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Standard Operating Procedure:  
Sample Collection for Treatability Tests 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for Sample Collection for Treatability Tests.  
Sampling locations are discussed in the Treatability Studies Work Plan (TS Work Plan) (Blasland, Bouck & 
Lee, Inc. [BBL], 2003).  Samples will include sediment samples in quantities ranging from 40 gallons (170 L) to 
100 gallons (360 L), and 2,200 gallons (8,400 L) of water. 
 
Surface water samples will be collected from throughout the treatability studies program on an as-needed basis 
for each test.  The water sampling station will be located at River Mile 187.5.  Composite sediment samples will 
be prepared from sediments at locations designated S1, S2, S3, and S4.  These locations are shown on figures 4 
through 10, included in the TS Work Plan. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) (BBL, 

2003); 

• Sampling containers for aqueous samples; 

• GPS locator; 

• Sampling pump (optional); 

• Vibra-coring device; 

• 3-inch (outside diameter [o.d.]) by 60-inch aluminum coring tubes; and 

• Field notebook. 
 
III. Health and Safety Considerations 
 
Refer to the Revised HASP (BBL, 2003). 
 
IV. Sample Collection for Treatability Tests Procedure 
 
Eight general sampling sites are discussed in the TS Work Plan.  Discrete cores will be collected within each 
sampling site over an area of approximately one-quarter acre (this area would be approximately equivalent to the 
area covered by a mechanical dredge filling one barge).  Record general weather conditions relevant to sample 
integrity. 
 
Sample collection procedures for water samples are described below: 
 
Surface water samples will be collected from the Thompson Island sampling station located at River Mile  
187.5, approximately one foot below the water surface.  It is not anticipated that surface water will be collected 
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in conjunction with the baseline monitoring activities.  Water samples will be collected throughout the 
treatability studies program on an as-needed basis for each test, to avoid difficulties associated with shipment 
and storage of large volumes of water.  During performance of the column studies, it is anticipated that 
approximately 185 gallons (700 L) will be required weekly for three weeks.  For other studies, it is anticipated 
that less than 50 gallons (180 L). of water will be required weekly. 
 
 
Sample collection procedures for sediment samples are described below: 
 
1. Obtain target composite sample size from the TS Work Plan for the 1/4-acre Treatability Studies sample 

location.  Calculate target subsample sizes and number of coring tubes per subsample. 
 
2. After the vessel is positioned for subsampling, take GPS location readings.  Then proceed with sampling. 
 
3. Obtain subsamples by vibracoring following the SOP for Sediment Core Collection in Appendix 1 of the 

SSAP QAPP (QEA and ESI, 2002.).  Record number of subsamples taken from each position.  Chill to 4oC.  
BBL will provide the core depth to be sampled at each location.  It is expected that core depths will be 10 
feet or less. 

 
4. Label each core and process for shipment to treatability studies processing laboratory. 
 
Repeat subsampling until all compositing locations are complete.  Then move to the next 1/4-acre sampling 
location and complete all subsampling.  Continue until all eight 1/4-acre samples are completed.  Record any 
deviations from this SOP during sampling. 
 
Sample Homogenization Procedures: 
 
1. Place sediments to be homogenized in an appropriately sized, decontaminated, mixing device, such as a 

cement mixer. 
 
2. Mix for at least 10 minutes, until sediments are combined to a uniform consistency with no unmixed 

agglomerations of sediment visible. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
 
QEA and ESI. 2002. Sediment Sampling and Analysis Program - Quality Assurance Project Plan (SSAP-
QAPP). Hudson River PCBs Superfund Site. Prepared for General Electric Company, Albany, NY. 
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Standard Operating Procedure:  
Dredged Material Slurry Simulations 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for preparing Dredged Material Slurry 
Simulations for use in treatability studies, as described in the Treatability Studies Work Plan  (TS Work Plan) 
(Blasland, Bouck & Lee, Inc. [BBL], 2003).  Composite samples or subsamples are delivered to the treatability 
testing laboratory from the sampling team.  Samples are refrigerated (4 degrees C) until preparation of Dredged 
Material Slurry Simulations. 
 
Samples include water samples and sediment samples in quantities ranging from 8 gallons (31 L) to 550 gallons 
(2100 L).  Water samples will be obtained from the Thompson Island sampling station located at river mile 
(RM) 187.5 on an as-needed basis during the treatability studies.  Composite sediment samples will be prepared 
from sediment subsamples at locations designated S1, S2, S3, and S4. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) 

(Blasland, Bouck & Lee, Inc. [BBL], 2003); 

• Clean sample containers (8 to 100 gal [31 to 375 L]); 

• Variable-speed mixers and motors, as needed to prepare composite samples and dredged material slurry 

simulations; and 

• Laboratory notebook. 
 
III. Health and Safety Considerations 
 
Refer to Revised HASP (BBL, 2003). 
 
IV. Preparation of Dredged Material Slurry Simulations Procedure 
 
Twelve (12) Dredged Material Slurry Simulations are described in the TS Work Plan.  These are to be prepared 
from four sediment categories to evaluate the range of sediment properties which must be accommodated by the 
material handling and treatment facilities.  These are designated: 
 
• S1 = Coarse-grained sediment (assumed to have relatively low PCB concentrations); 
• S2 = Mixture of coarse- and fine-grained sediment (assumed to have moderate PCB concentrations); 
• S3 = Fine-grained sediment (assumed to have relatively high PCB concentrations); and 
• S4 = Fine-grained sediment with oils (assumed to have the highest PCB concentrations). 
 
Water sample composites are to be acquired from a designated location which is routinely monitored by GE; 
water from this location will be designated as Water Monitoring Site Composite (WMSC). 
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Dredged material slurry simulations will be prepared by mixing sediment samples with varying quantities of 
river water to simulate three dredging conditions (one simulation of mechanical dredging, one simulation of 
mechanically-dredged material transported hydraulically, and one simulation of hydraulic dredging), and 
designated as follows: 
 
• M1 =  sediment to water ratio of 80:20 (volumetric proportions) to simulate mechanically-dredged material 

with typical amount of entrained water; 
• H1 = sediment solids to water ratio of 25:75 (weight proportions) to simulate high-solids content 

mechanically-dredged material transported hydraulically; and 
• H2 = sediment solids to water ratio of 5:95 (weight proportions) to simulate typical-solids content 

hydraulically-dredged material. 
 
These three dredged material slurry simulations will be prepared for each of the sediment environment 
conditions, producing dredged material slurry simulations designated as: 
 
• M1S1, H1S1, and H2S1 will be prepared from Sediment S1 and Hudson River WMSC; 
• M1S2, H1S2, and H2S2 will be prepared from Sediment S2 and Hudson River WMSC; 
• M1S3, H1S3, and H2S3 will be prepared from Sediment S3 and Hudson River WMSC; and 
• M1S4, H1S4, and H2S4 will be prepared from Sediment S4 and Hudson River WMSC. 
 
Sediment and water quantities required are listed on lines associated with DQO 1a. and DQO 1b. on Table 2 in 
the TS Work Plan.  Prepare the following mixtures (note the precise weights of the sediment samples being used 
for these mixtures are a function of the water content of the samples and will be developed after the collection 
and compositing process is complete): 
 
10 L of M1S1 from 8 L of S1 and 2 L of WMSC; 
543 Kg of H1S1 from 136 Kg of S1 and 407 Kg of WMSC; and 
775 Kg of H2S1 from 39 Kg of S1 and 736 Kg of WMSC. 
 
10 L of M1S2 from 8 L of S2 and 2 L of WMSC; 
115 Kg of H1S2 from 29 Kg of S2 and 86 Kg of WMSC; and 
561 Kg of H2S2 from 28 Kg of S2 and 533 Kg of WMSC. 
 
10 L of M1S3 from 8 L of S3 and 2 L of WMSC; 
656 Kg of H1S3 from 164 Kg of S3 and 492 Kg of WMSC; and 
675 Kg of H2S3 from 34 Kg of S3 and 641 Kg of WMSC. 
 
10 L of M1S4 from 8 L of S4 and 2 L of WMSC; 
608 Kg of H1S4 from 152 Kg of S4 and 456 Kg of WMSC; and 
659 Kg of H2S4 from 33 Kg of S4 and 626 Kg of WMSC. 
 
The appropriate volumes of sediment and water should be placed in an appropriately-sized glass-lined container 
and mixed for five minutes with a laboratory mixer.  The slurry should be mixed to a uniform consistency, with 
no unmixed agglomerations of sediment visible. 
 
Note that prior to use of M1 slurries in treatability tests the sample will be allowed to settle for 30 minutes and 
the free liquid at the top of the sample will be decanted and discarded, a step designed to simulate the settling 
that will occur during barge transport of mechanically dredged material.  Slurry simulations H1 and H2 will be 
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remixed prior to any use with no settling or decanting of water allowed prior to use in subsequent treatability 
tests. 
 
Label each container with mixture designation and preparation date of mixture.  Keep mixtures refrigerated at 4 
degrees C until used in treatability studies. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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1 Introduction 

The problem of sediment resuspension during dredging has been examined 
as part of the Corps of Engineers (CE) Improvement of Operations and 
Maintenance Techniques (IOMT) Research Program. Sediment resuspension, 
as measured by suspended solids concentration, has been assessed for various 
dredge types operating under a variety of conditions. Suspended solids con- 
centrations varied widely-from 10 to 900 mg/Gat distances from 100 to 
400 ft from the dredge (Hayes 1987). Resuspended sediment particles have 
the potential to release contaminants to the water column. The extent of con- 
taminant release depends on many factors: the characteristics of the particles, 
the type of contaminants sorbed, the chemistry of the water, and type of 
dredgehead. 

Previous IOMT research has focused attention on the application of a stan- 
dard laboratory test, known as the standard elutriate test (SET) that is intended 
to predict the release of contaminants from dredged materials at the point of 
disposal. This research investigates modifications to the SET as well as an 
equilibrium partitioning model to predict contaminant release at the point of 
dredging. Previous modifications to the SET for predicting contaminant 
release from confined disposal facilities (CDF) have proven successful 
(Palermo 1986). The approach builds on the experience of the U.S. Army 
Engineer Waterways Experiment Station (WES) with both the standard and 
modified elutriate tests, the former designed to predict the impact of dredged 
materials in open-water disposal (Lee et al. 1975) and the latter the impact in 
confined disposal areas (Palermo and Thackston 1988b, 1988c). Subsequent 
work was done using the SET for application to the point of dredging 
(Ludwig, Sherrard, and Amende 1989) and summarized in Technical Note 
EEDP-09-3 (Havis 1988). 

The major difference in point-of-dredging and point-of-disposal applications 
of the elutriate test is the total suspended solids (TSS) concentrations, resulting 
from the applications. The solids-water (SW) ratio used in the elutriate test 
should reflect the disparity in these concentrations. The SW ratio can influ- 
ence the distribution of contaminant between soluble and sorbed phases, i.e., 
the partitioning. At the point of disposal, the concentration of solids in the 
slurry can be estimated fairly well. However at the point of dredging, TSS 
concentrations in the plume depend upon many variables including the type of 
dredgehead being used and other characteristics of the dredging operation. 
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The maximum TSS concentration (mass of dry solids/volume of water) at the 
point of dredging is usually less than 10,OOtJ mg/e, which translates roughly 
to a solids-to-water volume ratio of 1:250 (assuming the density of solids to 
be 2.5 g/cm3) instead of the 1:4 sediment-to-water volume ratio recommended 
in the SET; this solids concentration is also far less than used in the modified 
elutriate test (typical solids concentration is 150,000 mg/1 or a solids-water 
ratio of 1: 17). Another important aspect of an el~riate test is characterization 
of the resuspended solids. Very little has been reported thus far on their size 
distribution and settling properties. 

Objectives 

The objectives of this research were as follows: 

a. 

b. 

c. 

d. 

Use the modified elutriate test as a starting point for development of a 
dredging elutriate test (DBET). Consider the effects of solids concen- 
tration, aeration time, and settling time on contaminant concentrations 
(soluble and particulate) in the water. Compare results to field data 
collected by the CE at the New Bedford Harbor dredging site accord- 
ing to a standard, well-defined protocol. 

Develop a DRET that can assist in accounting for the effect of different 
dredgeheads on contaminant release and of different dredge site 
characteristics. 

Examine the application of a simple, equilibrium partitioning model as 
an alternative to a DRET. 

Investigate the characteristics of the suspended particles produced in 
the DRET using particle size distribution analysis and settling rates. 

Background 

The SET is a simple, batch laboratory experiment developed in the 1970s 
in which sediment and water are contacted under specific conditions. The 
purpose of the SET was to compare the release of chemical constituents result- 
ing from this batch test with that measured during open-water disposal opera- 
tions. In the SET procedure, 20 percent (by volume) of undisturbed sediment 
from the dredging site is added to water from the dredging site yielding a 
1:4 sediment/water ratio. The combined sample is mixed by mechanical shak- 
ing for 30 min while being aerated with compressed air. After settling for 
1 hr, a sample is withdrawn from the supernatant. The SET defined the con- 
taminant release as the soluble fraction of contaminants found in the superna- 
tant after a prescribed settling time. The SET was found by Jones and Lee 
(1978) to be a conservative predictor of contaminant release observed in field 
conditions. 

2 
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The SET procedure was later modified by Palermo and Thacbton (1988a) 
to predict release of contaminants during disposal into a CDF. The 
sediment:water ratio and mixing conditions were changed to reflect those 
found in CDF disposal operations and both the dissolved (C&) and total 
(Ctotol) contaminant remaining in the supematant were measured. Palermo and 
Thackston defined the contaminant fraction associated with suspended solids, 
F,, in milligrams/kilogram as: 

where [TSSJ is the total suspended solids concentration (both the contan&nt 
and TSS concentrations are expressed in milligrams/liter). The total concen- 
tration (CT) of contaminant for the field situation is calculated by: 

CT = Edss + FsJSSf 
1 x 106 

where TSS , the final total suspended solids concentration, is estimated by a 
settling co umn (8-in diam) test, independent of the modified elutriate test f 
WET). 

The following laboratory procedure was adopted by Palermo and 
Thackston (1988a) for the MET: 3.75-e sample size, consisting of the average 
field influent concentration of dredged solids, or 150 g/P if no data are avail- 
able; aeration for 1 hr; and settling for up to 24 hr. These conditions were 
decided upon by Palermo and Thackston after they performed two factorial 
experiments. In the first, they investigated two levels of slurry concentration 
(50 and 150 g/P), aeration (1 hr) versus mixing without aeration, and two 
levels of settling time (6 and 24 hr). The second factorial experiment pro- 
vided more detail using four levels of aeration time (0, 1, 3, and 6 hr) and 
four levels of settling time (from 3 to 96 hr). While a comparison of the 
MET with field data (Palermo and Thackston 1988b) was encouraging (within 
a factor of two agreement for 23 out of 34 values of total pollutant concentra- 
tion), the results were considered preliminary. 

Palermo and Thackston (1988b) discussed mainly the total concentration of 
contaminants, although they presented data for the dissolved concentration and 
the suspended fraction (miligrams/kilograms TSS). While not stated specif- 
ically, inspection of the data suggests that most of each important contaminant 
remained associated with particles during elutriate tests and in field samples. 

The measurements of settling in an 8-in column and in the field are given 
in Table 1 (Palermo and Thackston 1988c). Two observations from Table 1 
are possible. First, despite the large initial slurry concentration (57 to 
152 g/P), the final TSS in the settling test was very low (10 to 85 mg/!). 

Chapter 1 Introduction 
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This suggests that most of the suspended material for marine sediments settles 
fairly rapidly (within 24 hr) leaving behind very small particles. In fact, the 
companion paper by Palermo and Thackston (1988b) showed that TSS 
declined very sharply during the first 24 hr, and furthermore that about 
90 percent of these supernatant sediment particles were less than 10 pm in 
diameter. The second observation is that the settling test usually produced 
lower TSS than measured in the field. Palermo and Thackston applied a 
settling efficiency adjustment factor (1.5 to 2.0) to account for nonquiescent 
conditions in the field. 

To date, only the SET has been used to predict contaminant concentrations 
at the point of dredging; in this test, the solids to water ratio is fixed at 1:4 by 
volume. Ludwig, Sherrard, and Amende (1989) obtained field data from four ’ 
sites: Black Rock Harbor near Bridgeport, CT; the Calumet River in Chicago, 
IL; the Duwamish Waterway in Seattle, WA; and the James River near 
Jamestown, VA. Concentrations of various contaminants on predredged sedi- 
ments were not reported. A comparison of soluble contaminant concentrations 
from field samples with those from replicate SETS revealed that 74 percent of 
the chemical constituent measurements (a total of 38) were within one order 
of magnitude. The remaining 26 percent of the comparisons showed that the 
SET overestimated the expected release, i.e., the SET is a conservative indica- 
tor of release. Despite the relative success of the SET, recommendations were 
to modify the SET to (a) include predictions of both the dissolved and 
particulate-associated contaminant concentrations (only the dissolved was 
examined); (b) account for dredge types; and (c) use a solids/liquids ratio and 
aeration time that better represents field conditions so as to reduce the tend- 
ency to overestimate release of soluble contaminants. 
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2 Methods 

Dredging Elutriate Test (DRET) 

Figure 1 depicts the major elements of the DRET for which a protocol was 
sought. The development of a DBET began with selection of the experimental 
variables to be investigated, these being based on the work of Palermo (1986). 
The tests were conducted in 4-f graduated cylinders equipped with a magnetic 
stir bar for mixing and a diffuser for aeration. Air was bubbled through the 
solution at a flow rate of 0.5 ft3/hr (0.24elmin). Water and sediment repre- 
sentative of predredged conditions were obtained from a field site at New Bed- 
ford Harbor to conduct the test. These were added to a graduated cylinder to 
give the desired initial suspended solids concentration to begin the DBET. 

The three variables are initial solids concentration, aeration time, and set- 
tling time. While Palermo (1986) recommended 150 g/f? TSS as the initial 
concentration for the MET as appropriate for CDF effluent quality prediction, 
field data (Havis 1987) at the point of dredging indicated that solids concentra- 
tion for resuspension because of dredging was much lower. In order to cover 
the range of interest and to determine the effect on final concentration of con- 
taminants after settling, four different initial solids concentrations were tested: 
0.5, 1, 5, and 10 g/L 

An aeration time of 1 hr was used by Palermo (1986). At the point of 
dredging, aeration time simulates the time that sediment is vigorously resus- 
pended by the dredgehead to allow for oxidation and mass transfer of contami- 
nants. In developing the DBET, a comparison was included of 1 and 6 hr of 
aeration time. ’ 

Settling time at a CDF has specific meaning because the configuration of 
the site allows for a calculation of the time particles are suspended and able to 
release contaminants. In contrast, settling time at the point of dredging is 
open-ended because once resuspended, the sediment particles may be trans- 
ported away while desorbing contaminants. A nominal settling time (under 
quiescent conditions) of 1 hr was selected for initial testing; however, other 
experiments were done to determine the change in TSS with settling time from 
0.5 to 24 hr as well as some investigation of the rate of desorption of 
polychlorinated biphenyls (PCB). 

Chapter 2 Methods 
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4 Mix Sediment and Wetor to Qive 

--71 Conoentntlon of 1, 5, and 10 g/L 

Aerate In 4 L Graduate 
Cylinder for 1 h and 6 h 

Settle for 1 h 

Chomloal Analyolo 
for UntIltend 

(PCB., Cu, Pb, Cd) 

Figure 1. Steps in development of DRET protocol 

A siphon was used to remove 3 Q of solution above the settled material 
from the cylinder for analyses of PCB and metals (Cu, Cd, and Pb). Two 
1-P samples were required for analysis of soluble and suspended PCB. The 
remahkg 1-P sample was used for analysis of metals (both soluble and sus- 
pended), TSS, and particle size distribution (PSD). Based on preliminary 
DRETs, it became clear that the cant aminants and nature of TSS remaining in 
the water were very important because most of the contaminants were sorbed 
rather than soluble. 
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A series of DRETs was conducted to determine the effect of initial TSS, 
aeration time, and settling time on final suspended solids and the PSD. For 
these tests, artificial seawater was prepared by mixing Instant Ocean (commer- 
cial name) with distilled water. Four initial TSS concentrations (0.5, 1, 5, 
and 10 g/e) were tested using four aeration times (1, 3, 6, and 12 hr) and four 
settling times (1, 6, 12, and 24 hr). The objective of these DRETs was to 
determine if final TSS could be estimated for a given set of elutriate condi- 
tions, thereby providing a way of reproducing field values should such data be 
available. 

Analytical Methods 

Laboratory measurements of PCB, Cu, Cd, Pb, and TSS were done in 
accordance with procedures recommended by the U.S. Environmental Protec- 
tion Agency (EPA) Narragansett Laboratory and Standard Methods for the 
Examination of Water and Wastewater (American Public Health Association 
(APHA) 1981). In addition, particle size distribution analysis (PSDA) was 
performed using a protocol developed at the University of North Carolina. 
Details of all procedures are found in Appendix A. 

Site and Field Tests 

New Bedford Harbor, as shown in Figure 2, is located in Bristol County, 
Massachusetts, about 50 miles south of Boston and approximately 30 miles 
southeast of Providence, RI. Bottom sediment in New Bedford Harbor is 
contaminated with PCB and heavy metals to the extent that the site is being 
studied by the EPA under the Federal Superfund program. PCB contamina- 
tion in sediment of New Bedford Harbor ranges from a few to over 
100,000 ppm (Weaver 1983). The water column in New Bedford Harbor has 
been measured to contain PCB in the parts per billion range. 

The U.S. Army Engineer Division, New England, provided analyses of 
TSS, metals, and PCB during pilot dredging operations to compare with labo- 
ratory data. Pilot field tests were conducted in November 1988, December 
1988, and January 1989 (U.S. Army Engineer Division, New England 1989). 
Three dredgeheads were used during the pilot dredging operation: cutterhead, 
horizontal auger, and matchbox. 

Chapter 2 Methods 
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Figure 2. New Bedford Harbor area map 
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3 Evaluation of DRET Protocol 

Volatilization of PCB During the DRET 

PCB have been reported in air as well as in soil, water, sediments, and 
human tissue. PCB are semivolatile. Coates and Elzerman (1986) measured 
Hemy’s constants by using the characteristics of semivolatility and slight solu- 
bility. Therefore, any loss of PCB during the DRET through vaporization 
must be considered in an evaluation of material balance. Aqueous solutions of 
PCB were prepared by adding appropriate amounts of standard stock Aroclor 
1242 and Aroclor 1254 solution. Distilled water was added to obtain an 
Aroclor concentration typically found in the DBET (about 3 PgIL). The 
spiked water sample was aerated for 4 .hr in a sealed 4-e graduated cylinder. 
The off-gas was passed through a Florisil trap, following the method of 
NIOSH (Eller 1984). These traps were extracted with hexane and analyzed 
for PCB; none was detected. Therefore, it was deduced that a significant loss 
of PCB by volatilization during the DRET did not occur. 

