration aa indicated in table 
Preparecl 5/87 MDIV SJC 
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FIGURE 3 
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PCDD/PCDF SURROGATE RESPONSE FACTORS 

Retention 
Time 

FRN: ___ _ 

Relative 
Response 

~ 13 
C12-1,2,3,4-TCDD (I.S.) 

13c12-2,3,7,8-TCDD 

13 c12-2,3,7,8-TCDF 
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FIGURE S 

TOXIC ISOMERS QA/QC SUMMARY SHEET 

Retention 
Time RRT 

* Coelutes with 1,2,3,4,8-PeCDF on SP-2331. 

** Coelutes with 1,2,3,4,7,9-HxCDF on SP-2331. 
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1.0 SCOPE AND APPLICATION 

Thallium in solution may be readily determined by atomic absorption spectros
copy. The method is simple, rapid, and applicable to a large number of metals 
in drinking, surface, and saline waters, and domestic and industrial wastes. 
While drinking waters free of particulate matter may be analyzed directly, 
domestic and industrial wastes require digesting to solubilize suspended 
material. Sludges, sediments and other solid type samples may also be 
analyzed after proper digestion. Thallium may also be analyzed by hydride AA 
or ICP. Detection limits and matrices are considerations when choosing the 
best method for analyzing the sample. 

2.0 SUMMARY OF METHOD 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the 
graphite tube in the furnace, evaporated to dryness, charred, and atomized. 
The principle is essentially the same as with direct aspiration atomic 
absorption except a furnace, rather than a flame, is used to atomize the 
sample. Radiation from a given excited element is passed through the vapor 
containing ground state atoms of that element. The intensity of the trans
mitted radiation decreases in proportion to the amount of the ground state 

"'' element in the vapor. Because the tube area is small, the vaporized atoms are 
more concentrated allowing for lower limits of detection. 

,.,. 

3. 0 INTERFERENCES 

3.1 This technique is subject to chemical and matrix interferences. The 
composition of the sample matrix can have a major effect on the analysis. 
Th~~ effects must be taken into consideration in the analysis of each 
different matrix encountered. Known chemical interferences are hydro
chloric acid or excessive chloride concentrations. 

3.2 Nitric acid is preferable for any digestion or solubilization step. If 
another acid is required in addition to HNO , a minimum amount should be 
used. This applies particularly to hydrochloric and, to a lesser extent, 
to sulfuric and phosphoric acids. 
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6. 0 CALIBRATION PROCEDURES 

6.1 Calibration standards are analyzed beginning with the blank and proceed
ing to the highest standard. Each is analyzed in duplicate. Linear 
regression is used to define the calibration curve. The regression line 
is constructed using concentration as the X-value and mean response as 
the Y-variable. The blank is included as X=O. 

6.2 The correlation coefficient of the standard curve must be >0.995 for the 
analysis to continue. If not, the analyst will correct the problem, 
remaking standards as necessary before the analysis will continue. 

7.0 QUALITY CONTROL 

7.1 This is Radian's standard quality control protocol. In the areas of QC 
check samples, duplicates, and spikes, it meets or exceeds the require
ments set forth in SW-846, 3rd Ed. Method 7740. 

7.2 Quality Control Check Samples 

In addition to calibration standards, quality control (QC) check samples 
are to be analyzed initially to verify the calibration curve and at a 
frequency of one in ten throughout the analysis. If the QC recovery is 
within acceptable limits (90-110%), the analysis may proceed. If any QC 
sample falls outside these limits, the analysis must be stopped and any 
of the following performed to bring the standard into control: 

• Check instrument operating parameters (e.g •• gas pressure), 
• Recalibration, 
• Re-make of QC standard, or 
• Check with lab supervisor. 

After the problem is addressed, analyses may commence, including all 
samples analyzed since the last acceptable QC standard. 

7.3 Duplicates 

Duplicat~s are to be performed at a rate of one in ten samples. A dupli
cate. is Aefined as a sample which is split and treated as two independent 
samples and carried throughout the entire protocol (digestion, interfer
ence modifier solution, analysis). Duplicates should agree within 20 
percent. 

RPD = S-D 
M x 100 where S = sample 

D = duplicate result 
M = mean 

If this is not the case, analyses must be terminated and the problem 
identified and corrected. 
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9.1 Each instrument has a corresponding log book requesting pertinent infor
mation relevant to the analysis to be performed. This log book must be 
filled out prior to completion of analysis to document standard 
conditions and response of the instrument. 

9.2 The instrument maintenance log provides information regarding any 
maintenance performed before, during, or after the analysis. 

9.3 The analysis and QC summary sheet should be filled out completely 
following instruction provided on each bench sheet. 

9.4 All entries must be in black ink with corrections made by making one 
horizontal mark through the incorrect data and the correct data placed 
beside it. The correction is to be dated and initialed. 

9.5 When using AA bench, the analyst will make hard copies of the AA bench 
equivalent of the analysis bench sheet and the QC summary sheet. 
Instructions for preparing the documents are in the AA Bench Users Guide. 

10.0 SAFETY 

10.1 Safety glasses and laboratory coat must be worn to prevent accidental 
injury due to the corrosivity of some of the reagents. 