Sediment and Water Characteristics 

The characteristics of the sediment and water samples from the New 
Bedford Harbor pilot dredging site were determined before DRETs were per- 
formed. The results of these analyses appear in Table 2. These measure- 
ments provided background level concentration for PCB, Cu, Pb, and Cd. 
The moisture content was needed to calculate the initial TSS added to initiate a 
DRET, and the specific gravity was needed to calculate the final TSS at the 
end of an elutriate test by the PSD analyzer method. 

The value for the sediment PCB concentration in Table 2 can be further 
clarified. The determination of initially sorbed PCB requires two steps: 
extraction of PCB from the sediment phase, and quantification of the extracted 
solute. A variety of methods are available to extract hydrophobic solutes 
from a solid phase. In this instance, Soxhlet extraction was used. In later 
work; results from a simple 1iquid:solid extraction procedure were compared 
with results from the Soxhlet extraction procedure. Similarly, a variety of 

Chapter 3 Evaluation of DRET Protocol 
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Table 2 
Sediment and Water Characteristics 

Water 

’ Average of two values: 242 and 226 pglg. 
b Obtained from U.S. Army Engineer Division, New England. 
c Detection limit. 

methods exists for quantifying the concentration of a complex mixture such as 
PCB. A simple four-peak method and a more sophisticated multiple linear 
regression method were compared. 

Table 3 shows the PCB concentration of New Bedford Harbor sediment 
with replicate samples to verify the quantification method by complex mixture 
statistical reduction (COMSTAR) (Burkhard 1987); the simple liquid-solid 
extraction procedure was used here. The PCB concentration for sediments 
determined from diagnostic peaks was within 10 percent of the concentration 
computed using COMSTAR (Table 3) for samples analyzed using the simple 
liquid-solid extraction method. However, the overall peak pattern for soluble 
PCB was quite different from that of the Aroclor standard mixture so that 
quantification by the diagnostic peak method was not firmly based. The con- 
centration of soluble PCB might be best determined by calculation of concen- 
trations of individual congeners. Calculation of specific PCB congeners, 
however, was not used for this study because of time and cost constraints. 

The results of both Soxhlet and liquid-solid extraction of the original sedi- 
ment (two replicate samples, each yielding one PCB analysis but with multiple 
gas chromatography injections) are shown in Table 4. Soxhlet extraction gave 
a higher estimate of sorbed PCB. However, the same extraction technique 
should be used to compare results with those obtained in the DRET. All 
DRRT results were obtained by the simple liquid-solid extraction procedure. 

10 
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‘Table 4 
Comparison of Extraction Methods for Determining Sediment PCB 
Concentrations 

Sample Soxhlet Extrection Liquid-Solid Extraction 

I j/g/g dry weight pglg dty weight 

1 242 160 

2' 226 173 

Average 234 167 

Therefore, the average sorbed PCB value obtained with the simple liquid-solid 
extraction procedure (167 pg/g) was used for analysis of DRET data. 

Total Suspended Solids and PCB from DRET 

Table 5 summarizes the TSS and PCB concentrations obtained in the 
DRETs conducted at three target initial TSS concentrations (1, 5, and 10 g/e) 
and two different aeration times (1 and 6 hr); a replicate of the 5-g/e target 
level actually yielded 4.7 g/f! because of changes in moisture content, but this 
for all intents was considered the same as 5 g/e. The settling time in each 
experiment was 1 hr. The parameters measured after the DRET were TSS 
concentration, PCB concentration in filtered and unfiltered solutions, PCB 
mass on filter, and metals concentrations (Cu, Pb, and Cd) in filtered and 
unfiltered solution (metals will be discussed separately). The TSS concentra- 
tion remaining after 1 hr of settling ranged from 60 to 172 mg/P. Although 
TSS remaining in solution increased with initial sediment concentration for the 
samples with 6 hr of mixing, it was less than proportional. It should be noted 
that all values of PCB and TSS concentrations in Table 5 are actual values, not 
averages, For each DRET, 1 &’ of sample was required for extraction of total 
PCB; 1 f for extraction of soluble PCB; 250 ml for soluble and total metals; 
and 500 ml for one gravimetric determination of the TSS concentration. 
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Table 5 
PCB Concentration Summary from DRETs 

1 -hr Mlxlna, 1 -hr Sefflins 

6-hr Mixing. 1 -hr Settling 
- 

1.0 60 N Ad 6.3 NA NA NA 
4.7 104 1.1 8.2 6.4 61.5 66.3 
5.0 Ill 2.4 12.6 11.5 103.6 93.7 
10.0 125 2.5 7.7 9.9 79.3 41.4 

< 
’ Measured by liquid-solid extraction of solii captured on filter. 
b Unfiltered PCB (column 4) less filtered PCB (column 3), i.e., F,, 

Duplicate sample. 
NA = Not available. 

As shown in the Table 5, the PCB concentrations in the unfiltered solution 
(6.3 to 15.8 p&/P) were always far greater than those in the filtered solution 
(0.4 to 3.0 pgla). Soluble PCB (filtered solution) showed no discernible 
increase with increasing initial TSS; this is expected for strongly bound com- 
pounds. Since PCB were not detectable in the water from predredged condi- 
tions, the amount of PCB found in the filtered solution came entirely from the 
sediment. The measurement of PCB in the filtered solutions had some bias as 
the result of the four-peak quantification method (see COMSTAR validation in 
Table 3) since the overall peak pattern did not match a standard Aroclor mix- 
ture exactly. It was clear that most of the PCB remaining in the water column 
were associated with TSS; nevertheless, soluble PCB may still be significant 
depending upon local conditions and regulations. 

The sorbed PCB were obtained in two different ways. Column 6 of 
Table 5 shows the measured value as obtained by extraction and analyses of 
PCB fi-om the solid fi-action retained on the filter. Column 7 shows the calcu- 
lated value obtained by subtracting the filtered PCB from the unfiltered PCB 
and calculation on a dry weight basis; this is equivalent to the F,, calculation 
as presented in Equation 1 (Palermo and Thackston 1988b). A reasonable 
mass balance was achieved for PCB given that the difference between unfil- 
tered and filtered PCB should equal the PCB on the filter. This can be seen 
by inspection of columns 3 to 5 in Table 5. The sorbed PCB were in the 
range 62 to 104 pg/g, with the exception of one outlier (208 pg/g). Most PCB 
concentrations on the filter were around 100 pg/g or less. With one exception, 
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these sorbed PCB concentrations were lower than the initial sediment PCB 
concentration (167 ug/g). The reason for the outlier is unknown. The sorbed 
PCB concentration calculated by the direct method and indirect method were 
in good agreement. Although the sediment was mixed for 15 min for homo- 
genizing, the wide variation of sorbed PCB might arise from the heterogeneity 
of the sediment. The data in Table 5 suggest that increasing aeration time 
does not yield any significant difference in the release of PCB; statistical anal- 
ysis was not warranted because of the limited amount of data. 

In this work, total PCB were represented by the sum of Aroclor 1242 and 
Aroclor 1254. Table 6 summarizes the concentrations of Aroclor 1242 and 
1254 in the DRET. For all samples, the concentration of PCB in filtered solu- 
tions was higher for Aroclor 1242 than for Aroclor 1254. This is expected 
based on the higher solubility of Aroclor 1242 (240 pg/Ip for Aroclor 1242 
versus 12 pg/e for Aroclor 1254 at 25 “C) (Erickson 1986). Inspection of the 
sorbed PCB data for Aroclor 1242 and 1254 in the Table 6 shows no clear 
trend. The sorbed concentrations of the two PCB mixtures were usually within 
a factor of two. 

Metals from DRET 

The concentrations of Cu, Cd, and Pb in both filtered and unfiltered sam- 
ples taken after 1 hr of settling in evaluation of the DRET are presented in 
Table 7. Unfiltered Cu ranged from 34 to 105 pg/e and unfiltered Pb from 
5 to 24 pg/f?, whereas unfiltered Cd could not be detected. Concentrations of 
these metals in filtered samples were typically below detection limits. These 
data suggest that very little of the sorbed Cu and Pb were released in soluble 
form for the DRET conditions evaluated (initial TSS of 1, 5, and 10 g/e; aera- 
tion time of 1 and 6 hr; settling time of 1 hr). The maximum time allowed for 
desorption was 7 hr, this being for an aeration time of 6 hr and settling time of 
1 hr. The concentration of unfiltered Cu and Pb were not proportional to the 
final TSS concentration (also shown in Table 7) as one would expect. This 
might be caused by the heterogeneity of the sediment or lack of complete 
metal recovery from the suspended solids by acid digestion, which is required 
for atomic absorption spectroscopy. 

Previous research on the SET by Jones and Lee (1978) also showed that 
very little if any soluble metals (Cd, Cr, Ni, Pb, Cu, Hg, and As) were present. 
Fe and Mn present in reduced form in disturbed sediment were oxidized upon 
resuspension of the sediment material in the elutriate test, and it was reasoned 
that Fe(OH)3 and Mn(OH), could well act as sorption traps for metals. It 
appears that the particulate-borne fraction of the trace metals constitutes the 
major source of metal contaminants in the water column. The data in Table 7 
indicated that increasing aeration time did not yield any significant difference 
in the release of Cu, Cd, and Pb. 
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Table 7 
Metals Concentrations from DRETs 

Suspended Solids 

initial Final 
srt mglf 

Pb cu Cd 

Filtered Unfiltered Filtered Unfiltered Filtered UnfiitelWi 
IJdf Pm IaN PN Pw Put 

1-hr Mixing, I-hr Settling 

1.0 63 ND’ 16 ND 78 NAB NA 
5.0 172 ND 19 ND 101 NA NA 
5.0C 167 ND NA 14 NA NA NA 

10.0 81 ND 5 ND 38 NA NA 

8-hr Mixing, I-hr Settling 
4 

1.0 60 ND 5 ND 67 ND ND 
4.7 104 ND 24 ND 71 ND ND 
5.0 111 ND 22 13 105 NA NA 

10.0 125 ND 7 ND 34 ND ND 

’ ND = Not detectable. 
b NA = Not available. 
’ Duplicate sample. 

Batch Shaker Test 

Another experiment was designed to measure the release of PCB from 
sediment particles by vigorous shaking rather than in the DRET. The objec- 
tive was to determine the rate of release of PCB in a simple batch test wherein 
the effects of aeration and settling were eliminated. The experiment was con- 
ducted by adding 10 g/la of sediment to artificial seawater in 2-k’ bottles (in 
duplicate) and placing them on a laboratory, rotating shaker device for 1 and 
6 hr after which soluble PCB concentrations were measured. The results 
shown in Table 8 are in the same range as the tiltered solution PCB concentra- 
tions summarized in Tables 5 and 6 for the DRET conducted with an initial 
TSS (TSS,) of 10 g/k’ and mixing times of 1 and 6 hr. Although more data are 
needed to determine the release rate, it appears that shaking for 6 hr provides 

Table 8 
Release of PCB In Duplicate Batch Shaker Test (TSS, = 10 g/O) 

Time of Shaking Arocior 1242 Arocior 1284 Total PCB 
hr Pm /Jut PM 

1.0 1.52 0.17 1.69 

1.0 1.57 0.19 1.76 

6.0 2.10 0.24 2.34 

6.0 1.84 0.38 2.22 

Chapter 3 Evaluation of DRET Protocol 
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little if any further release of PCB than shaking for 1 hr. Further, the simple 
shaker test is a good estimator of the more elaborate DRET for soluble PCB. 

Distribution of Sorbed PCB with Particle Size 

An experimental method was sought to determine whether sorption of PCB 
depended on particle size. Palermo and Thackston (1988b) suggested that the 
F,, value was always higher in the modified elutriate tests than in the field 
samples because of differences in settling conditions. That is, the graduated 
cylinder enables quiescent settling, while wind action occurs in the field, keep- 
ing some coarser particles in suspension that would otherwise settle in the 
elutriate test. The result is a higher mean solids concentration (F,,) in the 
elutriate test because the fine particles have greater affinity for contaminants 
than the more coarse particles. 

An experimental problem is in subdividing the distribution of already very 
small particles (dp < 20 pm) into fractions so that sufftcient particles can be 
recovered to extract and perform PCB analyses. Membrane and glass fiber 
filters having stated pore sizes in the range of interest were first tried. 
However, PSD analyses revealed that these filters could not be relied upon to 
isolate particles by their diameter. One practical problem is clogging of the 
filter. The method finally selected was wet sieve analysis in which a slurry of 
solids was passed first through a IO-pm sieve and then through a 5-pm sieve. 
It was not possible to distinguish differences by PSD analysis before and after 
the 5-pm sieve. However, subdividing into fractions with a diameter greater 
than and smaller than 10 pm was more successful. The results of PSD analy- 
sis with respect to particle number distribution before and after passage 
through the lo-pm sieve are shown in Figure 3. Converting from number of 
particles to volume of particles gave the PSD shown in Figure 4. The effec- 
tiveness of the sieve in subdividing particle size fractions is more evident when 
the differences in volume rather than number distributions are examined. For 
each PSD, the median particle diameter (d,,), and geometric standard deviation 
(GSD) were determined. These are listed in Table 9 and show that the wet 
sieve served to separate particles effectively into two size ranges. 

The sorbed PCB present before and after the wet sieve were analyzed 
(same procedure described previously). The results are also presented in 
Table 9, being expressed both per unit of weight @g/g) and surface area 
(pg/mm2) of particles. Based on external surface area, the larger size fraction 
contained almost twice the sorbed PCB per unit volume as the smaller size 
fraction. However, the sorbed PCB were equivalent on a mass basis. This 
result is consistent with the notion of linear partitioning, which is a mass 
dependent rather than a surface area dependent phenomenon (Karichoff, 
Brown, and Scott 1979). 
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Sieving 7.1 

After 34 8.8 1.94 4.96 3.7 108.5 0.74 
Sieving 3.6 

Correlation of Final TSS and DRET Conditions 

While the soluble PCB concentration and F,, (i.e., sorbed PCB concentra- 
tion) are of most interest in the DRET, it is also useful to understand the 
relationship between TSS remaining in the DRET and DRET conditions, i.e., 
initial SS, mixing time, and settling time. This is not necessarily a substitute 
for a settling column analysis to determine TSS for use with the F,, value. 
Rather it provides information on how conditions of the test influence the TSS 
remaining with time and in particular, the time of settling beyond which no 
further substantial change in TSS, and thus total PCB, can be expected- 
regardless of whether a 4-P graduated cylinder or larger settling column is 
used. It also makes sense to design a DRET that will give a TSS similar to 
independent measurements in the field, e.g., from pilot tests of dredgeheads, so 
as to account for any effect of solids concentration on the partitioning between 
sorbed (F,,) and soluble phase contaminant. 

A three-factor matrix experiment was designed (Table 10) to define the 
relationship between TSS remaining in the DRET and operating conditions in 
more detail than was provided by the experiments from which Table 5 was 
constructed. In particular, settling times greater than the 1 hr used in these 
previous experiments were of interest. 

The elements of the matrices completed in Table 10 for settling times of 6, 
12, and 24 hr were selected to cover the minimum and maximum aeration 
times and initial TSS concentration, the intent being to fill in other elements if 
warranted later. These elements account for 28 different experiments with 
each done in duplicate or triplicate. The final TSS concentration was deter- 
mined gravimetrically as well as by calculation from the PSDA, the latter 
requiring assumptions regarding shape (spherical) and density (2.3 g/cm3) of 
the particles. 
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Table 10 
Deeign of Three-Factor Experiments 

The results for TSS concentrations with settling time fixed at. 1 hr and 
initial solids concentration and aeration time as variables are presented in 
Table 11. These data show that gravimetric analysis of TSS was reproducible 
in the duplicate elutriate tests. Moreover, good agreement was obtained 
between these measured values and those calculated from the PSDA. The use 
of PSD analysis for this purpose will be discussed in more detail in a later sec- 
tion. The data suggest that aeration time had no significant effect on the TSS’ 
concentration at any level of initial solids concentration. However, TSS’con- 
centration increased with initial solids concentration, albeit far less than pro- 
portionally; a ten-fold increase in initial solids concentration produced roughly 
a two-fold increase in TSSr This same trend was followed in the first series of 
elutriate tests shown in Table 5. 

The effect of settling time on TSS’at the two levels of aeration (1 and 
12 hr) and two levels of initial solids concentration (0.5 and 10 g/e) is given in 
Table 12. The data sets obtained for 1 hr of settling (Table 11) have been 
reproduced in Table 12. Aeration time had little effect on the settling proper- 
ties, but, as noted above, a higher initial solids concentration produced higher 
TSS concentrations at least during the first 6 hr of settling. In these experi- 
ments, a 20-fold increase in TSSi concentration only increased the TSS’concen- 
tration by a factor of about two. As important, most of the settling occurs 
during the first 6 hr regardless of aeration time or the TSS, concentration. 
Palermo and Thackston (1988b) noted little decrease after 24 hr, but the TSS, 
concentrations were much higher (62 to 155 g/e) than used in this study 
(0.5 to 10 g/Q. 

Chapw# 3 Evaluation of DRET Protocol 
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Table 11 
TSS, (mgle) as a Function of TSS, and Aeration Time; Settling Time = 
1 hr 

c 
Calculated -- 164, 169 165, 179 226, 199 

’ TSS measured from gravimetric analysis. 
b TSS calculated from PSDA. 

Table 12 
TSS,(mg/t) as a Function of Settling Time 

Settling Time, hr 

=s,, de Method 

I-hr Aeration Time 

1 6 12 24 

0.5 Measured 67, 69 27, 30 34,36 34, 35 
Calculatedb 60,61 -- 

10.0 Measured 117, 125, 122 57,51 47,46 47,39 
Calculated - -- 

12-hr Aeration Time 

0.5 Measured 72, 70 37,42 34,35 33, 24 
Calculated 56,63 

10.0 Measured 167,200 66,66 42,40 36, 32 
Calculated 226, 199 -- -- 

’ TSS measured from gravimetric analysis. 
b TSS calculated from PSDA. 

The results presented above indicated that most of the settling took place 
during the first 6 hr in the DRET. More definition of settling during the first 
6 hr was needed. PSDA provided a convenient alternative for calculating the 
residual TSS at any settling time because it required that only a very small 
sample volume (3 ml) be withdrawn from the 4-e graduated cylinder; this is 
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far less than the volume needed for multiple gravimetric analysis (2 e); this 
allowed multiple analysis to be performed over a 6-hr period. 

The validity of PSDA as a substitute for gravimetric analysis was fast 
tested by correlating the TSS obtained by calculation Corn PSDA with that 
from gravimetric analysis in the three-factor matrix experiment as presented in 
Tables 11 and 12. Using 26 pairs of data, a good correlation was obtained 
(slope of 1.05 and 8 of 0.874) as shown in Figure 5. 

300 

Y = 1.05*x 

% 
(r2= 0.874) 

5 
8 

s 
a 200 - 
22 

100 200 300 
TSSf Concentration (mg/l) by Gravimetric Method 

Figure 5. Comparison of TSS, measured by gravimetric method to TSS, 
measurement by PSD method 

Two additional experiments were conducted to show in greater detail 
the pattern of 7SSjremaining with settling time. In these elutriate tests, the 
TSS, were 0.5 g/e and 10 g/e and the aeration time was 1 hr. As indicated in 
Figure 6, most settling occurred within 1 hr. Therefore, this is a reasonable 
settling time to use in a DRET. 

All the data obtained in the three-factor matrix experiments and the two 
follow-up experiments shown in Figure 7 were combined to search for a corre- 
lation of TX!? concentration with TS& concentration, aeration time, and settling 
time. The form of the relationship sought had to account for two important 
effects: (a) Tss/increases nonlinearly with Tss, and (b) the TSSf concentration 
decreases nonlinearly with settling time. The data did not show an effect of 
aeration time; thus this factor was eliminated from the regression analysis. 
The regression model chosen was of the form: 
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80 160 240 
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Figure 6. TSS,as a function of time after a 1-hr aeration time 

TSS’ = exp (a+,) (1 + a,TSSi,as) 

The resulting values of the coefficients al, u2, and a3 in the regression 
model are presented in Table 13. A reasonably good fit was obtained as 
indicated by the 95percent confidence intervals of the model parameters. 

Data from the three-factor matrix experiment (Tables 11 and 12) and the 
follow-up experiments (Figure 6) can also be examined independently from the 
regression model. The dependence of TSS’on TSSi and settling time is 
depicted in a three-dimensional plot (Figure 7). It is again clear that settling 

Table 13 
Regression Model Parameter Estimates 

Coefficient 

a1 

a2 

Estimate Standard Error 

0.104 0.016 

96.2 4.92 

0.203 0.027 

95% Confidence 
Interval 

0.072-0.136 

66.3-106. 

0.150-0.266 
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‘Figure 7. TSS, surface as a function of settling time(t,) and initial suspended 
solids concentration (TSS,) 

time is more important than TSSi and that most settling occurs within the first 
6 hr. Such a relationship should be used with caution because sediment 
material from different sites may have different settling properties. 
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4 Field Results 

Field Data from New Bedford Harbor 

Samples were collected from sampling ports attached to each dredgehead 
type (cutterhead, horizontal auger, and matchbox) and from the plume during 
various phases of the dredging operation. The location of the plume samples 
is shown in Figure 8. The plume data for PCB and TSS concentrations that 
were presented in the U.S. Army Engineer Division, New England (1989) 
report are average values obtained from the following stations (l-5, 6-10, and 
11-15). These samples were taken within about 100 ft of the dredge site and 
some just inside the dredge area itself. Most samples were taken during the 
dredging operation and the remainder within a couple of hours after dredging 
had stopped. Neither the dredgehead nor the plume samples are represented 
by settling conditions achieved in the DRET. That is, samples from the port 
attached to a dredgehead are more representative of the initial sediment load 
added in the DRET and do not account for any sedimentation, while samples 
from the plume are not represented by a fixed settling time in the DRET. 
Therefore, the DRET may predict soluble PCB concentrations reasonably (if 
enough time is allowed in the field to approach equilibrium to a similar extent 
as in the DRET), but not predict total contaminant concentration accurately 
unless partitioning data from the DRET are combined with information on 
TSS expected in the field, as Equation 2 represents. This limitation has been 
noted by Palermo and Thackston (1988b) in the development of the modified 
elutriate test. 

PCB and TSS Data 

The average and range of concentrations of PCB reported in the 
U.S. Army Engineer Division, New England (1989) report as total (unfiltered 
PCB), dissolved (filtrate PCB), and particulate (captured on the filter) for each 
dredgehead (at the dredgehead) are presented in Table 14. Total PCB should 
be slightly greater than the particulate PCB, but this was not found from 
inspection of the data in Table 14; the only explanation is a difference in ana- 
lytical methods used to obtain these data (the determination of total PCB is an 

24 
Chapter 4 Field Results 



chaptar 4 Field RO8Ulta 2’5 



Table 14 
Summarv of PCB Data from New Bedford Harbor Pilot Stud\P 

Total PCB, pall Dissolved PCB. pa/C Particulate PCB, p/C 

Dredgehead Type Average Range Average Range Average Range 

Cutterhead 

Horizontal Auger 

Matchbox Dredge 
- 

7.0 1.6-26.6 0.6 0.5-l .o 22.3 0.6-66.7 

64.9 12.6-l 33 10.1 1 .o-22.9 200.3 16.2-362 

2.6 0.2-4.5 0.5 0.3-0.6 56.9 6.7-205 

’ Data from U.S. Army Engineer Division, New England (1969), Table 5. 
Other useful data are as follows: 
(1) Background total BCB: 0.607 m/e at Coggeshall St. Bridge, 0.114 &I at the Hurricane Barrier. 
(2) Background TSS: 6.4-l 0.2 mg/P at Coggeshall St. Bridge, 4.4-7.9 mg/Q at the Hurricane Barrier. 
(3) Dredgehead sampling was from the water column adjacent to operating dredgehead. 
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independent procedure that does not rely on removing suspended material 
from a filter for analysis). The most obvious trend is that a much higher PCB 
concentration was produced by the horizontal auger than either the cutterhead 
or matchbox dredge. 

The U.S. Army Engineer Division, New England (1989) report did not 
summarize the average values of TSS corresponding to the data in Table 14, 
so it is not possible to calculate the sorbed concentration of PCB @g/g), i.e., 
F,,. However, the report does contain data for individual samples from the 
dredgehead for which both particulate (or total) PCB and TSS concentration 
were measured. These are listed in Table 15 for each dredgehead. 

The TSS ranged from 46 to 388 mg/P for the cutterhead dredge; 634 to 
4,037 mg/! for the horizontal auger dredge; and 62 to 582 mg/P for the 
matchbox dredge. These data show that the cutterhead dredge gave the least 
resuspension of sediment. The sorbed PCB concentrations were calculated 
and appear in the last column of Table 15. In some instances, the total PCB 
were used for calculation even though the particulate PCB would be more 
appropriate. The justification is that the data for total PCB may be more reli- 
able than for particulate because the sample is analyzed directly with less 
chance for experimental error in recovery of solids from the filter. Moreover, 
total PCB should approximate the sorbed fraction because only a small amotmt 
is dissolved. As can be seen in Table 15, the sorbed concentration of PCB 
varied widely. Most of the values in Table 15 are between 25 and 100 pg/g. 
For comparison purposes, the sorbed PCB concentration measured on pre- 
dredged sediment by the simple liquid-solid extraction procedure was 
167 pglg (see Table 4). 

The results of TSS and PCB (total or particulate) analyses on samples from 
the plume for each dredgehead are given in Table 16. Again, the sorbed PCB 
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liable 15 
TSS and PCB Concentrations for Individual Dredgehead Samples’ 

l Data from U.S. Army Engineer Division, New England (19891, Tables 2, 11, and 17. 
b Particulate PCB. 

concentration was calculated and appears in the last column. This calculation 
is similar to that of Fss (Palermo and Thackston 1988b), the difference being 
that the total PCB value was used as an approximation to the total PCB less 
soluble PCB because of the very small value of @e latter. While the sorbed 
PCB conktration data are scattered, mo& fall, between 80 and 214 pg/g, 
which is in rough agreement with predredged sediment values (Table 4). 
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Table 16 
TSS and PCB Concentrations for Individual Plume Samples. 

’ Data from U.S. Army Engineer Division, New England (19891, Tables 3, 16, and 20. 
b Particulate PC8. 
c Suspect value: another sample on same day gave 1.2 m/P but did not include T8S data. 

A comparison of the sorbed PCB calculated for each dredgehead type at 
the dredgehead and in the plume is given in Figures 9 and 10, respectively. 
Th: sorbed PCB should be independent of dredgehead used. This was gener- 
ally shown to be the case, the exceptions being some anomalously large, 
sorbed concentrations from the matchbox dredgehead. One possible explana- 
tion is that different dredgeheads remove sediment to different depths; thus if 
sorbed PCB concentrations vary with depth, the type of dredgehead becomes 
important. A related possibility is that sorbed PCB concentrations are a func- 
tion of particle size, and different particle sixes are associated with resus- 
pended sediment from each dredgehead. The laboratory data presented in 
Table 9 suggest that sorbed FCB concentrations are not a function of particle 
size. Nevertheless, if the results from the matchbox dredgehead are ignored, 
the sorbed concentrations of PCB at the dredgehead, where coarser TSS are 
expected, are generally lower than those collected in the plume, where finer 
TSS areexpected. 
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The field data for PCB also provide a breakdown into Aroclor 1242 and 
1254 as listed in Table 17 for dredgehead samples. These again show that 
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Figure 9. Comparison of sorbad PCB for dredgehead samples 
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particulate PCB are much greater than dissolved. In addition, most of the val- 
ues for dissolved Aroclor 1242 are greater than for dissolved Aroclor 1254 
whereas the total (or particulate) am in much closer agreement. These data 
may be may be explained by the higher solubility of Aroclor 1242 as discussed 
earlier. 

Metals Data 

A summary of total, dissolved, and particulate concentrations of Cu, Cd, 
and Pb measured at each dredgehead is given in Table 18. The grab samples 
taken for metals analyses were different from those taken for PCB analyses but 
obtained during the same dredging pilot tests. As was found for the PCB data, 
there was poor agreement between the two methods of metals analysis, i.e., 
total without filtration of the sample and filtration to yield both dissolved and 
particulate fractions (the sum of these two fractions should equal the total 
metals). Also listed in Table 18 are the TSS data where available. The range 
of values for each dredgehead is similar to that presented in Table 17 with the 
PCB data. 

Because the metals data were obtained at the dredgeheads, they should 
represent the maximum concentrations at the point of dredging. Therefore, the 
results would correspond more closely to the initial conditions of the DRET 
evaluated in this study than to the data after 1~ hr of settling (Table 7). Unfor- 
tunately, metals concentrations v&e not available from plume samples, which 
would have made it possible to compare results with those of the D&i% more 
directly. 

The data in Table 18 show that the concentrations of dissolved metals, with 
the exception of one data point for Pb, are very low (near the detection limit 
of the analytical procedure), while those of particulate metals are much higher. 
This agrees with the findings for PCB concentrations and supports the conten- 
tion that knowledge of the TSS remaining ,&er dredging is very important 
when evaluating environmental impacts. 

The sorbed concentrations @g/g) of Cu, Cd, and Pb are presented in 
Figures 11 to l:, respectively. These were calculated from the data in 
Table 18 using the TSS and the concentration of particulate metals (where 
available) of that of the total metals (a reasonable estimate of the particulate 
given the low concentrationsof dissolved metals). Each bar graph in the fig- 
ures represents a field measurement. The sorbed concentration of Cu and Pb 
is one to two orders of magnitude greater than that of Cd. This is consistent 
with the soluble concentration of Cd also being very low (Table 18) and with 
results of the DRET (Table 7). Sorbed concentrations of each metal should 
only depend on solid-liquid phase partitioning and not on the type of dredge- I. 
head used, given that the aqueous phase concentrations are similarin all field 
samples. The variation in sorbed concentration from sample to sample and 
from dredgehead to dredgehead may be due to the effect of dredgehead type 
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Figure 11. Sorbed Cu concentrations as a function of dredgehead type 
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Figure 12. Sorbed Cd concentrations as a function of dredgehead type 
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Fiiure 13. Sorbed Pb concentrations as a function of dredgehead type 

on the depth of sediment removed or to variations in contaminant concentra- 
tions in the sediment. 

Comparison of Field and DRET Results 

The T.SS, PCB (total, soluble, and particulate), Cu, Cd, and Pb concentra- 
tions that were measured for samples collected during the New Bedford Harbor 
pilot-scale test and in the DRET are compared by dredgehead type in 
Tables 19 to 21. In each of these tables, the field results have been separated 
into those obtained from the ports of the dredgehead and fkom the plume; the 
average value and thk range are given for each parameter. Data from these 
tables were obtained from the U.S. Army Engineer Division, New England 
(1989) report of “New Bedford Harbor Superfbnd Pilot Plant Study: Evalua- 
tion of Dredging and Dredged Material Disposal.” A summary of PCB con- 
centrations (total and dissolved) at the dredgehead are shown in Table 5; 
individual TSS and PCB concentration values at the dredgehead are shown in 
Tables 2, 11, and 17; and individual TSS and PCB concentration values in the 
plume m shown in Tables 3, 15, and 20 of this report. The average and 
range of concentrations shown for the DRET were obtained in investigation of 
the efhts of initial TSS and aeration time with settling fixed at 1 hr (Tables 5 
and 7). 
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Table 19 
Summary Comparison for Cutterhead Dredge* 

Parameter Dredgehead Plume DRET 

TSS, mglC 133 (46-366) 13.4 (4-37) 110 (60-I 72) 

Total PCB, pgle 7 (1.6-26.6) 1 .133 (0.539-l .65) 10.6 (6.3-l 5.6) 

Soluble PCB, j//u/l! 0.6 (0.5-l .O) 0.799 (0.51-l .59) 2.0 (0.4-3.0) 

Particulate PCB, l~glf 22.3 (0.6-66.7) __ 10.9 (6.4-14.6) 

Total Cu. ~10 457 (90-l 367) -_ 71 (34-105) 

Total Cd, #g/P 35.5 (2-l 27) -- NDb 

Total Pb, ugll I 436 (31-I 556) I _- I-- ~~ 14 (5-24) 

a Data from U.S. Army Engineer Division, New England (1969). 
b ND = Not detectable. 

Table 20 
Summary Comparison for Horizontal Auger Dredgea 

Parameter Dredgehead Plume DRET 
I I I 

TSS, mg/P 1,931 (634-4037 10.6 (3-24) 110 (60-I 72) 

Total PCB, pgle 94.9 (12.6-l 33.0) 1.64 (0.71-2.19) 10.6 (6.3-l 5.6) 

Soluble PCB, p/le 10.1 (1 .o-22.9) -- 2.0 (0.4-3.0) 

Particulate PCB, de I 200.3 (16.2-362) I -- I 10.9 (6.4-14.61 II 
Total cu, cIg/e 

Total Cd, Mll 

Total Pb, m/f 

2,397 (1166-3932) -- 71 (34-l 05) 

99.6 (27-l 63) __ NDb 

1,220 (606-l 707) -_ 14 (5-24) 

’ Data from U.S. Army Engineer Division, New England (1969). 
b ND = Not detectable. (I 

The limitations of the DRET in simulating TSS of the field sample and 
thus the total concentration of any contaminant have been mentioned several 
times. Nevertheless, it is useful to compare field and DRET results to under- 
stand the extent to which agreement exists, especially in the instance where 
both dredgehead and plume samples are available for comparison. For the 
cutterhead and matchbox dredges, the TSS after 1 hr of settling in the DRET 
are more consistent with those obtained from the dredgehead than the plume 
sampling. For the horizontal auger dredge, the DRET produces much lower 
TSS than at dredgehead but still greater than in the plume. Thus despite the 
much higher TSS measured at this dredgehead than at the others, most of the 
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Table 21 
Summary Comparison for Matchbox Dredge” 

Paraqwtar Dradgahaad Pluma DRET 
1 

TSS, mgll 179 (62-562) 18.8 (8-32) 110 (60-l 72) 

Total PC8, LglO 2.8 (0.2-4.5) 2.83 (2.13-5.13) 10.8 (6.3-l 6.8) 

Soluble PCB, u/P I 0.5 (0.3-0.8) I -- I 2.0 (0.4-3.0) 

a Data from U.S. Army Engineer Division, New England (1989). 
b ND = Not deteciable. 

suspended material settles very rapidly as was observed in laboratory experi- 
ments. The DRET is,expected to give much lower TSS than found at the hor- 
izontal auger dredgehead where no settling time is allowed. 

A comparison of the DRET and field results for soluble PCB concentra- 
tions show that the DRET overpredicts field concentrations, but values fall 
within an order of magnitude for the cutterhead and matchbox dredges. How- 
ever, the DRET underpredicts soluble PCB by an order of magnitude for the 
horizontal auger dredge at the dredgehead. This could be related to the high 
TSS observed during dredging with a’horizontal auger compared with the ,: 
other two dredges. 

Metals data, both from the DRET and the field, were limited. For both, 
soluble metals were near the detection limits. For total metals, the data in 
Tables 19 to ‘21 show that DRET results are within an order of magnitude of 
those for the cutterhead and matchbox dredges but two orders of magnitude 
lower than for the horizontal auger dredge. This should be expected given 
that total metals depend on TSS and that the DRET produced a TSS similar to 
those at the cutterhead and matchbox dredgehead but much lower than at the 
horizontal auger dredgehead. 

Comparisons of DRET and field results for PCB (total and soluble) listed 
in Tables 19 to 21 are also presented graphically in Figure 14 (comparison 
with dredgehead field samples) and Figure 15 (comparison with plume field 
samples). These show again that the DRET is a reasonable predictor for the 
soluble PCB concentration from the cutterhead and matchbox dredges but not 
for the horizontal auger dredge. 

Also included in Figures 14 and 15 is a comparison of the DRET with the 
SET, the latter being performed in conjunction with the collection of field 
samples by the U.S. Army Engineer Division, New England. The same data 
for the SET and DRET are given in both figures, the difference being only in 
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Figure 14. Comparison of PCB concentrations for field dredgehead samples 
(CH-cutterhead, HA-horizontal auger, MB-matchbox), DRET, and 
SET results 

which type of field sample is being compared (dredgehead or plume). The 
major difference between the SET and the DRET is the initial TSS. A sedi- 
ment to water volume ratio of 1:4 is used in the SET; in contrast, the maxi- 
mum initial TSS in the DRET is 10 g/P, which translates to a sediment to 
water volume ratio of about 1:226. Therefore, the initial TSS in the DRET is 
almost one order of magnitude lower than in the SET, and this suggests that 
the final TSS (1 hr of settling) and correspondingly, the total contaminant con- 
centrations, will be lower in the DRET than in the SET. Consequently, the 
set overestimates the field concentrations of total and also the soluble PCB 
concentrations greatly for both the dredgehead and plume samples taken from 
the cutterhead and matchbox dredge operation. However the SET is a better 
predictor of the horizontal auger dredge than the DRET. 

The relationship between total ECB and TSS for the DRET and field data 
is given in Figure 16. While all of the DRET data are presented, the range of 
TSS was narrowed for this comparison such that only the plume samples and 
some of the cutterhead dredgehead samples were included. An approximately 
linear relationship exists taking all three sources of data together (DRET, 
plume, and dredgehead). The slope of this line is on the order of 75 pg/g and 
represents the sorbed phase PCB concentration, or Fss. The fact that both 
DRET and field data fit the relationship means that the DRET can describe 
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partitioning. Such information, together with an estimate of TSS (e.g., from 
field information or a settling column analysis), can be used to obtain the 
expected total PCB concentration. 
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5 Investigation of Particle Size 
Characteristics 

Changes in Particle Size Characteristics During 
Settling in the DRET 

The objective of this section is to provide detail on how the particle size 
characteristics change during quiescent settling in the DRET. Of particular 
interest is the time of settling beyond which no further significant change in 
particle size may be expected. This may have implications if the sorbed PCB 
(or F,,) concentration is a function of particle size. The PSD data provide 
good detail on the decrease in particle size with settling time (as is shown in 
Figure 17). Both the total volume of particles (i.e., mass of particles) and the 
average diameter of particles become smaller with settling time. These exper- 
iments were performed with an initial solids concentration of 0.5 g/! and were 
aerated for 1 hr. The distribution of particle diameter with particle mass was 
examined after each settling time. As shown in Figure 18, each set of data 
was fit by a log-normal distribution rather well-the steeper the slope, the 
wider the distribution of particle diameters. The median particle diameter 
(d,,) and the GSD of particle sizes are given in Table 22 for each settling 
time, for experiments conducted with an initial solid concentrations of 0.5 g/1 
and an aeration time of 1 hr. 

The largest change in PSD occurs during the first 30 min with the median 
size decreasing from 10.7 to 6.5 pm. It is not surprising that little change in 
d,, was noted after several hours given that the particles are very small and 
their discrete settling velocities (by Stoke’s Law) would be very low. Palermo 
and Thackston (1988b) also found by grain size analysis that about 90 percent 
of the dredged sediment material has a particle diameter less than 10 pm. 

Effects of initial TSS (TSS,) concentration and aeration time (t,> on PSD of 
particles remaining after 1 hr of settling are given in Figures 19 and 20, 
respectively. Qualitatively, the greater the TSSi concentration, the greater the 
mass of particles remaining; however, the effect on median particle diameter 
is not clearly seen. The effect of aeration time on both final TSS and median 
particle diameter is also unclear. The particle diameter-mass relationship 
followed a log-normal distribution in all instances. The resulting distributions 

. 
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Figure 17. Volume PSD as a function of settling time 
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Figure 18. Log-normal PSD as a function of settling time 
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Table 22 
Particle Size Characteristics as a Function of Settling Time; Initial 
Solids Concentration = 0.5 g/f; Aeration Time = 1 Hr 

Settling Time 
min 

40 Geometric Standard 
m Deviation 

! 10.7 ! 1.8 

180 5.1 1.5 

240 4.9 1.6 

2.8Et006 

2.4Et006 

s 
E 2.OEt006 

rY- 
E 

i3 1.6Et006 
M 
.o 

5 1.2Et006 
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Figure 19. Volume PSD as function of TSS, concentration 

were very similar for all the data sets in Figures 19 and 20. An example from 
each data set where ES, and aeration time were varied is given in Figure 21. 
Neither parameter had a strong effect on the distributions. This is also appar- 
ent from the similarities of d,, and GSD given in Tables 23 and 24 that were 
obtained from log-normal distributions of each experiment. 
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Figure 21. Log-normal PSD as a function of aeration and settling times 
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Table 23 
Particle Size Characteristics as a Function of lriitial Suspended 
Solids Concentration 

TSS, Concentration 
9lC 

0.5 

1 

5 

10 

d 
p: 

Geometric Standard 
Deviation 

5.9 1.44 

5.8 1.47 

6.5 1.41 

5.9 1.44 

5.3 1.48 

5.5 1.48 

5.2 1.49 

5.1 1.51 

Table 24 
Particle Size Characteristics as a Function of Aeration Time 

Aeration Time d 50 Geometric Standard 
hr flrn Deviation 

1 5.4 1.56 

5.6 1.58 

3 5.3 1.48 

5.4 1.48 

6 I 5.3 I 1.38 

I 5.3 I 1.42 

12 5.3 1.42 

5.6 1.41 

Another way to interpret PSD data is with a power law expression: 

n(d,) = Adp+ (4) 

or in linear form: 

log n(dJ = log A - /3 log dp (5) 
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where 

n($,) = the particle size function 

A = coefficient related to concentration of particles 

B = constant that characterizes particle size function 

A plot of the cumulative particle number concentration, N, of size less than or 
equal to dp against dp is used to calculate the slope at any dp. This slope 
(AN/tip) is n(dp). Such analyses have been conducted in aerosol and aquasol 
science fields to characterize particles according to their B values. The deriva- 
tion of Equation 4 was given by Lawler, O’melia, and Tobiason (1980). It 
shows that when A = 1, there are an equal number of particles in each 
logarithmic size interval. Even distributions of surface area and of volume 
likewise correspond to A = 3 and A = 4, respectively. When A = 4, both 
larger fractions of the number and surface area of particles are found in the 
smaller sizes. Moreover, a mechanistic interpretation is available for A values 
that accounts for the predominant mode of particle collisions affecting the dis- 
tribution. For small particles, a A = 2.5 is consistent with theory for floccula- 
tion of small particles by Brownian motion, whereas for larger particles a 
A = 4.75 is consistent with flocculation by differential settling (Stumm and 
Morgan 1981). 

The data obtained by PSD analysis for settling times between 0 and 6 hr 
(presented as Figure 23) were fitted to the linearized form of the power law 
function, Equation 5. As indicated in Figure 22, the plot of log n(d,) versus 
log dp was linear down to d of about 3 to 4 pm, whereas the log-normal dis- 
tribution of dp with mass o ! particles was applicable to the whole range (Fig- 
ures 19 and 22). Only the data in the linear portion of Figure 23 were used to 
calculate the slope, B. Values of l3 from this elutriate test (TSSi of 0.5 g/f?) as 
well as another at the maximum T&Vi of 10 g/a are listed in Table 25 for each 
settling time. Values for l3 in these tests range from 3.3 to 5.1. As a frame of 
reference, particulates found in ocean systems have B values in the range of 4 
to 5 (La1 1977). Based on the theoretical considerations discussed above, a 
high B value indicates that the smaller particles account for most of the 
number of particles and surface area, and further, that differential settling is an 
important mechanism for particle growth (Stumm and Morgan 1981). 

Settling Characteristics of Particles 

The settling characteristics of this sediment material were analyzed in a 
classic settling column experiment (Camp 1946). The height of the settling 
column was 40 cm, and samples were withdrawn at 20 cm. Particles removed 
by sedimentation in time t have an average settling velocity, v,, for this experi- 
mental system of: 
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Figure 22. Log-normal PSD as a function of settling time 

Table 25 
/3 Values From Power-Law Regression 

ys = 20 cm/min 
t 

(6) 

The experiments were conducted using a TSS, concentration of either 0.5 or 
10 g/I and aerating for 1 hr before settling. A distribution of settling 
velocities for the sediment sample was obtained by plotting the fraction of 
solids remaining in the settling column at time, t, against the corresponding vs. 
The same experiment was repeated in distilled water instead of artificial 
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seawater to determine the extent to which flocculent settling was enhanced by 
double layer compression at high ionic strength. 

For comparative purposes, the distribution of settling velocities was also 
calculated from the PSD analysis of the TSSi assuming that discrete settling 
took place and therefore Stoke’s law applied: 

(7) 

where 

ps = density of solids 

pw = density of water 

g = acceleration of gravity 

dp = particle diameter 

p = kinematic viscosity 

The PSD data provide the information needed to determine the fraction of 
particles having diameter, dp. Measurements of ps were made and reported 
earlier in Table 2. Thus a theoretical distribution of settling velocities was 
determined that assumes discrete particle settling, i.e., no change in particle 
size during sedimentation caused by flocculation, e.g., by differential settling. 