10.2 Because standards and samples contain nitric acid, they must be disposed 
of in the safety containers located in the lab. 

lCl 
a; 
1'-
N 
r-:. 
CX) 

r-:. 
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SCOPE AND APPLICATION 
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Arsenic in solution may be readily determined by atomic absorption spectros
copy. The method is simple, rapid, and applicable to a large number of metals 
in drinking, surface, and saline waters, and domestic and industrial wastes. 
While drinking waters free of particulate matter may be analyzed directly, 
domestic and industrial wastes require digesting to solubilize suspended 
material. Sludges, sediments and other solid type samples may also be 
analyzed after proper digestion. Arsenic may also be analyzed by hydride AA 
or ICP. Detection limits and matrices are considerations when choosing the 
best method for analyzing the sample. 

SUMMARY OF METHOD 

When using the furnace technique in conjunction with an atomic absorption 
spectrophotometer, a representative aliquot of a sample is placed in the 
graphite tube in the furnace, evaporated to dryness, charred, and atomized. 
The principle is essentially the same as with direct aspiration atomic 
absorption except a furnace, rather than a flame, is used to atomize the 
sample. Radiation from a given excited element is passed through the vapor 
containing ground state atoms of that element. The intensity of the trans·
mitted radiation decreases in proportion to the amount of the ground state 
element in the vapor. Because the tube area is small, the vaporized atoms are 
more concentrated allowing for lower limits of detection. 

3. 0 INTERFERENCES 

3.1 This technique is subject to chemical and matrix interferences. The 
composition of the sample matrix can have a major effect on the analysis. 
These ef.fects must be taken into consideration in the analysis of each 
different matrix encountered. Known chemical interferences are chlorides 
(>800 ppm) and sulphates (>200 ppm). 

3.2 Nitric acid is preferable for any digestion or solubilization step. If 
another acid is required in addition to HNO , a minimum amount should be 
used. This applies particularly to hydrochforic and, to a lesser extent, 
to sulfuric and phosphoric acids • 
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Dilute 1 mL of 1000 ppm stock to 1 L with deionized water containing 1% 
HN0

3
. Dilute 0, 2, 4, 6 mL of this intermediate solution to 100 mL with 

deionized water. This will prepare 0, 20, 40, and 60 ppb standards for 
use in the calibration procedure below. 

6. 0 CALIBRATION PROCEDURES 

6.1 Calibration standards are analyzed beginning with the blank and proceed
ing to the highest standard. Each is analyzed in duplicate. Linear 
regression is used to define the calibration curve. The regression line 
is constructed using concentration as the X-value and mean response as 
the Y-variable. The blank is included as X=O. 

6.2 The correlation coefficient of the standard curve must be >0.995 for the 
analysis to continue. If not, the analyst will correct the problem, 
remaking standards as necessary before the analysis will continue. 

7.0 QUALITY CONTROL 

7.1 This is Radian's standard quality control protocol. In the areas of QC 
check samples, duplicates, and spikes, it meets or exceeds the require-· 
ments set forth in SW-846, 3rd Ed. Method 7740. 

7.2 Quality Control Check Samples 

In addition to calibration standards, quality control (QC) check samples 
are to be analyzed initially to verify the calibration curve and at a 
frequency of one in ten throughout the analysis. If the QC recovery is 
within acceptable limits (90-110%). the analysis may proceed. If any QC 
sample falls outside these limits. the analysis must be stopped and any 
of the following performed to bring the standard into control: 

• Check instrument operating parameters (e.g., gas pressure), 
• Recalibration. 
• Re-make of QC standard. or 
• ffheck with lab supervisor. 

After the problem is addressed. analyses may commence. including all 
~, samples analyzed since the last acceptable QC standard. 

7.3 Duplicates 

Duplicates are to be performed at a rate of one in ten samples. A dupli
cate is defined as a sample which is split and treated as two independent 
samples and carried throughout the entire protocol (digestion, interfer
ence modifier solution. analysis). Duplicates should agree within 20 
percent. 
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9.0 REPORTING 

Reporting requirements include: 

• Instrument usage log. 
• Instrument maintenance log. 
• Analysis bench sheet, 
• QC summary sheet. 
• Print out, and 
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9.1 Each instrument has a corresponding log book requesting pertinent infor
mation relevant to the analysis to be performed. This log book must be 
filled out prior to completion of analysis to document standard 
conditions and response of the instrument. 

9.2 The instrument maintenance log provides information regarding any 
maintenance performed before. during. or after the analysis. 

9.3 The analysis and QC summary sheet should be filled out completely 
following instruction provided on each bench sheet. 

9.4 All entries must be in black ink with corrections made by making one 
horizontal mark through the incorrect data and the correct data placed 
beside it. The correction is to be dated and initialed. 

9.5 When using AA bench. the analyst will make hard copies of the AA bench 
equivalent of the analysis bench sheet and the QC summary sheet. 
Instructions for preparing the documents are in the AA Bench Users Guide. 

10.0 SAFETY 

10.1 Safety glasses and laboratory coat must be worn to prevent accidental 
injury due to the corrosivity of some of the reagents. 

10.2 Because standards and samples contain nitric acid. they must be disposed 
of in the safety containers located in the lab. 