Flocculation by double layer compression can explain the increase in parti- 
cle removal rate in seawater compared with distilled water as is shown in Fig- 
ures 23 and 24. In these settling tests, aeration time was fixed at 1 hr, and 
two different TSSj concentrations (0.5 and 10 g/Q were used. Seawater, with 
its high ionic strength, serves to increase double layer compression greatly 
(Weber 1972). Further evidence of flocculent settling in seawater is provided 
in Figure 25. Here, the theoretical distribution of settling velocities based on 
Stoke’s law and PSD analysis is given for each of the two TSSi concentrations 
and is compared with the actual distributions obtained in sea water experi- 
ments. The Stoke’s law calculations for nonflocculent, or discrete settling, 
show that the particles are much slower settling than observed in seawater. 
For example, Stoke’s law predicts that 70 percent of the particles have a set- 
tling velocity equal to or less than about 1.7 cm/min, whereas in a 0.5 g/P 
suspension in seawater only about 40 percent of the particles had this settling 
velocity or less. Moreover, increasing the TSSi concentration to 10 g/f! further 
decreases the percentage of particles with this settling velocity or less. Higher 
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Figure 23. Settling behavior for TSS, concentrations of 0.5 g/P 
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Figure 24. Settling behavior for TSS, concentrations of 10 g/Q 
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Figure 25. Comparison of observed settling characteristics and Stoke’s law 
predictions 

TSSi concentrations promote a greater number of particle collisions that leads 
to greater particle growth and increased settling velocities. 

Palermo and Thackston (1988a) investigated the settling properties of sedi- 
ment particles in a CDF. In settling-column studies they observed flocculent 
settling above the zone-settling interface. Palermo and Thackston (1988a) used 
TSSi concentrations of 55 to 155 g/l, whereas a maximum of 10 g/le was used 
in these experiments. Thus it is not surprising that zone settling was never 
observed in experiments performed at the lower TSSi concentrations used in 
this work and that flocculent settling predominated. 
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6 Application of Equilibrium 
Partitioning Model 

Development of the Model 

A simple equilibrium partitioning model was used to predict the concentra- 
tion of soluble PCB in the DRET. A mass balance for soluble and sorbed 
PCB in the water column at equilibrium from addition of sediment with 
sorbed PCB is: 

where 

4 = mass of sediment added in the DRET, g 

4i = initial mass of sorbed PCB per mass of sediment, or mass fraction of 
P-3 /a/g 

V, = volume of solution, ml 

ce = equilibrium concentration of soluble PCB, pglml of solution 

Kp = partition coefficient, ml/g 

Kp is calculated by: 

Kp =fSoc 

where 

foe = fraction of organic carbon in sediment 

Koc = organic carbon normalized partition coefficient, ml/g 

(9) 
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Karickhoff, Brown, and Scott (1979) proposed a correlation to estimate the 
value of K,, for neutral, nonpolar, hydrophobic solutes: 

logK,, I= logK, - 0.21 

where K,, is the octanol-water partition coefficient of the solute. 

Solving for Cc, in Equation 8, the predicted soluble PCB concentration from 
the DRET is: 

Equation 11 can also be written as 

c, = _ qi 
V,lM, + Kp 

(11) 

For strongly sorbing contaminants (large KOc), high organic carbon sediment 
(largef,J, and solids concentrations of the range used in the DRET (M,IVJ, 
Kp b V,lM,. This suggests that the equilibrium fluid phase concentration (CJ 
is a linear function of the initial PCB concentration on the solid phase (qi), 
and that C, is relatively insensitive to the solids concentrations used in the 
DRET. 

The predicted total PCB concentration (unfiltered PCB ) is represented by: 

C, = (1 + TSS’K,,)Ce 

where TSS’ = total suspended solids concentration, g/ml. 

To use Equations 12 and 13, several parameters must be estimated. The 
sediment PCB concentration (167 pg/g) is from the liquid-solid extraction. If 
the results of Soxhlet extractions were used instead of liquid-liquid extrac- 
tions, the sediment PCB concentrations for use in Equation 12 would have 
been 234 ,ug/g. This would give higher predicted values of C, in Equation 
12. As mentioned earlier, the liquid-solid extraction result was used to be 
consistent with the analytical method used for analysis of the DRET data. 
The f,,, as measured by a total organic carbon (TOC) analyzer, was found to 
be 0.15. The analyzer oxidizes the TOC to CO2 with sodium persulfate and 
analyzes the CO, with an infrared detector (APHA 1981). 

The PCB composition of the mixture used to select K, and thus K,, in 
Equation 10 and Kp in Equation 9 was 1:l Aroclor 1242 and 1254. The mass 
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Table 26 
Composition of PCB Mixture and K,,, Values 

% Composition’ 

Homologous Group 1242 1254 Log K,,wb 

Monochlorobiphenyl 1 .o 0.05 4.56 

Dichlorobiphenyl 16.0 0.1 5.02 

Trichlorobiphenyl 43.0 0.5 I 5.64 

Tetrachlorobiphenyl 27.0 10.0 6.67 

Pentachlorobiphenyl 

Hexachlorobiphenyl 

Heptachlorobiphenyl 

B Data from Onuska, Kominar, and Terry (1983). 
b Data from Erickson (1986) for lowest value in homologous group. 

percentage of each PCB homolog of standard Aroclor 1242 and 1254 mixture 
is given in Table 26 (Onuska, Kominar, and Terry 1983), along with the 
lowest K,, values within each homologous group (Erickson 1986). Since the 
mass percentage and K,, values of every congener in standard Aroclor 1242 
and 1254 were not available, the data in Table 26 were used to predict soluble 
PCB concentrations. This approach will give the highest predicted soluble 
PCB concentration (least sorption to sediment). 

The mass of solids to mass of solution (MjJ$) is known as the solids con- 
centration for batch reactor experiments. An inverse relationship between the 
solids concentration and the measured partition coefftcient of hydrophobic 
pollutants such as DDT and Heptachlor has been observed (O’Connor and 
Connolly 1980). The dependence of partition coefficient on TSS concentration 
in aqueous suspensions has been termed the “solids effect” (Voice and Weber 
1985). However, since the range of TSS in the DRET was similar to that of 
field samples, the solids effect was not considered. The assumption of equilib- 
rium might be conservative because it has been reported that PCB congeners 
containing up to four chlorines approach equilibrium within 6 weeks and con- 
geners with greater than 6 chlorines may require months or years to reach 
equilibrium (Coates and Elzerman 1986). This assumption would also serve to 
maximize the predicted PCB concentrations. 

The predicted soluble and total PCB concentrations are shown in Table 27. 
The predicted amounts of soluble PCB in the filtered solution were all about 
3 pg/Ip regardless of the amount of solids added in the DRET (Table 27). 
PCB are so strongly sorbed to particles that very little is released to the water 
at equilibrium. Thus for calculation purposes, the initial sorbed PCB concen- 
tration (sediment PCB) is about equal to the final sorbed PCB concentration. 
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Table 27 
Equilibrium Model Predictions of PCB Concentrations 

Tss,. glt TSS,. mgit c.. b&lit c,. pgtt 

1 -hr Aeration lime, 1 hr Settling lime 

The total predicted PCB concentrations in Table 27 ranged from 10 to 
29 pg/1. These predicted concentrations were proportional to TSSf because of 
the dominant effect of TSS on sorbed PCB concentration. In this procedure, 
the sorbed PC13 distribution with particle size was assumed to be mass depen- 
dent. This will be discussed in a section that follows, 

Comparisons of predicted and experimental values of soluble and total PCB 
are given in Figures 26 and 27, respectively. The predictions were typically 
higher than or equal to the experimental values. Overprediction of soluble 
PCB concentrations may be caused by either assuming a qi that is too high or 
by assuming a Kp that is too low. These figures show that the total PCB con- 
centration is proportional to the TS$concentration, but the soluble PCB 
concentration is nearly independent of the TSS’concentration. This makes 
sense considering most of the PCB are particle associated. However, contami- 
nants that are not nearly as strongly sorbed will desorb to a greater extent and 
thus be associated with the soluble rather than the suspended fkaction. 

Usefulness of the Model 

The equilibrium partitioning model was used here to predict fairly well the 
soluble PCB concentration obtained in the DRET. It was also able to explain 
the total PCB concentration if the residual TSS concentration was known after 
settling. The model represents, therefore, an alternative to the DRET to pre- 
dict both soluble and total concentrations of PCB or other contaminants pro- 
vided the following information is available: sorbed contaminant concentration 
on the sediment (q$, fraction of organic carbon in the sediment Q; TSS 
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I experimental predicted 

SS (g/l)-Aeration Time (hr)-Settling Time (hr) 

Final TSS (mg/l) 

2.5 

l-l-l 5-l-l 50-l-l 10-l-l 4.7-6-l 5-6-l 10-6-l 
63 172 167 61 104 111 125 

Figure 26. Comparison of measured and predicted soluble PCB 
concentrations 

concentration initially resuspended by the dredge; and TSS remaining in the 
water column after particle settling. 

The information needed is not extensive nor time-consuming to obtain. 
Experimental values of q, and f, can be obtained relatively quickly as part of 
the sediment characterization procedure. Resuspension of TSS must be esti- 
mated from available data being gathered by the US. Army Corps of Engi- 
neers for various dredgeheads. TSS remaining after settling can be estimated 
from a standard settling column analysis (typically an &in diam column), or 
alternatively, particle size analysis of the sediment. In the latter method, the 
fraction of particles expected to remain in suspension at the field site can be 
estimated, based on this research, only particles of diameter less than about 
10 pm remain in suspension after 1 hr of quiescent settling. 

While the focus of this research was PCB release, the release of other non- 
polar organic contaminants could also be predicted provided that data were 
available on their partition coefficients. The database for nonpolar organic 
compounds has been greatly expanded (Chapman 1989; Reuber et al. 1987). 
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Figure 27. Comparison of measured and expected total PCB concentrations 

If a DRET is still considered necessary, the equilibrium partitioning model 
could at the very least serve as a screening tool to estimate the release of con- 
taminants expected for a range of DRET conditions. This could save time and 
expense, especially if the analytical procedures are as involved as those for 
PCB. 
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7 Conclusions and 
Recommendations 

Conclusions 

An evaluation of the DRET protocol suggests using 10 g/e as the initial 
TSS concentration. The release of soluble PCB did not depend upon the 
choice of initial TSS (1 versus 10 g/Q. This can be explained by the strong 
sorption of PCB to sediment. For other less strongly sorbed contaminants, 
the initial TSS concentration may be more important. A value of 10 g/e is 
well above the TSS observed in the pilot study at New Bedford Harbor and 
thus should give a conservative prediction of soluble contaminants, at least for 
the cutterhead and matchbox type of dredges. 

An aeration time of 1 hr and a settling time of 1 hr should be used in the 
DRET. Increasing the aeration time produced no further release of soluble 
PCB. This was also shown in separate batch shaker experiments. A settling 
time of 1 hr is longer than needed to remove from suspension all but the parti- 
cles less than 10 pm in diameter. Moreover, the batch shaker experiment 
confirmed that little further release of soluble PCB occurred by extending the 
time available for desorption to 6 hr. 

The DRET overpredicted the soluble PCB released from cutterhead and 
matchbox dredgeheads in the New Bedford Harbor pilot study, although all 
predictions were well within an order of magnitude. However, the DRET 
underpredicted release of soluble PCB from the horizontal auger dredge by an 
order of magnitude. INotably, this dredgehead also produced TSS an order of 
magnitude higher than either the cutterhead or matchbox. Nevertheless, the 
TSS were still less than one-half the initial TSS recommended in the DRET. 

A sorbed phase concentration of PCB, or F,, value, on the order of 75 to 
100 pg/g was found in the DRET and in the field samples (both at the dredge- 
head and in the plume). This is considerably lower than the sorbed PCB 
measured independently on the predredged sediment sample (167 pg/g), but, 
nonetheless, the DRET simulated the field results rather well. DiGiano, 
Miller, and Yoon (1993) also summar ized the DRET PCB release predictions 
discussed in this report. 
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Only limited data were available for metals (Cu, Cd, and Pb) in the DRET 
and the pilot study (dredgehead samples only). The DRET was low in predic- 
tion of total metals concentrations but within an order of magnitude for the 
cutterhead and matchbox dredges; however, the DRET was two orders of 
magnitude too low for the horizontal auger dredge. Failure of the DRET to 
predict total metals for the horizontal auger dredge is in part due to the TSS 
concentration at this dredgehead being much higher than the TSS concentra- 
tion after settling in the DRET. 

A simple particle sizing experiment (d > 10 pm and d < 10 pm) showed 
that on a mass basis, sorbed PCB concentrations were independent of particle 
size. Thus, an equal mass concentration of fine and coarse particles for the 
sediment sample analyzed should be expected to produce a similar concentra- 
tion of soluble PCB. 

While the main objective of the DRET is to gather data on soluble PCB 
and the partition coefficient (K,), it also provides some information on particle 
size distribution and settling characteristics. Particles remaining after just 
30 min of settling are less than 20 pm in diameter. Notwithstanding the 
recognized deficiencies of a 4-e graduated cylinder in simulating settling rates 
of the field situation, the experiments showed that very little settling can be 
expected beyond 1 hr of quiescent conditions and further that the particles 
remaining were smaller than 10 pm. 

The flocculent nature of particle settling observed above a region of zone 
settling in a CDF (Palermo and Thackston 1988a) was also found for simula- 
tion of the solids concentration at the point of dredging. These experiments 
differed greatly in the initial TSS (55 g/P minimum for the CDF versus 10 g/e 
maximum for the point of dredging). Far less efficient settling and thus 
higher total PCB concentrations may be expected in freshwater dredging oper- 
ations where destabilization of particles is less effective. 

An equilibrium partitioning model was shown to predict fairly well the 
soluble PCB of the DRET. The model (Equation 12) shows that strongly 
sorbed contamincants such as PCB will produce soluble PCB concentrations in 
direct proportion to the sorbed concentration but nearly independent of the 
concentration of resuspended solids. In this research, the soluble PCB con- 
centration was only about 3 pg/e regardless of whether 1 or 10 g/P of solids 
were added in the DRET. However, the sorbed PCB concentration used in 
the DRET was low (167 pg/g) compared with other areas of New Bedford 
Harbor; thus higher soluble PCB concentrations may be expected in other 
areas. 

The equilibrium partitioning model should be able to predict the soluble 
PCB at the point of dredging if the sorbed PCB concentration and fraction of 
organic carbon on the sediment and the concentration of resuspended solids 
are known. This is, therefore, an alternative to the DRET. In addition, the 
total PCB can be predicted if the residual TSS are known (Equation 13). This 
prediction approach is similar to the use of Fss (Equation 2), the main 
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difference being that lthe concentration of sorbed PCB is not obtained in the 
DRET but is instead calculated by Kp, the partition coefficient (Equation 9). 

Recommendations 

If the horizontal auger dredge is to be used, more work is needed to 
develop a DRET that is a conservative predictor of contaminant release. This 
dredgehead produced much higher TSS concentrations than either the cutter- 
head or the matchbox dredges and seemed to have produced more contaminant 
release despite the weak dependency of soluble contaminant concentrations on 
TSS concentrations as discussed. 

A simple equilibrium partitioning model that predicts soluble PCB is based 
on very conservative assumptions (equilibrium state). Therefore, a non- 
equilibrium partitioning relationship needs to be developed. The equilibrium 
partitioning model is also based on uniform concentration of contaminants in 
the sediment. However, the contaminant concentrations in the field may vary 
with location and depth of sediment; these variations need to be included in 
modeling. 

The DRET test methods presented in this report are based on only one set 
of laboratory and field data from New Bedford Harbor, a seawater system. 
Additional comparisons of field releases at the point of dredging with DRET 
test predictions should be conducted at several sites with varying site 
conditions. 

Even though much research has been done on dredging and disposal opera- 
tions, comparison with previous research was difficult since the analysis 
method and quantification of contaminants are not standardized nor specified 
in detail. Standardization of analysis methods and detailed descriptions of 
methods should be included in future documents in order to facilitate compari- 
son of results. 
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Appendix A 
Analytical Methods 

Analysis of polychlorinated biphenyls (PCB) 

One of the main objectives in this research was to compare laboratory data 
with field data for recommending experimental conditions to be used in the 
dredging elutriate test (DRET). Therefore, all procedures for analyses and 
quantification of PCIB and metals were adopted from those used by the 
U.S. Environmental Protection Agency (EPA) Narragansett Laboratory, which 
conducted the analyses for the New Bedford Harbor pilot study samples. 
Some modifications to the EPA procedure for PCB were used in this study: a 
nitrogen carrier gas was used instead of a helium gas in gas chromatography 
(GC) analysis, and bexane was used as an extraction solvent instead of freon. 
Chromerge (chromic and sulfuric acid mixture) was used to clean all glass- 
ware involved in the measurement of PCB. 

Two 1-e aliquots were taken from the 3-e sample siphoned from the grad- 
uated cylinder for PCB analyses; one aliquot was passed through a 0.45l,cm 
glass-fiber filter. The filtered and unfiltered aliquots were spiked with about 
1.4 pg of octachloronaphthalene (OCN) and refrigerated in brown glass bottles 
with Teflon-lined caps until extraction (within 24 hr). The water samples 
were collected from New Bedford Harbor before the dredging operations. 
The unfiltered solution and the filtered solution in the DBET were extracted 
three times with 65 IrnI of high-purity hexane. Water was removed by addi- 
tion of sodium sulfate and concentrated to 1 to 2 ml with a Kuderna Danish 
apparatus. 

The filter was placed in a 40-ml culture tube and spiked with an internal 
standard (OCN). A few drops of acetone and enough high-purity hexane were 
added to cover the filter. The vial was shaken manually for a few minutes 
and the solvent was allowed to remain in contact with the solids overnight. 
Water was removed by addition of sodium sulfate, after which the extract was 
transferred to an 80-ml micro Kuderna Danish apparatus for concentration to 
1 to2ml. 

The concentration of PCB on New Bedford Harbor sediment was analyzed 
by removing a 1 to 2 g subsample from the sample provided, spiking with an 
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internal standard1 (OCN), covering with acetone, extracting with hexane over- 
night (Soxhlet), drying with sodium sulfate, and concentrating to 1 ml. The 
l-ml extract was, then treated with mercury, a 50-percent solution of sodium 
hydroxide (1 time), and a 50-percent solution of sulfuric acid (three times). 

GC with an electron capture detector (ECD) was used to measure concen- 
trations of PCB. All GC-ECD analyses were performed with a Hewlett- 
Packard Model 5890A, equipped with a split/splitless, auto injection system, 
and a standard 6’Ni electron capture detector. The GC-ECD conditions used 
in this work were as follows: 

a. A 30-m DBS column with 0.25pm film thickness and 0.25mm ID. 

b. Nitrogen carrier gas and make-up gas flow rates of approximately 
1.5 and 45 ml/min, respectively. 

c. A 275 “C injection temperature and 325 “C detector temperature. 

d. A 6.0 Wmin ramp rate. 

e. Averaging of results from two injections. 

Quantification of PCB is not simple because the analyte is not a single 
compound but rather a complex mixture of 209 possible congeners. In addi- 
tion, standards of all 209 congeners are not readily available for calibration. 
The applicability of the different quantification techniques depends on the 
analytical technique, the PCB concentrations, the consistency of the PCB pat- 
tern within a sample set, and the analytical objectives (Erickson 1986).’ 
Quantification against an Aroclor standard by the area of selected peaks may 
be appropriate if the PCB pattern closely resembles that of commercial 
Aroclor mixtures. Since one of the objectives of this research was to compare 
the laboratory data with field data, the quantification method was based upon 
the PCB analysis method used by the EPA laboratory in Narragansett. An 
internal standard (OCN) was added to the sample immediately prior to the 
extraction procedure, and analytes were quantified using the ratio of the 
analytes and internal standard responses. A range of standard solution con- 
centrations was prepared with an approximate 1: 1 ratio of Aroclor 1242 to 
1254 and was used to establish a multipoint calibration curve. Pour chro- 
matographic peaks were selected for quantification: two diagnostic peaks to 
Aroclor 1242 and two diagnostic peaks to Aroclor 1254. The quantification 
peaks were chosen to match the EPA-Narragansett Laboratory method. Con- 
centrations for each Aroclor were calculated from the mean of the two 
diagnostic peak-to-internal standard ratios and the total reported. 

A common approach in GC peak identification is to compare the patterns 
produced by the sample with those produced by a mixture of commercial 

A2 

’ References cited in this appendix are located at the end of the main text. 
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preparations such as Aroclor or Clophen, with the contents of samples 
expressed in terms of Aroclor or Clophen mixture concentrations. 

Degradation, biotic or abiotic, of selected compounds can cause dissimilari- 
ties and can lead to erroneous conclusions. Burkhard (1987) developed a 
method called complex mixture statistical reduction (COMSTAR) which is 
used for analysis of :PCB chromatogram traces obtained from capillary-column 
GC separation. COMSTAR uses a multiple-peak regression analysis with 
outlier checking and elimination. The COMSTAR approach fits a distribution 
of PCB mixtures that minimize the variance among individual chromato- 
graphic peaks in a sample and a computed theoretical distribution consisting of 
a combination of well-characterized mixtures. The well-characterized mixture 
response is based upon GC calibration using test mixtures of known 
composition. 

Analysis of Metals 

All glassware and polyethylene bottles used in this metal analysis were 
soaked in nitric acid, rinsed with deionized water, and dried. Seawater is 
difficult to analyze because of the matrix effect of salt. The matrix is atom- 
ized along with the analyte and the background signal can overwhelm the 
signal of the sample (Slavin, Carnrick, and Manning 1982). Samples can be 
pretreated to remove: this interference, but the pretreatment process is time- 
consuming and can lead to sample contamination (Slavin, Carnrick, and 
Manning 1982). In this work, the method of direct determination using graph- 
ite furnace atomic absorption spectrometry with a stabilized temperature 
platform and Zeeman background correction (Model 5100PC and Zeeman/ 
5100PC) was used to analyze Cu, Cd, and Pb. A matrix modifier was added 
to samples to reduce matrix effects. Analysis conditions appear in Table Al, 
and the matrix modifiers were those suggested by Schlemmer and Welz 
(1986). 

Table Al 
Atomic Absorption Conditions 

Wavelength Matrix Modifier 
Temperature, OC 

I 
Metal nm mg Pyrolysis Atomizer 

0.015 Pd + 0.01 Mg(NO,), 1300 2500 

0.2 PO, + 0.01 Mg(NO,), 850 800 

0.2 PO, + 0.01 Mg(NO,), 900 1600 

A 200-ml aliquot. of settled water from the DRET was passed through a 
0.45pm polycarbonate filter to analyze dissolved metals and a 50-ml aliquot 
was digested with nitric acid to analyze the total metals. The detection limit 
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for each metal (Cu, Cd, and Pb) was 5 urn/l, 10 pg/le, and 5 p&f, 
respectively. 

Measurement of Suspended Solids and Particle 
Size 

The measurement of total suspended solids was performed using a 500-ml 
aliquot according to Standard Methods for the Examination of Water and 
Wastewater (American Public Health Association 198 1). 

The particile size distribution analyzer (PSD, Model 112LSD/ADC-80XY) 
used in this research determines the number and size of particles in an electri- 
cally conductive liquid. This is accomplished by forcing the suspension to 
flow through a small aperture having an immersed electrode on either side 
(Allen 1981). As a particle passes through the aperture, it changes the resis- 
tance between the electrodes. The change in resistance is proportional to the 
volume of particles. Pulses are amplified, sized, and counted. From the 
derived data, ,the particle size distribution (PSD) can be determined. A sche- 
matic diagram of the PSD analyzer is given in Figure Al. 

The reliability of PSD measurements of heterogeneous particulate suspen- 
sions is limited because of particle clogging of the sensor orifice and particle 
breakup. The recommended range for each orifice is approximately 2 to 
40 percent of the orifice diameter (Allen 1981). Most of the particles in the 
sediment from New Bedford Harbor were below 20 pm. Therefore, two 
aperture tubes (30 and 90 urn) were used. The total volume of suspended 
solids was calculated by integrating the curve of particle size with respect to 
the number of particles, assuming spherical particles. The mass of suspended 
solids was calculated using the computed volume of particles and assuming a 
uniform particle density of 2.3 gkm3. 

Particle Sizing 

Particle sizing by several types of filters such as membrane filter (2, 5, and 
8 pm), glass fiber filter (5 and 8 urn), and nylon mesh (5 and 10 urn) was 
attempted following the method (Day 1965). The objective was to isolate 
enough of a given range of particle sizes to perform analyses of sorbed PCB. 
Each fractionated portion was evaluated using the PSD analyzer to determine 
the resultant size distribution. 
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SOP – Paint Filter Liquids Test  
(SW-846 Method 9095A) 
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METHOD 9095A

PAINT FILTER LIQUIDS TEST

1.0  SCOPE AND APPLICATION

1.1 This method is used to determine the presence of free liquids in a representative
sample of waste.

1.2 The method is used to determine compliance with 40 CFR 264.314 and 265.314.

2.0  SUMMARY OF METHOD

2.1 A predetermined amount of material is placed in a paint filter.  If any portion of the
material passes through and drops from the filter within the 5-min test period, the material is deemed
to contain free liquids.

3.0  INTERFERENCES

3.1 Filter media were observed to separate from the filter cone on exposure to alkaline
materials.  This development causes no problem if the sample is not disturbed.

3.2 Temperature can affect the test results if the test is performed below the freezing
point of any liquid in the sample.  Tests must be performed above the freezing point and can, but
are not required to, exceed room temperature of 25  C.o

4.0  APPARATUS AND MATERIALS

4.1 Conical paint filter:  Mesh number 60 +/- 5% (fine meshed size).  Available at local
paint stores such as Sherwin-Williams and Glidden.

4.2 Glass funnel:  If the paint filter, with the waste, cannot sustain its weight on the ring
stand, then a fluted glass funnel or glass funnel with a mouth large enough to allow at least 1 in. of
the filter mesh to protrude should be used to support the filter.  The funnel should be fluted or have
a large open mouth in order to support the paint filter yet not interfere with the movement, to the
graduated cylinder, of the liquid that passes through the filter mesh.

4.3 Ring stand and ring, or tripod.

4.4 Graduated cylinder or beaker:  100-mL.

5.0 REAGENTS

5.1 None.

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected according to the directions in Chapter Nine of this
manual.
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6.2 A 100-mL or 100-g representative sample is required for the test.  If it is not possible
to obtain a sample of 100 mL or 100 g that is sufficiently representative of the waste, the analyst may
use larger size samples in multiples of 100 mL or 100 g, i.e., 200, 300, 400 mL or g.  However, when
larger samples are used, analysts shall divide the sample into 100-mL or 100-g portions and test
each portion separately.  If any portion contains free liquids, the entire sample is considered to have
free liquids.  If the sample is measured volumetrically, then it should lack major air spaces or voids.

7.0  PROCEDURE

7.1 Assemble test apparatus as shown in Figure 1.

7.2 Place sample in the filter.  A funnel may be used to provide support for the paint filter.
If the sample is of such light bulk density that it overflow the filter, then the sides of the filter can be
extended upward by taping filter paper to the inside of the filter and above the mesh.  Settling the
sample into the paint filter may be facilitated by lightly tapping the side of the filter as it is being filled.

7.3 In order to assure uniformity and standardization of the test,  material such as sorbent
pads or pillows which do not conform to the shape of the paint filter, should be cut into small pieces
and poured into the filter.  Sample size reduction may be accomplished by cutting the sorbent
material with scissors, shears, knife, or other such device so as to preserve as much of the original
integrity of the sorbent fabric as possible.  Sorbents enclosed in a fabric should be mixed with the
resultant fabric pieces.  The particles to be tested should be reduced smaller than 1 cm (i.e., should
be capable of passing through a 9.5 mm (0.375 inch) standard sieve).  Grinding sorbent materials
should be avoided as this may destroy the integrity of the sorbent and produce many "fine particles"
which would normally not be present.

7.4 For brittle materials larger than 1 cm that do not conform to the filter, light crushing
to reduce oversize particles is acceptable if it is not practical to cut the material.  Materials such as
clay, silica gel, and some polymers may fall into this category.

7.5 Allow sample to drain for 5 min into the graduated cylinder.

7.6 If any portion of the test material collects in the graduated cylinder in the 5-min period,
then the material is deemed to contain free liquids for purposes of 40 CFR 264.314 and 265.314.

8.0  QUALITY CONTROL  

8.1 Duplicate samples should be analyzed on a routine basis.

9.0  METHOD PERFORMANCE

9.1 No data provided.

10.0  REFERENCES

10.1 None provided.
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Figure 1.  Paint filter test apparatus.
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METHOD 9095A
PAINT FILTER LIQUIDS TEST
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SOP – Stabilization/Solidification Testing 
(Andromelos & Ameel, 2003)
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Standard Operating Procedure:  
Stabilization/Solidification Tests 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for conducting bench scale 
Stabilization/Solidification Tests. Samples to be tested will include residuals produced from processes 
simulating various treatment operations for dredged material slurries from Hudson River sediments. These tests 
will determine the effectiveness of the treatment for landfilling of the tested material. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) 

(Blasland, Bouck & Lee, Inc. [BBL], 2003); 

• Stainless Steel mixing bowl; 

• Soil mixing apparatus; 

• Sample containers (2- quart) 

• Laboratory notebook. 

 
III. Health and Safety Considerations 
 
Refer to Revised HASP (BBL, 2003). 
 
IV. Test Procedure for Stabilization/Solidification 
 
The Stabilization/Solidification test method described below will be conducted in a laboratory bench scale setup 
using dredged material slurry samples approximately 1 Kg in weight.  The tests will be conducted under 5 
different S/S reagent percentages, 0, 5, 10, 15, and 20 % (w/w).  Portland cement will be the reagent used for all 
sample compositions , with an additional lime reagent sample at the 10 % (w/w) composition.  The sediment 
slurry or filter press cake samples will be blended with the appropriate weight of reagent by thorough mixing in 
the stainless steel bowl.  Mixed samples will then be placed in 2-in. cube molds.  All samples will undergo a 
three day curing period before testing is conducted.  Testing will then be performed including but not limited to; 
PCBs, specific gravity, paint filter tests, unconfined compressive strength, RCRA metals tests, TCLPs, PAH, 
PCDD/PCDF, consolidation, and TOC.  Results will be summarized and necessary changes will be made 
accordingly. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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Standard Operating Procedure:  
Size Separation Testing 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for size separation testing.  These tests are 
part of treatability studies described in the Hudson River PCBs Superfund Site Treatability Studies Work Plan 
(TS Work Plan) (Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
Hydraulically-transported sediments may be treated for preliminary removal of coarse (>0.075 mm) particulates.  
Removal of coarse/dense materials relieves loading of solids to dewatering facilities.  It also offers the 
possibility of beneficial use of sand and coarse particles. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) 

(Blasland, Bouck & Lee, Inc. [BBL], 2003); 

• Materials and equipment as required for Sieve analysis (ASTM D422 – see Appendix 10 of the SSAP 

QAPP). 

 
III. Health and Safety Considerations 
 
Refer to Revised HASP (BBL, 2003). 
 
IV. Size Separation Testing Procedure 
 
1. PCB Distribution by Grain Size or Density Fraction testing 
 
After preparation of simulated dredged material slurries, select a quantity containing approximately 500 grams 
of solids.  This would be about 2 liters of H1 slurries (mechanically dredged and hydraulically offloaded at 25 % 
[w/w] solids content) or about 10 liters of H2 slurries (hydraulically dredged and hydraulically offloaded at 5 % 
[w/w] solids content).   
 
Apply slurries to screens, following procedures of ASTM D422.  Collect and weigh each size fraction and 
measure volume of fine fraction slurry.  After weighing each fraction, aliquots of each sediment fraction and 
fine fraction slurry should be submitted for analysis of PCB content by GEHR modified Method 8082 (see 
Appendix 5 of the SSAP QAPP).  Specific grain size fractions to be collected and analyzed may be modified 
based on discussions with the selected treatability test vendor. 
 
A separation based on density, using a high-density liquid method, will also be performed to separate the 
sediment slurry samples into three fractions.  Since these methods, as applied to sediments, are proprietary in 
nature, the SOP for this test will be developed in cooperation with the selected treatability test vendors.  
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After receipt of analytical results, a mass balance shall be prepared, showing distribution of particle size masses, 
with associated distributions of PCB mass on the solids and in associated fine fraction slurry. 
 
2. Preparation of Desanded test slurries 
 
Some of the treatability tests will use desanded dredge slurry as feed material, while other test sequences use 
simulated dredge slurry without desanding.  When desanded feed material is required, it will be developed by 
passing the required quantity of simulated dredge slurry across a #200 screen with 0.075 millimeter openings.  
This mesh size may be adjusted, based on results of the sieve analyses described above.  Aliquots of coarse 
solids and slurry containing fines will be sampled for each test sequence.  The weight of coarse solids will also 
be measured, permitting a mass balance of coarse and fine solids for each desanding sequence.  PCBs should 
also be measured for each run producing coarse and fine fractions. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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Standard Operating Procedure:  
Drainage Study of Coarse Fraction 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for conducting a Drainage Study of Coarse 
Fraction for use in treatability studies, as described in the Treatability Studies Work Plan (TS Work Plan) 
(Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
During processing of Hudson River dredged material, larger-sized particulates may be separated from finer 
solids in desanding process equipment such as hydrocyclones or screens.  The separated coarse particulates 
would be drained and further evaluated for non-TSCA (Subtitle D) disposal or for beneficial use.  The purpose 
of this study is to estimate the water content of separated coarse media after gravity draining for a period of 
time. 
 
Specific dredged slurry simulations to be treated for size separation testing are presented on Table 2 of the TS 
Work Plan.  The coarse fraction from each of these tests will be further tested in the Drainage Study of Coarse 
Fraction tests. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) (BBL, 

2003); 

• No. 200 standard sieves; 

• Sampling spoon; and 

• Laboratory notebook. 
 
III. Health and Safety Considerations 
  
Refer to the Revised HASP (BBL, 2003). 
 
IV. Drainage Study of Coarse Fraction Procedure 
 
In this test, samples of the coarse fractions separated during size separation testing are placed atop a screen and 
gravity drained for several days.  The remaining procedures for conducting a drainage study of coarse fractions 
are as follows: 
 
1. The dredged slurry simulations selected for size separation testing are shown on the lines for data quality 

objectives (DQO) 4b. (1) and 4c. (1) of Table 2 in the TS Work Plan.  Retain approximately 1 liter of 
separated coarse fraction from each of these size separation tests. 

 
2. Place each 1-liter sample in a conical configuration upon a No. 200 standard sieve.  Also take a 25-gram 

sample of each sample for measurement of initial solids concentration. 
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3. Place each screen and sample in a non-drafty location, such as a laboratory hood with the fan turned off. 
 
4. After drainage durations of approximately 24, 48, and 72 hours, remove one sample from the center of the 

cone and submit for solids concentrations. 
 
 
For each coarse fraction sample, plot the solids concentration vs time. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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SOP – Standard Practice for Coagulation-
Flocculation Jar Test (ASTM D2035)



Standard Practice for
Coagulation-FJocculation Jar Test of Water1

This standard is issued under the fixed designation D 2035; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (,) indicates an editorial change since the last revision or reapproval.

,. NOTE-Section 12 was added editorially in December 1994.

1. Scope
1.1 This practice covers a general procedure for the

evaluation of a treatment to reduce dissolved, suspended,
colloidal, and nonsettleable matter from water by chemical
coagulation-flocculation, followed by gravity settling. The
procedure may be used to evaluate color, turbidity, and
hardness reduction.

1.2 The practice provides a systematic evaluation of the
variables normally encountered in the coagulation-floccu-
lation process.

1.3 This standard does not purport to address the safety
concerns, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.
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2. Referenced Documents

2.1 ASTM Standards:
D 1129 Terminology Relating to Water2
D 1192 Specification for Equipment for Sampling Water

and Steam2
D 1193 Specification for Reagent Water2
D 1293 Test Methods for pH of Water 2
D 1889 Test Method for Turbidity of Water 2
D 3370 Practices for Sampling Water2

3. Terminology
3.1 Definitions-For definitions of terms used in this

practice, refer to Terminology D 1129.

4. Summary of Practice
4.1 The coagulation-flocculation test is carried out to

determine the chemicals, dosages, and conditions required to
achieve optimum results. The primary variables to be
investigated using the recommended practice include, but
are not limited to:

4.1.1 Chemical additives,
4.1.2 pH,
4.1.3 Temperature, and
4.1.4 Order of addition and mixing conditions.

S. Significance and Use
I

5.1 This practice permits th(: evaluation of various coagu-
ilants and coagulant aids used in the treatment of water and
waste water for the same water and the same experimental
conditions.

5.2 The effects of concentr;ition of the coagulants and
coagulant aids and their order of addition can also be
evaluated by thi$ practice.

6. Interferences
1 6.1 There are some possible interferences that may make
the determination of optimum jar test conditions difficult.
1fhese include the following:

6.1.1 Temperature Change (During Test)-Thermal or
~onvection currents may occur, interfering with the settling
~f coagulated particles. This can be prevented by tempera-
~re control.

6.1.2 Gas Release (During TE~st)-F1otation of coagulated
floc may occur due to gas bupb1e formation caused by
mechanical agitator, temperature increase or chemical reac-
tion.
i 6.1.3 Testing-Period-Biological activity or other factors

!pay alter the coagulation ch~lracteristics of water upon
prolonged standing. For this ]'eason the period between
~mpling and testing should be l<:ept to a minimum, with the
~me being recorded.

1. Apparatus
i 7.1 Multiple Stirrer-A multi position stirrer with contin-

ubus speed variation from about 20 to 150 rpm should be
used. The stirring paddles should be of light gage corrosion-
rltsistant material all of the same configuration and size. An
ilJuminated base is useful to observe the floc formation.
~ecautionary m~asu~ s~ould tie taken .to avoid heat being
itpparted by the illumination system which may counteract
nbrmal settling.

17.2 Jars (or Beakers), all of the same size and shape;
ISOO-mL Griffin beakers may be used (l000-mL recom-
mended minimum size).

17.3 Reagent Racks-A means of introducing each test
SQlution to all jars simultaneously. There should be at least
o1j1e rack for each test solution or suspension. The racks
s~ould be similar to that shown in Fig. 1.

8.! Reagents
18.1 Purity of Reagents-Reagent grade chemicals shall be

uSed in all tests. Unless otherwi~;e indicated, it is intended
that all reagents shall conform to the specifications of the
CCi>mmittee on Analytical Reagel1lts ,of the American Chem-

I This practice is under the jurisdiction of ASTM Committee 0-19 on Water

and is the direct responsibility of Subcommittee 019.03 on Sampling of Water and
Water-Formed Deposits, and Surveillance of Water.

Current edition approved July 3, 1980. Published October 1980. Originally
published as 02035 -64 T. Last previous edition 02035 -74.

2 Annual Book of ASTM Standards, Yolll.OI.

12



~~ D 2035

BORE '",

c:J:;~ 1
~ LI11

\

I

~

'1
51/2"

._L ~
; ....J [

'-=,= -' L

I 1/2"
1agU-
and

~ntal

and
)be

-~ ~' I I I,~ --t=:~ ., I. I 5/S" I ,
...L L .J ~ ~4"

WOOD SCREW
14 " 3 .

A = l Distance between jars in

multiple stirrer apparatus

(6" for 0 Phipps -Bird)

TUBES -I" x 7- 50ml Cl:olor

Comparator Type

RACK -Oak 3/4" x J-S/S"

FIG. 1 Reagent Rack for Multiple Stirrer Jar Test Apparatus
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ical Society, where such specifications are available} Oth~r
grades may be used, provided it is first ascertained that tije
reagent is of sufficiently high purity to permit its use witho~t
lessening the accuracy of the determination.

8.2 Purity of Water-Unless otherwise indicated, refet-
enceto water for reagent preparationshallbeunderstood~
mean Type IV reagent water conforming to Specification
D 1)93.

8.3 The following chemicals and additives a!e typical ()f
those used for test solutions and suspensions. Thelatter, witJi
the exception of coagulant aids, may be prepared daily W
mixing chemicals withw~terto a concentra;tion of 10 (::1:0. )
gfL( 1.0mL of testsolutioQor suspension w~enaddedto 1
of sample is equivalent to 10 mgfL):

Prime Coagulants

Alum[Al2(S04)3.l8H20J
Ferric sulfate [Fe2(S04)j .XU2OJ
Ferric chloride (FeO3.6H2O)
Ferrous sulfate (FeS04' 7H2O)
Magnesium carbonate (MgW3.3H2O)
Sodium aluminate (NaAJ02)

Coagulant Aids
Activated silica
AniOriiC}Ca ..Polyelectrolytestiomc
Noriioriic Polymer

Oxidizing Agents
Chlorine (02)
Chlorine dioxide (002)
Potassium perman~ate (KMnO4)
Calc;ium hYPOl:~lo~te[CaO(Op)'4H20J
SodIum hYPOl:hlonte (NaOO)

Alkalis
Calcium carbonate (Caco3)
Dolomitic lime
(58 % CaO,40 % MgO)
Lime, hydrated [Ca(OHhJ
Magnesium oxide(MgO)

tape;
;om-

test
least
~cks

Sodium carbonate (N~CO3)
Sodium hydroxide (NaOH)

Weighti~ Agents
Bentomte
Kaolin
Other clays and minerals

Miscellaneous
Activated carbon (powdered)

8.4 Coagulant Aids~ There are numerous coml1le11 :any
available coagulant aids or polyelectrolytes. All polyel CU9-
lytes are classified anionic, cationic or nonionic, depe ding
upon their composition.. These aids may have the ab. to
produce large, tough, easily-settled floc when used alo e or
in conjunction with inorganic coagulants. A small d sage
(under I mg/L) maypemlita reduction in the dosage f, or
complete eliminatioll'. of, the coagulant. In the .latter cas , the
polyelectrolyte would be considered the prime co ant
rather than a coagulant :rid. Aids come ill'. powdef and
liquid form. Powdered aids should be prepared as .1 %
solutions with appropriatealiquots to provide,proper d e.
Always add powdered aids to the dissolving water rather aD
the reverse, and add slowly to the shoulder of a v rtex
created by stirring. If a vo:rtex is not formed, the dry po der
will merely collect on thc~ surface of the water in gu my
masses and become very difficult to dissolve. Dissolving orne
may vary from several minutes to several hours. Sugg sted
manufacturers' procedurl~s for wetting, dissolving, and
storing should be followed when available. Liquid form can
be readily prepared to the above suengili without diffic ty. 4

9. Sampling
9.1 Collect the water sample under test in accordance' th0.. .

tbe applicable Specifi~tlon D 1192 and PractIces D 3,3: O.

10. Procedure
10.1 Measure equg} volumes (1000 mL) ofsarople into

3 Reagent Chemicals, American Chemical Society Specifications, Americall

Chemical Society, Washington, DC. For suggestions on the testipg of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDHLtd., Poole, Dorset, U.K., and the United StatesPharmacopeiil
and National Formulary; U.S. Pharmaceutical Convention, Inc. (USOC),
Rockville, MD. C

ill be
oded
f the
ilem-

4 A periodically updated "Report on Coagulant Aids for Water Trea~ m nt" is
pl;lb~hed. by ~e Envir~nt;nenta1 Pro~on Agency Office?f Water S pply,
CinCInnati, Ohio 45268, listing COagulant ~ds that may be used In water ent
wit!;tout adverse physi,ological effect! on those using the water,based on i rma-
tion submitted by the manufacturers or distributom, or both.
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-
JAR NUMBER --!

'1- 2 1 3 4 ~ l--L-

Chemicals, mg/litre (g)

-
I Flash Mix Speed, rpm

I Flash Mix Time, min

Slow Mi~ Speed, rpm
Slow Mi~ Time, min

!Temperature. of
Time First Floc. min

, Tu~v-

I pH

(g) Indicate order of addition of chemicals

FIG. 2 Jar Test Data

be that at which the unsettled or residual particles appear to
be moving equally upward and downward.

10.6 After 15 min of settling,. record the appearance of
floc on the beaker bottom~ Record the sample temperature.
By means of a pipet or siphon, withdraw an adequate sample
volume of supernatant liquor from the jar at a point one half
of the depth of the sample, to conduct color,s turbidity, pH
and other reqUired analyses, (Note) determined in accor-
dance wi~ Test Methods D 1889 and D 1293. A suggested
form foi:recording results is appended (see Fig. 2).

Narn- Tests for residual chemicals should be included, for example,
alum; residual Al2O3; copperas; residual Fe2O3; etc.

10.7 Repeat steps 1 0.1 throu~:h 10.6 until all pertiQent
v~ables have been evaluated.

10.8 The times given in 10.3, 10.4, and 10.6 are only
suggestions.

11. Reproducibility
11.1 It is recognized that reJproducibility of results is

important. To demonstrate repr<>ducibility, the so-called 3
and 3 procedure is suggested. In this procedure, duplicate
sets of 3 jars each are treated simultaneously with the same
chemical dosages in jars 1 and 4, 2 and 5, and 3 and 6.

each of the jars or l5()()"mL Griffin beakers. As many sample
portions may be used as there are positions on the multiple
stirrer. Locate beakers so that the paddles are off,.center, but
clear the beaker wall by about 6.4 mm (1/4 in.). Record the
sample temperature at the start of the test.

10.2 Load the test chemicals in the reagent racks. Use one
rack for each series of chemical additions. Make up each
tube in the rack to a final volume of 10 mL, with water,
before using. There may be a situation where a larger volume
of reagent will be required. Should this condition prevail, fill
all tubes with water to a volume equal to the largest volume
of reagent in the reagent rack. When adding slurries, it may
be necessary to shake the rack to produce a swirling motion
just prior to transfer.

10.3 Start the multiple stirrer operating at the "flash mix"
speed of approximately 120 rpm. Add the test solution or
suspensions, at predetermined dosage levels and sequence.
Flash mix for approximately I min after the additions of
chemicals. Record the flash mix time and speed (rpm).

10.4 Reduce the speed as necessary to the minimum
required to keep floc particles uniformly suspended
throughout the "slow mix" period. Slow mix for 20 min.
Record the time for the flTSt visible floc formation. Every 5
min (dUring the slow mix period), record relative floc size
and mixer speed (rI:)m). If coagulant aidS are used, mixing
speed is critical because excessive stirring tendS to break up
early floc formation and may redisperse the aid,

10.5 After the slow mix period, withdraw the paddles and
observe settling of floc particles. Record the time required for
the bulk of the particles to settle. In most cases this time will
be that required for the particles to settle to the bottom of the
beaker; however, in some cases there may be interfering
convection currents. If so, the recorded settling time should

12. Keywords
12.1 coagulation; flocculation; jar tests

, For the color determination, reference is made to Standard Methods for the
Examination of Water and Waste Water, Fourteenth edition, American Public
Health Association, Inc., New York, NY, 19')5, pp. 64-71.
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The American Society for Testing and Materials takes no position respecting the validity of any patem rights asserted in connection
with any item mentioned in this standard. Users of this ;tandard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights. are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comlnents are invited either for revision of this standltrd or for additional standards
and should be addressed to ASTM Headqualters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair h'9aring you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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SOP – Determine Optimum Polymer Dose 
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Standard Operating Procedure:  
Determine Optimum Polymer Dose 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedure for determining optimum polymer dosage for 
sediment dewatering by plotting filtrate volumes vs. dosage from Buchner funnel or bench-scale filter press 
tests.  These tests are part of treatability studies described in the Hudson River PCBs Superfund Site Treatability 
Studies Work Plan (TS Work Plan) (Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
Hudson River dredged materials may be transported hydraulically to land-based processing facilities.  Following 
desanding (particle size separation) the slurry of finer particulates will be dewatered, likely using a plate-and-
frame filter press, belt press, or centrifuge.  Chemical conditioning is required to facilitate water separation and 
obtain a dry cake which may be landfilled.  Historically, conditioning has been obtained with inorganic 
materials, such as ferric chloride and lime, aluminum sulfate, and other multivalent cations.  Today organic 
polyelectrolytes (or polymers) are typically used in dewatering and coagulation processes.  Buchner funnel tests 
are a quick inexpensive method to monitor polymer dosage requirements or compare relative performance and 
cost of alternative chemical treatments. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) 

(Blasland, Bouck & Lee, Inc. [BBL], 2003); 

• Graph paper or software. 

• Applicable filtration equipment (to be specified by treatability laboratory). 

• Laboratory notebook. 
 
III. Health and Safety Considerations 
  
Refer to Revised HASP (BBL, 2003). 
 
IV. Determine Optimum Polymer Dose Procedure  
 
Polymers (and inorganic coagulants) typically exhibit an optimum dosage.  Below the optimum, performance 
increases with increasing dosage.  Near the optimum there may be a “plateau” where performance stays the 
same with increasing dosage, but beyond the optimum, performance falls off with increasing dosage. 
 
Buchner funnel or bench scale filter press tests can be used to find the optimum dosage for dewatering. 
 
1. Typically, four dosages can be used to find the optimum, if those dosages are below and above the optimum. 
 
2. Using the polymer solution concentration and the solids content of the dredge slurry material, each dosage 

in the bench scale  test can be expressed as mg polymer per g of dry solids.  For each dosage, test 
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SOP: Determine Optimum Polymer Dose 
Rev. #: 00 
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performance can be measured as time to generate 100 cc of filtrate from a 200 cc treated sample.  
Alternately, test performance can be measured as cc filtrate released in a pre-determined time interval, but 
all tests must use the same criterion. 

 
3. Plot dosage on the x-axis and performance (cc filtrate per minute) on the y-axis.  The dosages and results 

can show 1 of 3 patterns: 
 

a. Performance increases with dosage, peaks, then gets worse with increasing dose.  This is the 
desirable test result. 

b. Performance continues to increase with all dosages tested.  This result indicates that the 
optimum dosage has not been reached.  Additional tests should be conducted with higher 
dosages. 

c. Performance decreases with all increasing dosages.  This result indicates that all dosages are 
beyond the optimum.  Additional tests should be conducted with lower dosages.  It may be 
necessary to use a more dilute polymer solution concentration. 

 
4. After results are obtained below and above the optimum, plot all results and construct a curve through the 

points.  The practical optimum is on the lower “shoulder” just before the optimum plateau is reached. 
 
V. Mixing Sub Study Procedure 
 
The purpose of Mixing Sub Study test is to examine the sensitivity of the floc formed by a particular polymer to 
shearing conditions.  Conduct this test by following the steps below: 
 
1. Select a 500 cc sample and place on laboratory multiple place mixer (Jar Test Machine)  
 
2. Add the optimum polymer dose as determined previously and mix at 100 rpm for 3 minutes. 
 
3. Run a Buchner funnel test and/or bench-scale filter test on the sample . 
 
4. Compare these results to similar results from a low shear mixing test. 
 
VI. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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Primary Sedimentation Column Testing 
(USACE ERDC/EL TR-03-1) 
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Appendix B Column Settling Test and Effluent Elutriate Procedures      B9 
 

B.4 Column Settling Tests for Effluent TSS/Turbidity 
 

If turbidity or SS are identified as COCs, or if water quality standards (WQS) 
are specifically defined in terms of whole water (total) concentrations of COCs, 
settling tests are necessary to provide data for design or evaluation of disposal 
areas for retention of suspended solids and to compare to WQS (Figure B-2). 
These tests are designed to define the settling behavior of a particular sediment and 
to provide information concerning the volumes occupied by newly placed layers of 
dredged material. If WQS exist for turbidity, a sediment-specific correlation of 
suspended solids and turbidity must be developed (Thackston and Palermo 2000). 
 

Sedimentation of freshwater slurries (mixtures of sediment and water) of 
concentration less than 100 g/L can generally be characterized as flocculent 
settling. As slurry concentrations are increased, the sedimentation process may be 
characterized as a zone settling process, in which a clearly defined interface is 
formed between the clarified supernatant water and the more concentrated settled 
material. Zone settling also occurs when the sediment/water salinity is 
approximately 3 parts per thousand (ppt) or greater. Flocculent settling also 
describes the behavior of residual suspended solids in the clarified supernatant 
water above the sediment/water interface for slurries exhibiting an interface. The 
procedures described below define the sedimentation of suspended solids under 
flocculent settling conditions or above the settled material/water interface under 
zone setting conditions. The settling test procedures consist of withdrawing 
samples from the settling column at various depths and times and measuring the 
concentrations of suspended solids. Additional data should be collected from the 
column settling test for purposes of CDF design for initial storage and minimum 
surface area for a given inflow rate. These procedures are provided in Engineer 
Manual 1110-2-5027 (USACE 1987). 
 
B.4.1 Column settling test apparatus 
 

An 8-in.-diam settling column such as shown in Figure B-3 is used. The test 
column depth should approximate the effective settling depth of the proposed 
disposal area. A practical limit on the depth of the test is 6 ft. The column should 
be at least 8 in. in diameter with interchangeable sections and with sample ports at 
1/2-ft or closer intervals. 
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Figure B-2.  Schematic of the Long Tube Column Settling Test
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Figure B-3a.  Specifications and plan for Long Tube Settling Column
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Appendix B   Column Settling Test and Effluent Elutriate Procedures B13

B.4.2 Column settling test procedure

The following test procedure should be used:

Step 1. Mix the sediment slurry to a suspended solids concentration C equal to 
the expected concentration of the dredged material influent Ci.  The slurry should
be mixed in a container with sufficient volume to fill the test column.  Field studies 
indicate that for maintenance dredging of fine-grained material, the disposal 
concentration will average about 150 g/L.  This concentration should be used in the 
test if better data are not available.

Step 2. Pump or pour the slurry into the test column using compressed air or 
mechanical agitation to maintain a uniform concentration during the filling period. 

Step 3. When the slurry is completely mixed in the column, stop the 
compressed air or mechanical agitation and immediately draw off samples at each 
sample port and determine their suspended solids concentration.  Use the average 
of these values as the initial slurry concentration at the start of the test.  The test is 
initiated with the drawing of the first samples.

Step 4a. If an interface has not formed during the first day, flocculent settling 
is occurring in the entire slurry mass.  Allow the slurry to settle and withdraw 
samples from each sampling port at regular time intervals to determine the 
suspended solids concentrations.  Record the water surface height and time at the 
start of the sampling period.  Analyze each sample for total suspended solids.
Substantial reductions of suspended solids will occur during the early part of the 
test, but reductions will decrease with longer retention times.  Therefore, the 
intervals can be extended as the test progresses.  Recommended sampling intervals 
are 1, 2, 4, 6, 12, 24, 48 hr, etc., until the end of the test.  As a rule, a 50-m/L
sample should be taken from each port.  Continue the test until either an interface 
can be seen near the bottom of the column and the suspended solids concentration 
in the fluid above the interface is less than 1 g/L, or until the suspended solids 
concentrations in extracted samples shows no decrease.

Step 4b. If an interface forms the first day, zone settling is occurring in the 
slurry below the interface, and flocculent settling is occurring in the supernatant
water.  In this case, samples should be extracted from all side ports above the 
falling interface.  The first of these samples should be extracted immediately after 
(a) the interface has fallen sufficiently below the uppermost port to allow 
extraction, or (b) a sufficient sample can be withdrawn from the surface without 
disturbing the interface.  This sample can usually be extracted within a few hours 
after the beginning of the test.  Record the time of extraction, water surface height, 
and port height for each port sample taken and analyze each sample for suspended 
solids.  As the interface continues to fall, extract samples from all ports above the 
interface at regular time intervals.  As before, a suggested sequence of sampling 
intervals would be 1, 2, 4, 6, 12, 24, 48, 96 hr, etc.  The samples should continue to 
be taken until either the suspended solids concentration of the extracted samples 
shows no decrease or for a maximum time of 15 days.  For this case, the suspended
solids in the samples should be less than 1 g/L, and filtration will be required to 
determine the concentrations.  The data should be expressed in milligrams per liter 
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for these samples.  In reducing the data for this case, the concentration of the first 
port sample taken above the falling interface is considered the initial concentration.

B.5 References
Averett, D. E., Palermo, M. R., and Wade, R.  (1988).  “Verification of proce-
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Standard Operating Procedure:  
Bench-scale Pressure Filter Tests 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for the bench-scale pressure filter tests.  
These tests are part of treatability studies described in the Hudson River PCBs Superfund Site Treatability 
Studies Work Plan (TS Work Plan) (Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
Bench-scale pressure filter tests are used to simulate the performance of full scale facilities.  They are especially 
useful for evaluating chemical treatment programs or comparing the performance of different chemical 
treatment products. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) 

(Blasland, Bouck & Lee, Inc. [BBL], 2003); 

• 75 mm x 75 mm plate filter press (U.S. Filter, or similar- see attached diagram for example apparatus); 

• Compressed air source; and 

• Beakers. 

 
III. Health and Safety Considerations 
 
Refer to Revised HASP (BBL, 2003). 
 
IV. Procedure for the 75 mm Filter Press Tests 
 
Select filter media cloth and place it on both sides of the filter press chamber.  Close the chamber with the 
hydraulic closure hand pump.  Attach the feed connection from the pressure reservoir to the feed inlet of the 
filter housing. 
 
Apply polymer dose to 0.5 L of sediment sample and mix by pouring between beakers until full floc formation 
is observed.  Add the flocculated sample to the pressure reservoir of the bench scale filter press.  
 
Apply compressed air to the pressure reservoir and begin timer.  Measure filtrate volume at 1-minute intervals 
until filtration rate drops below 5 mL per min.  Release pressure and open filter housing.  Remove filter cake. 
 
Submit cake and filtrate samples for analyses indicated in the TS Work Plan. 
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V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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SOP – Cake Release Screening –  
Filter Leaf Tests (Perlmutter, 2003)
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(04/03) Test it Right
The appropriate testing procedlJres can help direct the selection of pressure or vacuum filtration equipment
and ensure optimum equipment operation
Barry A. Perlmutter
April 11,2003

Solid-liquid separation by pressure or vacuum, cake washing and drying are integral to producing a chemical or
pharmaceutical product or for fluid clarification and recovery. A number of competing technologies and options
can be employed to accomplish these steps, including nutsche filters, centrifuges, belt filters, filter presses,
pressure plate filters and others. This article concentrates on the testing of pressure or vacuum operations.
Centrifugation testing is conducted in a similar manner, generally using a bucket "bench-top" centrifuge to gather
data.

In solid-liquid separation systems, a wide variety of parameters influence performance. Evaluation and testing
procedures can help plants determine the effectiveness of a particular system. Parameters that can be evaluated
include partide size and shape, particle type, density, concentration, viscosity, cake height, pressure or vacuum,
filter media, batch or continuous operation, required production throughput and more.

Theoretical calculations of filtration performance (Darcy's Equation and other modeling techniques) are far from
easy, but can be useful. Creative problem-solving, however, continues to be a primary task of process engineers.
The selected internal or external filtration testing personnel must have the ability to combine theory and practice.

Pocket-leaf filter testing
Bench-top testing first must be used to narrow the gap between theory and practice and to begin the equipment
selection process. A useful bench-top filter system is a pressurized pocket-leaf filter (PLF), which resembles a
Buchner funnel. The figure shown on the next page illustrates a typical PLF unit.

The PLF shown has a filter area of 0.002 square meters (sq m) and consists of a pressure vessel (90 pounds per
square inch [psig] to full vacuum), a top cover with a pressure gauge and gas (or air) connection and a bottom
base for the filter media and filtrate outlet. The pressure vessel and base are jacketed and can be heated or
cooled with a heat-transfer medium. The filter media can be synthetic single-layer metal or multi-layer sintered
metal. The materials of construction are 316 Ti stainless steel, Hastelloy or polypropylene, and the fill volumes
range from 250 milliliters (ml) to 2,000 mi.

A number of items are required for accurate PLF testing, including:
.Material Safety Data Sheets (MSDSs) for all materials.
.4,000 ml to 8,000 ml of representative-quality feed material for each material to be tested.
.2,000 ml of wash material for each wash.
.A 1,000 ml to 4,000 ml closed container with mixer to use for the feed material before each run.
.Several 250 ml to 500 ml containers for the feed material, the filtrate, the fresh wash material and the wash
filtrates.
.Small containers for the filter cake.
.A gram scale.
.A vacuum oven or other technique to check the percent solids in the feed slurry, filtrate (mother liquor) and
wash filtrates, as well as the percent moisture in the filter cake by a Karl-Fischer analysis or other technique.
.Gloves and breathing equipment.
.A regulated air or gas supply that can be controlled at 90 psig.
.A flowmeter on the air or gas supply. The flowmeter allows the air or gas flow rate to be measured during the

drying step.
.A heat-transfer medium (hot oil, glycol, steam or cooling liquid).
.A vacuum source.
.A specific test apparatus to measure data such as pH, conductivity, particle size after completion of the testing
cycle, etc.

Representative Sample. The sample must be representative of what is to be found in the actual process,
including particle size distribution, particle shape, viscosity, temperature, etc.

Testing location and personnel. Several options are available for the testing location. The first option is the plant's
lab or pilot plant. This approach offers the best chance of a representative sample and provides easy access for
all process engineers involved in the project. However, testing often will conflict with the plant's production
requirements. Furthermore, time conflicts could exist, so it is important to determine who would conduct the
testing at the plant site -the plant's or the vendor's process engineers. If it is the vendor's engineer, then safety
training, laboratory access and other concerns must be addressed.

A second alternative is to conduct the tests at the vendor's laboratory using process materials produced at the
plant. This approach allows focused testing with little or no interruptions. In this case, it is important for the
process engineer(s) to evaluate the vendor's laboratory, as well as the vendor's process personnel who will be
conducting the tests. If possible, the plant's process engineer(s) should be invited to witness and help perform the
tests; they will be familiar with the "quirks" of the process and product.

PLF Unit

http://\\jww.chemicalprocessing.com/Web_FirstlCP .nsf/ ArticleID/CBOH -5LHLG7 / 10/2/2003
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A third alternative combines the first two approaches. Both the process reaction and the filtration tests are
performed in the vendor's laboratory. In this case, either the vendor or the plant process engineer(s) would supply
the necessary process chemicals to conduct the reactions and/or precipitations. The resulting slurry then would
be fed immediately to the PLF to begin the testing.

This approach offers benefits in that the sample is representative, the testing is focused, reaction/precipitation
parameters can be modified to improve the filtration results, and a holistic approach to testing is implemented.

~
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Table 1: Typ icallJata Collection Form to r P LF Tests

Source: BHS-FiitratiOn Inc.

1 ! Required data and data collection. The testing objectives could be to expand plant production, decrease cycle
times, maximize wash efficiencies or achieve another goal. Table 1 shows a typical data collection form that can

: be used for bench-top testing with the PLF unit. Table 2 illustrates the data about the process that are required,
slurry, washing media and, most importantly, the testing objectives.

http:// .chemicalprocessing.com/W eb_First/CP .nsf/ Articleill/CB -10/2/2003
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Testing procedures I
Pressure or vacuum filtration. The first optimization is the filtration rate. A premeasured amount of slurry is added
from the top. Pressure or vacuum filtration begins, and the amount of filtrate vs. time is recorded.

Parameters that are varied sequentially in this step include cake de~th, filtration pressure or vacuum and filter
media. For thin-cake filtration technologies. cake depths can vary between 5 millimeters (mm) and 25 mm.
Maximum cake thickness for the PLF unit is 150 mm.

Displacement washing. Displacement washing is performed after the filtration step is completed. A measured
amount of wash liquid is added carefully in a predetermined wash ratio so the cake is not disturbed. Once again,
pressure and time are measured. One or more wash tests can be conducted with the same or different wash
liquids.

Cake pressing. Several thin-cake technologies can perform cake pressing or squeezing. The PLF can simulate
this pressing procedure with a "pressing plug." The pressing plug is actuated by nitrogen pressure and squeezes
the cake onto filter media. This pressing can be conducted before, during or after the filtration, washing and
drying steps.

Drying. Product drying in the PLF is tested by blowing ambient-temperature or hot gas through the cake or via
vacuum. In addition, both the vessel jacket and base jacket are heated to simulate a production unit. The
pressure is kept constant, and gas throughput is measured vs. time. After a preselected drying time, the cake is
removed, and the cake depth and weight are determined. The cake then is analyzed for moisture content.
Several iterations are required.

Results and analysis. Once testing is completed, the vendor's proce$s engineers analyze the data to recommend
one or more filtration technologies. The test report includes an exeCliltive summary, test objectives, test methods
and facilities, test data (in table form), test results (in written and graphical form, including filtration and drying
curves), recommendation of production equipment and scale-up and any other recommendations and "path-
forward" action steps.

Based on the PLF tests and recommendations, pilot-scale tests can ibe conducted. These tests should most often
be conducted at the plant site using actual feed material from the reactor, as well as the actual washing and
drying media, operating conditions, etc.

It is also important for the plant to ensure the same vendor engineer:who conducted the PLF tests conducts the
pilot tests. The testing procedure and testing "tricks" employed on the bench-top, therefore, also will be employed
in the pilot testing. !

~
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Table 2: Appl:icationProcess Data Information

Conclusions
Currently, the most efficient approach to selecting and/or optimizing pressure or vacuum filtration system is to
use a PLF unit. With assistance and process support from the vend r and accurate data from the testing -
combined with filtration theory and experience -proper selection, s Ie-up, optimization and process
guarantees can be realized.

Perlmutter is president and managing director of BHS-Filtration Inc., Charlotte, N. C. Contact him at

barry.perlmutter@ bhs-fi/tration.com.
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SOP – Plate and Frame Filter Test 
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Standard Operating Procedure:  
Plate and Frame Filter Tests 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for the plate and frame (P&F) filter tests.  
These tests are part of treatability studies described in the Hudson River PCBs Superfund Site Treatability 
Studies Work Plan (TS Work Plan) (Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
The main purpose of the plate and frame filter tests is to develop sizing data for full-scale facilities.  The pilot 
study is also intended to demonstrate performance characteristics such as filtrate quality and cake dryness.  
Polymer performance is expected to have a major impact on system operations.  Successful operating of a 
dewatering system is often a direct result of the operator’s skill in reacting to changes in solids loadings and 
responding with corresponding modifications to polymer dosages. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) 

(Blasland, Bouck & Lee, Inc. [BBL], 2003); 

• 250 mm pilot plate and frame filter press (U.S. Filter, or similar) with 100 psig pump; and 

• Feed tank, 100 L,, or 55-gal drum, with variable-speed mixer. 

 
III. Health and Safety Considerations 
 
Refer to Revised HASP (BBL, 2003). 
 
IV. Procedure for the 250 mm Plate & Frame Filter Tests 
 
1. P&F Filter Test 
 
Select polymer and optimum dosage (mg polymer per Kg solids) from bench-scale filter press tests.  Apply 
polymer dosage to the feed tank, with mixing at velocity gradient, G, of 50 to 200 sec-1.  After floc is formed, 
slow the mixer to G of 50 /sec or minimum sufficient to maintain a uniform slurry concentration. 
 
Select filter cloth media based on previous results of the filter leaf testing and/or bench-scale filter press.  
Different filter cloths can also be tested on the filter press. 
 
Follow the supplier’s operational summary (US Filter, attached), to start the feed, monitor pressure and filtration 
rate, stop the feed, open the press, and discharge cake. 
 
Submit cake and filtrate samples for analyses indicated in the TS Work Plan. 
 
2. Cake Solids vs. Time Sub-Study Tests 
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In this series of tests, the filtration run is intentionally terminated early to observe the cake solids and 
acceptability for landfilling.  If slightly wetter cake is still acceptable for landfilling, there may be opportunities 
for smaller or fewer presses.   Repeat pressure filtration runs for samples indicated in the TS Work Plan using 
the procedures described above. 
 
3. High Volume P&F Runs for Column/MMF Feed 
 
The main purpose of this series of runs is to produce sufficient volumes of filtrate for subsequent testing of 
multimedia filter columns and pilot carbon adsorbers.  Total feed slurry from 200 to 500 L (53 to 130 gal) will 
be required.  The 55-gal feed tank will need to be recharged and treated with polymer for each recharge.  Repeat 
pressure filtration runs for samples indicated in the TS Work Plan using the procedures described above. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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Dewatering Systems   
 
 
 

 
250mm PILOT  FILTER PRESS OPERATIONAL SUMMARY 

 
                      

1. Close press making sure no cloths are folded over. 
 

2. Clamp press to 6,000 psig. 
 

3. Start slurry feed pump at 25 psig.  
 

4. As the pump slows down, increase the slurry feed pump pressure 25 psig . Continue to do this until 
the maximum pressure is achieved (not to exceed 100 psig).  

 
5. Stop the pump when there is 20-45 seconds between strokes or when the terminal flow rate is 

reached. 
 

6. Close the valve on the center feed. 
 

7. Perform a 40 psig air blowdown of the filter cake from the top left connection on the manifold for 
ten minutes. All valves are closed except for the bottom right valve. Measure the total volume of 
liquid discharged during the air blowdown. 

 
8. Open the press and drop the cakes into the cake pan.  

 
9. Weigh the cake. 

 
 
Test Slurry for:   Total suspended solids (mg/l) 
Test Cake for:    Total Solids (% by wt.) 

 
Record, at a minimum, the following information during the test on the Press Field Record Sheet: 
 

Slurry Solids Concentration (mg/l) 
Slurry Temperature 
Filtrate out vs Time and Pressure 
Total Air Blowdown Time 
Total Air Blowdown Water Out 
Weight of Filter Cake 
Cake Thickness 
Solids Concentration of the Filter Cake.  

2155 112TH AVENUE 
HOLLAND, MI 49424                  

TEL 616 772-9011 
FAX 616 772-4516 
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Standard Operating Procedure:  
Laboratory Centrifuge Tests 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for the laboratory centrifuge tests.  These 
tests are part of treatability studies described in the Hudson River PCBs Superfund Site Treatability Studies 
Work Plan (TS Work Plan, December 2003). 
 
Centrifuges are not commonly used to dewater dredged sediments.  However, they may be cost-effective for 
some sediment environments and they are retained as an alternative dewatering process.  Centrifuge screening 
tests will be conducted on hydraulically dredged or mechanically dredged, but hydraulically unloaded dredged 
material slurry simulations. 
 
Filter press feed simulations (H1S4, H2S3, and H2S4) , presented on Table 2 of the TS Work Plan, and 2 
polymer treatment conditions will be screened using a laboratory centrifuge capable of handling at least 0.5-liter 
volumes.  A laboratory centrifuge is not sufficient to develop full-scale performance or design conditions; 
however, centrate residual suspended solids and cake moisture content can be compared to filter press or belt 
press results.   
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) 

(Blasland, Bouck & Lee, Inc. [BBL], 2003); and 

• Laboratory centrifuge capable of handling 0.5-liter test volumes. 

 
III. Health and Safety Considerations 
 
Refer to Revised HASP (BBL, 2003). 
 
IV. Procedure for Laboratory Centrifuge Tests 
 
Review the results of polymer screening and optimization tests for belt press and plate & frame filter press 
applications.  Based on those results, and in consultation with centrifuge and polymer vendors, select four 
polymer doses (mg polymer per Kg of solids) to test in the laboratory centrifuge screening tests.  Include a 
control sample with no polymer added. 
 
Apply measured polymer doses to 500-ml samples of simulated dredge slurry in 1-liter beakers on a multiple 
place stirrer with 1 in. x 3 in. paddle.  Polymer samples should all be diluted to the same volume (25 mL) with 
water before dosing the sediment; this same volume should be added to the control sample.  Stir at rotational 
speed of 40 to 60 rpm, corresponding to the velocity gradient, G, of 50 to 100 /sec.  Maintain mixing for 5 
minutes or modify mixing conditions based on observations of floc formation and/or shear.  Note final mixing 
conditions used in testing. 
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Following flocculation, place samples in centrifuge tubes and place in the laboratory centrifuge.  Follow 
centrifuge manufacturer’s instructions and step up to 3,500 rpm.  Hold this speed for 15 minutes, then follow the 
manufacturer’s shutdown procedures. 
 
Decant centrate and measure decanted centrate volume.  Submit centrate for analysis of: 
 
• PCB (GEHR Modified Method 8082); and 

• TSS (USEPA 160.2). 

 
Remove centrifuge cakes.  Based on centrate clarity, select cake corresponding to optimum dosage and submit 
this cake sample for analysis of: 
 
• PCB (GEHR Modified Method 8082); and 

• Water content (USEPA 160.3). 

 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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Standard Operating Procedure:  
Mixing Energy Study 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedures for conducting Mixing Energy Studies for use 
in treatability studies, as described in the Treatability Studies Work Plan (TS Work Plan) (Blasland, Bouck & 
Lee, Inc. [BBL], 2003). 
 
During processing of Hudson River dredged material, it may be necessary to store dredged slurries for various 
reasons.  Storage may be necessary to equalize dredged volumes that are dredged and treated at different rates 
and durations.  Storage may also be necessary to allow dredging to proceed during processing facility 
downtimes.  Upon storage, dense sediment particles will settle and compact, making it difficult to move them to 
subsequent treatment processes.  Either the particulates must be slurried for removal or they must be removed as 
a denser sediment. 
 
Equalization/holding facilities and mixer design will be based on anticipated dredged material properties, such 
as solids concentrations , specific gravity, and particle size distribution.  The Mixing Energy Study is intended to 
provide verification of equipment supplier recommendations or calibration points for design calculations. 
 
Mixing energy is usually defined by the velocity gradient, G, expressed as sec-1, as originally proposed by Camp 
and Stein in  1943.  Velocity gradient can be calculated from measuring or estimating mixer horsepower 
imparted.  Velocity gradient can also be estimated from curves prepared for specific tank or conta iner 
configurations, baffles, and impeller shapes.   
 
Specific dredged slurry simulations to be used in the mixing energy study are presented in Table 2 of the TS 
Work Plan. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) (BBL, 

2003); 

• Multiple-place stirrer and 2-L containers (beakers or square dimensions, with or without baffles); 

• 55-gallon drums and variable-speed mixers and motors; 

• 25-mL pipettes and vacuum bulbs; and 

• Laboratory notebook. 
 
III. Health and Safety Considerations 
  
Refer to the Revised HASP (BBL, 2003). 
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IV. Mixing Energy Study Procedure 
 
In this test, slurry samples are subjected to mixing conditions that can be quantified by calculating velocity 
gradient, G, expressed as sec-1.  For each test, samples from near the surface are withdrawn and analyzed for 
suspended solids content.  This measurement is compared to suspended solids content in a thoroughly mixed 
sample. 
 
The procedures for conducting a Mixing Energy Study are described below: 
 
1. Select five dredge slurry simulations for Mixing Energy Study, as shown on line for DQO 4b. (5) and DQO 

4c. (5) of Table 2 in the TS Work Plan. 
 
2. Thoroughly mix dredge slurry simulations and place 2 L of each in a 2L beaker.  Also take a 25-mL sample 

of each mixed dredge slurry simulation to measure initial suspended solids concentration. 
 
3. Place containers on multiple-place stirrer with blades configured as shown in Figure 3 (Lai et al., 1975). 
 
4. Stir at speeds corresponding to mixing intensity, G, of 200, 500, and 1,000 sec-1.  At each speed, acquire a 

sample from beneath the surface at a depth of 20% of the full water depth of the container at a distance of 
50% of the container radius.  Label and submit each sample for measurement of suspended solids. 

 
5. Repeat two samples at one mixing intensity to determine reproducibility.  Label and submit each sample for 

measurement of suspended solids. 
 
6. Select one sample for larger-scale  confirmation testing.  Place 40 gallons of dredge slurry simulation in a 

55-gallon drum with a variable -speed mixer at known energy consumption. 
 
7. Stir at speeds corresponding to mixing intensity, G, of 200, 500, and 1,000 sec-1.  At each speed, acquire one 

sample from beneath the surface at a depth of 20% of the full water depth of the drum, and at a distance of 
50% of the drum radius.  Label and submit each sample for measurement of suspended solids. 

 
For each test result calculate ct/co % of fully-mixed (initial) suspended solids concentration.  Plot these 
calculated results vs. velocity gradient, G. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
 
Camp, T.R. and P.C. Stein.  Velocity Gradient and Internal Work in Fluid Motion.  Journal of the Boston 
Society of Civil Engineers, 30, 219, 1943. 
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During a study to determine mixing intensity, four groups
01 jars-test systems were utilized and mean velocity
gradient, turbulent gross drag coefficient, and Reynolds
and Power numbers were calculated. It was concluded
Ihatthe same G, or mean velocity gradient, values could
be produced by impellers of different shapes as long as
projected areas were the same.

The jar-test procedure is widely used to simulate the water-pre-
treatment process in the laboratory to produce data for process
control. yet few carefully controlled jar-test techniques are found
in related literature. Jar-rcsting has depended upon the approach
of each in\"estigator.'-'Ho\\"e\"cr. the interpretation ofjar-tcst data
must be founded on unvarying and well-calibrated techniques if
they are to be quantitatively meaningful. One of the important
variables in the procedure is the mixing intensity, which is related
to the rotational speed and the configuration of the agitator as

as the geometry of the mixing vessel.
he purpose of this study was to determine the mixing

intensity, expressed as the mean velocity gradient "G,"
throughout the applicable speed range, using various jar-test
configurations. The resulting data should prove useful for appli-
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cation of laboratory data to water-treatment-plant design.
Camp' has called attention to the facts that (I) the fluid

condition in full-scale plant mixing and flocculation basins is
always turbulent, even when G values are relatively low; and (2)
at speeds commonly used in jar-test machines. laminar flow
conditions may occur. One object of this study was to evaluate the
minimum threshold ~peed~ above which turbulence always occurs
in jar-testing.

Camp and Stein' appLied Stokes' theory" to relate the total
energy input to what they called a root-mean-square velocity
gradient G (Stokes' theory' states that the velocity'gradient equals
the square root of energy dissipation at a point, divided by the
absolute viscosity of the fluid): '

[G=. ~ =1:] (I)
where W = dissipation function = power loss per unit

volume of fluid
Il = absolute viscosity of the fluid

The value of II' depcnds upon the geometry of the stators,
rotors, and containers and upon the speed of the rotors. Accurate
values of ~' can be determined best by measurement of the torque
input to the liquid at various speeds and temperature:, 2f1ST

]LW= V (2)

in which S IS the measured rotor speed in rps, T is the measured
torque input, and V is the liquid ,volume. Once the torque is
determined, the value of W can be calculated.

By extensive experiments with hydrous ferric oxide floc, Camp'
demonstrated that the floc size and volume concentration may be
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TABLE I
Impeller Characteristics

Ui"mcter
O-cm

76

50-
~.O

.1.2.
72

Projected Area.a-c.,'
175

45
2~

2~~
18.4

glad.: Type

2-hlade roddie'
:I-hlade pr"pcllcrt
2.hl"uc pilchcd paddlc
2-hl"uc p"dulct
2-hl"uc paddlcfi 10

(:J
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.TABLE 2
Comparison olG Values 01 100 rpm
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140
120
70
54
21
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varied over a wide range by changing values of G. The value of G.
then, was shown to be an important parameter in coagulation and
flocculation processes.

Camp also defined two dimensionless gross drag coefficiems in
mixing tanks." ~o~[~IIY turbule!J.! ~ow. the~~~i~_tjQ!!.i!t!l<;;!i!J,n

~~ 1~4_pa C,.i",~here 124is(277)1/4,~isthema~sde!:!~itYQf
the Ii uid a is the ro.ected area of the rotor blades. and C ~
turbulent ross dra coefficient determined b the eome!,!:uL
~e system_- For laminar ow, = 4.92." Cs" where 4.92 is
(277)"/8 and c';iStneviscous gross~dr~g cocffiCl~ntdetermined by
the geometry of the systell1. Since W = G"14 in turbulent flow

(3)G! = K,C,s'

where

K, = 124 ~
p.

In laminar flow
G' = K,C.s' (4)

where K. = 4.92

C,and C" values can be calculated using G and s values from G
vs s diagrams.

Because of the complex fluid motion in a mixing tank, another

approach utilizing pure power consumption was developed.o-'I!
This approach has been used in the chemical industry. Three

dimensionless groups. namely

D'spReynolds number Nn. = p (5)

DrFroude number N,., = -
I g (6)

Power number PgrN. =
(7)

-
pr'D'

are useful herc. D is impeller diameter. P is power. and g is

gravitational accelcration. N". represcnts the ratio or inertial

forces to gravilational forces.. Np was considered as a drag

cocfficient or rriction factor. For a rully baffled tank. N.., becomes

unimportant and drops out."o" By plotting N" vs N". in log-log

rorm. one is able to show the power required to turn an impeller at

any speed in any environnlent.

Experimental Procedures

-Tile torljue measurements \\'ere perrormed using Ihe test

setup depicted in Fig, I, A 2-1 beaker was hung by a 0.3-cm-OD

copper wire attached to the ceiling. T\\'o long steel wircs. O.05-cm

00. were attached to the beaker al points A and B rrom points E

and F. respectively. in order to kcep the bealer rrom vibrating. A

short. thin. strong cotton tllread BC. perpendicular to the stcel

\"ire BF. was attached to point B. A second thread that formed a

45-dcg ;Ingle to thread BC \V;IS ;Itt.lchcd 10 point C alone enu and

to a stanu on the other. The 45-l.leg angle W,IS con\'cnient for Ihc

rorce balance al point C. During cach measurcment the anglc

tcnded 10 change slightly bec,Iuse or the telJsil.Jn in the thrcads.

This was corrected bya fine adjusting screw H on the hl.)ttom of

one side of the stand. The difference between two weights thilt

maintained the balance on the scale pans was the force (in grams)

f rhe torque resulting from the rotation of the rotor. The torque

rm. R. was measured bctween AE and BC and found to be

, constant at 7.0 cm. Thc temperature of the water was determined

, at the time of each torque measurement. The initial force without
I any rotor rotation was close to Zero and was kept constant at I g
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by adjusting the screw H. This value was substracted from every
force measured thereafter. Force values measured in this study
ranged from I to 120 g. The revolution of the rotor was measured
by a tachometer at low speed and by a stroboscopic light* at high
speed. .

Once the torque was measured, Wwas calculated. From known'
values for the viscosity of water at the temperature of the
experiment and the valve of W, G values were calculated. Values
of C, and C,. were calculated using Eq (3.4). Reynolds numbers
and Power number~ were calculated by using Eq (10,7). Note that
p<)wer P = dissipation function W times the v.olumeof the liquid

(2000 cm'). The model. type, diameter and projected area of
blades are ~hown in Table I and Fig. 2.

Results and Discussions

The first setup tested (series A) made use of a 2-1 beaker
without baffles. The rotors used were a paddlet, a small three-
blade marine-type mixingpropellert and small pitched two-blade
paddles. t The only other difference was the distance of the paddle
from the ves~el bottom. The impeller dimensions, distance of

impeller above the vessel bottom together with their G values are
shown in Fig. 3.11!~~urves had slop.<;~~?!:.~~~ at rD!l1~.2.Q.. It can
be ~een that the fir.~t model had higher G values than either the
second or the third. However, the G value~ were slightly lower
than those obtained by Camp' (Fig. I). I.!.~~i\~.-<:>_bserved. al~~ili_~1.
the distance of the n\lcl.1ed bh~ (thi~d and fo~rth n12!1.~ls) ~e

t~~~lloW:d_i!.!.lJillit~alJ~e_the G v3111C in the lest ranGe for ~
clearance~ of 4.1 cm and 8.76 cm.

~
The ~econd configurations tested (series B) involved a beaker

with 4 long baffles. I cm x 17 cm. extended from top to bottom.

separated 90deg each with a paddle.:!: a propeller.:!: and a pitched
paddle.:!: Thi~ type of baffling is commonly used in the chemical
industry. For thc experiment. the baffles were made of acrylic and
attached to the beakcrwith cement (see Fig. 4). Again. the paddle
yielded higher values than the pitched-blade impellers. The slopes
of the curves were 3/2 in the test range.

The third configuralions tested (serics c) involved a 2-1 beaker
\\'ith three sets of twin rectangular baffles (3.8 cm x 1.9 cm). The
beaker configuration was identical to the one used by Camp" (Fig.
I) except for the method of stator attachment. In Camp's
experiments the stators were attached to a metal framework and
placed in the beaker. This left some void space between stators
and the beaker. As in ~he second configuration, the stators were
cemented directly to the beaker.

The fourth configuration tested (series 0) used a 2-1 beaker
with ~ix 3 x 3-cm baffles similar to those used by Camp". Again.
the bames were attached by cementing. Figure' 5 shows the
dimen~ions of the systen~s. Figure 6 show~ the G values obtained.
The curves had slopes of 3/2 in the test range. The two di/ferent
~hapes of baffles resulted in the G values of all three systems. i.e..
C-I = 0-1: C-2 = 0-2: C-3 = 0-3. However. the G values

of C~ I (or 0-1) were much higher than that from the other two
~ystcm~. The data ~ho\\' that the quadruple and triple bame~ had
the ~amc el1cct. A compari~on of Fig. 4. 6 :tl~o reveal~ that the G
value~ for B-1 in Fig. 4 were the same as 0-1 in Fig. 6. This
nlcan~ that the long bamcs had the same effect as either the
rectangular or square baffles.

Thc last two setups tc~tcd were ~erics E-I and F-I which
utilized a magnetic-drive jar tester.§ £-1 had no stators, whereas
F-I had three-blade.stators.

-~

'SrROROTA('. (;o:n"r,,1 R"di" l"t, ("'",,"rd M""
tM",'"I, A.I A.2. A.J \.4. r""",C:li\"I~: I'hirr' & lIird Ric:hm"nd. Va
~~1".J"I, R.I. B2 and R.3. rO:'I"'C:livo:I~: I'hirr' & Bird
ff.n"irn"...o:ntal Sr«ialti... a Di" or Waler and Air Ro:,o:arc:h. 1"0:. Gai"o:",ille. Fla
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p
--'--.
124 pa.r'V

Comparison 01 Np and C,

From definitions of N I' and C"

Pg.. WN ---, C --r = pi'D' I = 124 pas

il can bc shown that

N~ = 124
C

I

=

aVg.
D'

Thus the ratio of N"IC,. is constant for specific systems. From Fig
g (C, vs S).the data plotted in Fig. 9 (N" vs Nit..) can be calculated
so that one could compare those particular values with literature
values.

! Figurc 7 ~ho\\'~ thc configuration anti (i value~ or thcse ~ystem~.

The curvc~ have slope~ of 3/2 al hi~her rpm. j:or r:--1 Ihe slope

ehangeu to 1 nl45 rplH nnu helow. r=or E--I the poinl or inflexion. occurreu at 75 rpm.

('omparison of I'.ig. 6. 7 reveal~ that the G ~alues for F -I were

almos~ a~ high ,I~ B- r. 1:-1: ,~Ithough it yielueu lo\~'er G values

Ihan f--I. genernteu more mixing (hall the small marine type anti

pitched-hlade paddles with baffles. t\hove 75 rpm I:~ I valuc~
coincidcu wilh Camp's dala for padulcs \\ithout ~Intor.*

i For comparison. (he G values al 100 rpm for each model have

been li~leu in Tablc 2.

II is inlerc~!in 10 nole Ihat lhe marine-I. e 1ro eller and (he

i r ellers had lhe same G for three uilfercnt baffle

cQlLfigura~-
The C re~ulls \\ere calculnleu anti nre sho\\n in Fig. 8. Thcy,

were similar in ~hape to lhose from Camp'~ data' (Fig. 3'-6). C,

was approximalery con~tanl in the higher rpm. r=m each ~elUr.

there was a rolatioll;ll spceu helow which C, increased as the speed

was decreased. When C( is constanl. from Eq (3)

G' ~ K,p!"' (8)

where K" = K,c,. so log c,' log vs log .f h;ls a sJope of 3/2.

..-jgure 8 also shows that the in.,;tallation of baffles increases the
turbulent drag coefficicnt.,; for various impeller speeds.

Computations of Impeller Characteristics

One may supposc it was desired to find the projccted area of a
marine-type propeller to achieve the samc G values as C -1* (sce
Fig. 5. 6). From the definition of C, and the G and W correlations.
v/! = 124/1 C,s'o. that is

Minimum Threshold Speeds

TI~c curves of Cr. illustrated in Fig. 8 are based on fully
turbulent drag which is assumcd to be proportional to the square
of velocity.' The proportionality does not hold except where the
curves are nearly horizontal.

The minimum threshold speed above which turbulence always
results can be seen from Fig. 8 to be, in general, about 100 rpm for
each unbamed system.

For the paddle with baming.* the minimum is approximately
40-50 rpm and for the other paddlet is about 70-80 rpm wi!h
bames.

Conclusions.
Four groups of jars-test systems were studied. The torques w.ere

measured as functions of system geometry and rotor velocity..
Values for G, Ct, N,IP and N" were calculated. Although f1ow

patterns may he dill"erent. il!!rel!ersof different sha~es I2r~1!.£s.
thc S' I e values as Ion' ..

This is in agreemcnt with Camp's conclusions.' It was observed
that varialion of the distance f the im cllers from the aker

~)ttom in unbag1~g j;!rsdi~_not £b~!!~et~e energyi!!~!;!,t.
The in~ta!la!.!~~n of haft!cs incr~~s!;~_!b~__t:_f!;'~5J:.iOE-1,!1.;. ho~

all full baffled 'ars have the same ener in ut re ardless of
hame size or ~eometry with a given size and shi!~L1he
ImpeTIer:-- -

G'fJaCr = i24-;~

From Fig. 6 (l:urve C--I). \\'hen rrm = 130, G = 200 s "
assuming water temperature or 25Cso that JL = Icp = I X 10 :! g
em's I and p = Ig cm " then

G'paC, = 1 24-;\' , =O.316cm'

Now. since the C, vs rpm curve [(lr thi1; "unknown propeller is

not available. one may utilize thc C-2 and 0-2 curve (Ihrec-

blade murinc-typc propcllcr ,,'ilh 4.5 cm.' pro.icctcd area), /-'igurc 8
(curve C -2 and 0-2) !iho\"!i Ihal "hcn.\" = 130 min ' = 13/6 s "
C, .,. 1.8 X 1.0 " hcncc

~

This valuc cnrrcsronds vcry closcly to !hc rrojcctcd arc,) or th.:

paddle:. 17.5 cm (scc Tal1lc I). .!hi~ ~~:Implc vcrifict!C,21!ln'l

conclusion' that im )cllcrs )rodlll:c Ihc samc mc, n~:.I:I()ril~-~r".

~nt G as~~§~s~~~:y havc the same rrojeclcd areas.--

Energy Input Into the Jar

The energ~ input at different rotational ~rceds in mixing is

usually expressed b~.. ph-,tting N"" vs N". Thi~ plot for A-I and

B-1. i.e.. C-I or D~I (Fig. 9} ~ho\\'~ that there i!' a c('ln!'!..nt

energy incrcase into the jar bccallsc of installation of bal11cs.

Similarly for magnetic-drive jar tcstcrs. F-'~ I had higher energy

,aputthan E-I even though F--I had a slightly smaller rotor (Fig.

_Figure 9 als? sho\\'s the imp.:ller po\vcr corrclations Il)r various

systems.
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SOP – Multimedia Filter Tests 
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Standard Operating Procedure:  
Multimedia Filter Tests 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedure for performing Multimedia Filter Tests as part 
of treatability studies described in the Hudson River PCBs Superfund Site Treatability Studies Work Plan (TS 
Work Plan) (Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
Hudson River dredged material may be transported hydraulically to land-based processing facilities, where they 
would be desanded (particle size separation) and the slurry of finer particulates would be dewatered, likely using 
a plate and frame filter press, belt press, or centrifuge.  The filtrate (or centrate) from the dewatering operations 
would need additional treatment (water treatment) prior to discharge. 
 
Multimedia filtration would likely be used for additional solids removal following flocculation and gravity 
settling.  Multimedia filters use media of different sizes and densities so that after hydraulic classification 
(backwashing) they have coarser media above finer media, so solids removals occur deeper in the bed, rather 
than the top surface, as in single -media filters.  A common configuration, used here, is the dual-media filter with 
anthracite above sand. 
 
The primary objective of water filtration tests is to demonstrate the PCB removals and effluent quality that can 
be expected following multimedia filtration at typical design loading conditions (2 to 8 gpm/ft2). Quantities of 
filter press filtrates will be generated from several hydraulically dredged material simulations to represent the 
range of PCB concentrations that may be expected during dredging operations.   
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) (BBL, 

2003); 

• Lexan or glass column, 4-inches diameter x 8-feet high; 

• Gravel/coarse sand underdrain; 

• Filter sand, 0.45 to 0.55 mm effective size, 24-inch bed depth. 

• Anthracite, 1.5 to 2 millimeters (mm) effective size, 24-inch bed depth; 

• Feed pump: 0.1 to 1 gallons per minute (gpm) positive displacement; 

• Sample containers; and 

• Laboratory notebook. 
 
III. Health and Safety Considerations 
  
Refer to the Revised HASP (BBL, 2003). 
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SOP: Pilot Multimedia Filter Tests 
Rev. #:  00 
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IV. Multimedia Filter Test Procedure 
 
Procedures for the Pilot Multimedia Filter Test are described below: 
 
1. The filter column will be backwashed to a 2:1 expansion volume before each hydraulically dredged material 

simulation feed at the three filter loading rates. 
 
2. Each of the settled water samples will be fed at hydraulic loading rates of 2, 6, and 10 gpm per square foot 

(sq ft).  For a 4-inch-diameter column, these loadings are attained at flow rates of 0.17, 0.52, and 0.87 gpm.  
Check feed rate by volumetric measurement of effluent with timer. 

 
3. Samples of influent and effluent will be obtained after filtration of 10 bed volumes (100 L or 26 gallons) at 

each hydraulic loading rate.   
 
4. Aliquots of feed and filtered samples will be analyzed for parameters listed in Table 2 of the TS Work Plan. 
 
Note:  The principal purpose of these tests is to confirm attainable removal rates for various constituents from a 
variety of simulated and treated dredge slurries.  The run lengths are abbreviated and are not expected to 
terminate because of headloss.  Pressures and headlosses are not monitored.  Specific captures of contaminants 
(pounds per sq. ft. per run) are not calculated. 
 
V. References 
 

BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund 
Site.  Prepared for General Electric Company, Albany, NY.  
 



 
 

 
 

Appendix 18 
 

SOP – Rapid Small-scale Column Tests 
(Crittenden et al., 1991)

























 
 

 
 

Appendix 19 
 

SOP –Carbon Column (GAC) 
 



SOP: Carbon Column (GAC) Tests 
Rev. #: 00 

Rev Date: December 16, 2003 
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Standard Operating Procedure:  
Carbon Column (GAC)  
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedure for performing Carbon Column (GAC) Tests 
as part of treatability studies described in the Hudson River PCBs Superfund Site Treatability Studies Work Plan 
(TS Work Plan) (Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
Hudson River dredged material may be transported to land-based processing facilities, where aqueous streams 
would need treatment prior to discharge.  Granular activated carbon (GAC) would likely be used for final 
polishing of treated water. 
 
The primary objective of the Carbon Column (GAC) tests is to demonstrate the PCB removals and effluent 
quality that can be expected following GAC treatment at typical design loading conditions of 20 to 40 minutes 
empty bed contact times (EBCT). GAC feed streams will be generated from treatment of several dredged 
material slurry simulations to represent the range of PCB concentrations that may be expected during dredging 
operations.   
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan [Revised HASP]) (BBL, 

2003); 

• Two Lexan or glass columns, 4-inches diameter x 6-feet high, piped in series; 

• Gravel/coarse sand underdrain; 

• Activated carbon, 36-inch bed depth. 

• Feed pump: 0.1 to 1 gallons per minute (gpm) positive displacement; 

• Sample containers; and 

• Laboratory notebook. 
 
III. Health and Safety Considerations 
  
Refer to the Revised HASP (BBL, 2003). 
 
IV. Carbon Column (GAC) Test Procedure 
 
Procedures for the GAC column tests are described below: 
 
1. The GAC columns will be backwashed to a 1.5:1 expansion volume before each hydraulically dredged 

material simulation feed at the three GAC loading rates. 
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2. Each of the MMF filtered water samples will be fed at empty-bed contact times (EBCTs) of 60, 20, and 12 
minutes, corresponding to upstream MMF loadings of 2, 6, and 10 gpm per square foot (sq ft).  For a 4-inch-
diameter column, these loadings are attained at flow rates of 0.17, 0.52, and 0.87 gpm.  Check feed rate by 
volumetric measurement of effluent with timer.  The second carbon column in series will represent EBCT 
loadings of 120, 40, and 24 minutes, respectively. 

 
3. Samples of influent and effluent will be obtained after filtration of 10 bed volumes (100 L or 26 gallons) at 

each hydraulic loading rate.   
 
4. Aliquots of feed and filtered samples will be analyzed for parameters listed in Table 2 of the TS Work Plan. 
 
Note:  The principal purpose of these tests is to confirm attainable removal rates for various constituents from a 
variety of simulated and treated dredged material slurries.  The run lengths are abbreviated and are not expected 
to terminate because of treated constituent breakthrough.  Pressures and headlosses are not monitored.    
Adsorption capacity and bed life will be estimated using Rapid Small-scale Column Tests (RSSCTs), described 
in a separate SOP. 
 
V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY.  
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Standard Operating Procedure:  
Storage/Transport Study 
 
I. Scope and Application 
 
This standard operating procedure (SOP) describes the procedure for the storage/transport study for 
stabilized/solidified sediments.  These tests are part of treatability studies described in the Hudson River PCBs 
Superfund Site Treatability Studies Work Plan (TS Work Plan) (Blasland, Bouck & Lee, Inc. [BBL], 2003). 
 
The purpose of stabilization/solidification is to prevent transport of contaminants from the solids matrix and to 
produce a material with physical properties compatible with landfill disposal.  The purpose of this study is to 
simulate motion similar to that which might be imparted during transport of stabilized/solidified sediments to a 
landfill destination.  The transport-simulated samples will then be examined and tested for free water. 
 
II. Equipment List 
 
The following materials, as required, will be available during this procedure: 
 
• Health and safety equipment (as required in the Revised Health and Safety Plan [Revised HASP]) (Blasland, 

Bouck & Lee, Inc. [BBL], 2003); 

• Lexan tubing: 3-in. inside diameter by 24 inches; and 

• Laboratory shaker with variable control. 

 
III. Health and Safety Considerations 
 
Refer to Revised HASP (BBL, 2003). 
 
IV. Procedure for Storage/Transport Study 
 
Select control samples of M1 (mechanical dredged sediment simulation) sediment which have not received any 
stabilization/solidification treatment.  Select stabilized/solidified sediment samples which have cured for a 
period of at least 3 days.  Select samples of filter press cake from treatment of hydraulic-transport sediment 
slurry. 
 
Prepare 24-inch sections of Lexan tubing by sealing one end.  Place approximately 2 Kg of each sample into the 
Lexan tubing by filling to a depth of approximately 18 inches.  Tap lightly, then mark and record the sediment 
depth in each tube.  Seal the upper end of the tube to prevent desiccation. 
 
Bundle the tubes and place them upright in the shaker.  Secure the bundle to the shaker.  Set the shaker to a 
rotation speed of 60 rpm.  Continue slow shaking for a duration of 5 days. 
 
After the simulated transit period, remove the tubes from the shaker.  Allow the tubes to stand undisturbed for 2 
to 4 hours.  After that time observe the sediment surface of each tube.  Mark and measure the sediment surface 
in each tube.  Note and measure any stratification or liquid accumulation on the surface or the bottom.  Submit 
samples for Paint Filter test (see separate SOP). 
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V. References 
 
BBL. 2003. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
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SOP: Decontamination Procedcures 
Rev. #:  01 

Rev Date:  February 6, 2004 
 

Standard Operating Procedure: 
Decontamination Procedures 
 
I. Scope and Application 
 
This standard operating procedure describes decontamination protocols to be followed during the treatability 
study program outlined in the Treatability Studies Work Plan (TS Work Plan) (Blasland, Bouck & Lee, Inc. 
[BBL], 2003a).  The treatability studies program will generally follow the decontamination protocols presented 
in Section B2.4.2 of the SSAP and BMP QAPPs, except for the plate and frame and multimedia filter (MMF) 
test apparatus.  In general accordance with Section B2.4.2 of the SSAP and BMP QAPPs, all non-disposable 
equipment that comes in contact with samples will be decontaminated prior to initial use, prior to reuse, and at 
the completion of activities.  Decontamination will consist of: 
 
1. Wash with laboratory grade detergent. 
2. Rinse with distilled water. 
3. Rinse with acetone and allow to dry (contain rinsate for appropriate disposal). 
4. Rinse with hexane and allow to dry (contain rinsate for appropriate disposal). 
5. Rinse with distilled water. 
 
Decontamination protocols for the pilot-scale plate and frame and MMF test apparatus are described below.  
Other test-specific decontamination procedures that derive from the steps listed above may be developed based 
on input from the treatability studies laboratories. 
 
II. Equipment List 
 
The follow materials will be available, as required, during decontamination procedures: 
 
• Personal protective equipment (as required in the Revised Health and Safety Plan (Revised HASP) (BBL, 

2003b); 
• Tap water; 
• High-pressure washing equipment; and 
• Backwashing equipment. 
 
III. Health and Safety Considerations 
 
Refer to the Revised HASP (BBL, 2003). 
 
IV. Test-Specific Decontamination Procedures 
 
Plate and Frame Test:  Due to the size of the plate and frame test apparatus, the decontamination procedure for 
this piece of equipment has been modified to replace the steps listed in Section I above with the following: 
 
1. Remove the filter media. 
2. Clean the test apparatus using high-pressure wash equipment. 
 
Multimedia Filter Tests:  Due to the size of the columns used in these tests, the decontamination procedure for 
this piece of equipment has been modified to replace the steps listed in Section I above with the following: 
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1. Backwash the column media to 200% expansion (8 feet) for a period of 10 minutes. 
 
All decontamination liquid and other residuals (filter media, disposable health and safety equipment, etc.) will 
be contained and properly disposed of in accordance with the Sediment Sampling and Analysis Program Quality 
Assurance Project Plan  (SSAP QAPP) (Environmental Standards, Inc. [ESI] and Quantitative Environmental 
Assessment [QEA], 2002). 
 
V. References 
 
BBL. 2003a. Treatability Studies Work Plan. Hudson River PCBs Superfund Site. Prepared for General Electric 
Company, Albany, NY.  
 
BBL. 2003b. Revised Health and Safety Plan (Revised HASP). Hudson River PCBs Superfund Site. Prepared 
for General Electric Company, Albany, NY. 
 
ESI and QEA. 2002. Sediment Sampling and Analysis Program Quality Assurance Project Plan  (SSAP QAPP). 
Hudson River PCBs Superfund Site. Prepared for General Electric Company, Albany, NY 
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Standard Operating Procedure: 
Sample Handling and Custody Requirements 
 
I. Scope and Application 
 
This standard operating procedure (SOP) presents sample handling and custody protocols to be followed during 
activities described in the Treatability Studies Work Plan (TS Work Plan) (Blasland, Bouck, & Lee, Inc. [BBL], 
2003a) and includes collection of sediment and water samples, transfer of these samples to a field laboratory for 
processing, transfer to one or more treatability studies laboratories for testing, and submission of sediment, 
water, and treatment residuals samples for laboratory analysis.  The protocols described herein generally follow 
the procedures outlined in the Sediment Sampling and Analysis Program Quality Assurance Project Plan (SSAP 
QAPP) (Environmental Standards, Inc., [ESI] and Quantitative Environmental Assessment [QEA], 2002) and 
Baseline Monitoring Program Quality Assurance Project Plan (BMP QAPP), (QEA and ESI, 2003).  
 
The primary objective of sample custody procedures is to create an accurate written record which can be used to 
trace the possession and handling of samples from collection, through processing, testing, and analysis, and 
ultimately their disposition. 
 
II. Health and Safety Considerations 
 
Refer to the Revised Health and Safety Plan [Revised HASP]) (BBL, 2003b). 
 
III. Field Sample Handling and Custody Requirements 
 
1. General 
 
Field sample handling and custody protocols will be implemented during sediment and water sample collection 
activities and sample processing in the field laboratory (described in Appendix 1 – SOP for Sample Collection 
for Treatability Testing and Appendix 2 – SOP for Dredged Material Slurry Simulations, respectively). A field 
notebook will be used to document custody and other pertinent information (as described below and in other 
SOPs) during these activities. The original field notebook will be maintained in the project file (as described in 
Appendix 30 of the TS Work Plan), and a copy of the field notebook will be maintained on file at the field 
laboratory.  The Treatability Studies Coordinator or field personnel are responsible for documenting each 
sample transfer and maintaining custody of samples until they are shipped, or delivered by courier, to the 
laboratory or disposed. 
 
2. Sediment Core Sampling 
 
Upon collection of an acceptable sediment core, the core will be capped, sealed, and labeled per the protocols 
specified in Appendix 1 of the SSAP QAPP – SOP for Sediment Collection and Appendix 1 of this TS Work 
Plan. Each core will be marked, using a permanent marker, with an arrow to show the top of the core, and 
labeled with the sampling location, and the date and time of core collection.  The capped cores will be 
maintained in a vertical position aboard the sampling vessel until the end of the day when they are transmitted to 
the field laboratory for processing.  Custody of the sediment cores during sample collection and field transfer 
activities will be documented in the field notebook.  At minimum, the field notebook will document the 
following for each core: 
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• Field sample identification number; 

• Date and time collected; 

• Northing and easting of sample location; 

• Depth of water at sample location; 

• Core penetration depth (in); 

• Custodian’s initials; 

• Sediment category; and 

• Observations, including probing results and presence of odor. 
 
3. Surface Water Sampling 
 
Water samples will be collected in accordance with the protocols presented in Appendix 2 of the TS Work Plan.  
Samples will be collected in appropriately sized containers.  After a sample has been collected, a self-adhesive, 
waterproof label will be affixed to each container.  At a minimum, the label will contain: 
 
• Field sample identification number; 

• Date and time collected; 

• Sample location; 

• Depth of water at sample location; and 

• Custodian’s initials. 
 
At the conclusion of sampling activities for the day, the water samples will be transferred to the field laboratory.  
Custody of the water samples during collection and field transfer activities will be documented in the field 
notebook.  At minimum, the field notebook will document the following for each water sample: 
 

• Field sample identification number; 

• Date and time collected; 

• Sample location; 

• Depth of water at sample location; 

• Custodian’s initials; 

• Field parameters (temperature, pH, dissolved oxygen, etc., per Appendix 2); and 

• Observations. 
 
4. Field Processing Laboratory 
 
Processing activities will include collecting baseline samples specified in the TS Work Plan and preparing and 
storing the dredged material slurry simulations per the protocols presented in Appendix 2 to the TS Work Plan.  
Processing activities will be documented in the field notebook. 
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In general conformance with Appendix 1 of the SSAP QAPP, all necessary sample containers will be shipped or 
delivered by laboratory courier to the sediment sample processing facility and received by the Treatability 
Studies Coordinator or field personnel. Sample containers meeting EPA cleaning requirements may be 
purchased by GE and shipped directly to the site due to the volume of sample containers needed. Under this 
condition, certificates of analysis documenting the bottle cleanliness will be filed at the sample processing 
facility. Anticipated sample container and preservation requirements are presented in Table 7. The 
laboratory(ies) or bottle vendor will deliver containers on a periodic basis to the facility such that an adequate 
supply of sample containers exists for several days. A laboratory supplied and initialed Chain-of-Custody 
(COC) will be used to document preparation and delivery of sample containers to the site. The Treatability 
Studies Coordinator will terminate this container delivery COC upon receipt at the site and copies will be filed 
in the sample processing laboratory records. Sample containers needed for a specific sampling task will then be 
relinquished by Treatability Studies Coordinator (or designate) to the field processing team after verifying the 
integrity of the containers and confirming that the proper bottles have been assigned for the task to be 
conducted. 
 
After a given sample or slurry has been prepared, a self-adhesive, waterproof label will be affixed to each 
container. At a minimum, the label will contain: 
 
• Field sample identification number, 

• Date and time collected, 

• Custodian’s initials, and 

• Analysis, or treatability tests to be performed. 
 
Immediately after sample/slurry preparation and labeling, each container designated for analysis or treatability 
testing will be sealed into a plastic bag and placed into an insulated cooler with “wet ice” or icepacks (for 
samples requiring temperature preservation) and appropriate packing materials for shipment to the laboratory.  
Slurry preparations may also be stored consistent with the protocols presented in Attachment 2 to the TS Work 
Plan. 
 
A field COC record will accompany all samples/slurries shipped from the processing laboratory to their 
destination. An example of the field COC records is provided as Attachment 1. Field COC records may be 
prepared either using a computerized sample tracking and COC program that will be integral to the project 
database or via hand or preprinted COC forms. 
 
The field laboratory personnel will properly relinquish the samples/slurry preparations on the field COC record. 
These record forms will be sealed in a plastic bag to protect them against moisture. Sample volumes collected 
for matrix spike (MS) and matrix spike duplicate (MSD) analysis will be noted on the chain-of-custody forms, 
and the associated additional sample containers will be labeled with the appropriate suffix (MS or MSD). Field 
duplicates will be designated and shall otherwise be in no way distinguishable by the laboratory as duplicate 
samples. Rinse blanks will be identified on the COC. The temperature of a temperature bottle blank will be 
monitored to ensure all samples requiring temperature preservation are within 4°± 2° Celsius (C), as required, 
prior to leaving the field laboratory. 
 
Temperature blanks will consist of bottles filled with distilled or tap water. The shipping coolers (or other 
appropriate containers) will then be sealed utilizing custody seals that will be initialed by the Treatability 
Studies Coordinator or designate. All sample coolers (or other appropriate containers) will be delivered to the 
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analytical or treatability laboratory by direct courier or other appropriate shipment method at the end of each 
day’s processing activities. 
 
IV. Analytical/Treatability Laboratory Sample Receipt and Custody Requirements 
 
Following sample/slurry preparation receipt, the laboratory will be responsible for checking the samples/slurry 
preparations and maintaining the samples/slurry preparations in general conformance with Section B3.2 of the 
SSAP QAPP, and SOPs associated with the treatability study program.  The laboratory shall verify receipt of the 
samples electronically (via e-mail) on the following day.  The laboratory will maintain custody of the 
samples/slurry preparations until they are shipped or delivered by courier to another laboratory, archived, or 
disposed.   
 
In conformance with SSAP QAPP procedures, once samples are received at the laboratory, the field COC record 
is completed and signed by the individual laboratory receipt personnel. Laboratory receipt personnel will check 
the labels against the corresponding information listed on the field COC records and note any discrepancies. 
Additionally, the laboratory sample receipt personnel will note any damaged or missing sample containers. Any 
discrepancies in sample identifications, sample analysis information, or any indication that samples are missing 
upon receipt at the laboratory will be communicated to the QA Manager within 24 hours of sample receipt so 
that appropriate corrective action can be determined and implemented.  
 
After the sample receipt information is checked and recorded, sample analysis information will be entered into 
the individual Laboratory Information Management System (LIMS) (or equivalent). Each sample will be 
provided a unique laboratory identification number and the analysis tests requested on the COC records will be 
entered into the LIMS. After the required information has been entered into the LIMS, laboratory personnel will 
initiate an internal laboratory COC. The internal COC will document the transfer of samples from the storage 
location to the analyst for analysis and subsequently through archiving or final disposition at the laboratory, or 
transfer to a subsequent laboratory. At a minimum, the internal COC will include client identification, laboratory 
sample number, sample matrix, signatures for relinquishing and receiving samples, and reasons for the change in 
custody (procedure to be performed). 
 
Samples transferred to subsequent laboratories will be under the custody procedures described in Section IV 
above, or an approved equivalent. 
 
V. Extract and Sample Archive Procedures 
 
Samples extracts from all the laboratory analytical procedures will be held frozen (-10°  C) for a period of one 
month following receipt of the final data packages.  It is not anticipated that treatability studies samples, slurry 
preparations, or sediment and water samples will be archived during the treatability studies program. 
 
VI. References 
 
BBL. 2003b. Revised Health and Safety Plan (Revised HASP).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
 
BBL. 2003a. Treatability Studies Work Plan (TS Work Plan).  Hudson River PCBs Superfund Site.  Prepared 
for General Electric Company, Albany, NY. 
 
ESI and QEA. 2002. Sediment Sampling and Analysis Program - Quality Assurance Project Plan (SSAP-
QAPP). Hudson River PCBs Superfund Site. Prepared for General Electric Company, Albany, NY. 
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QEA and ESI. 2003. Baseline Monitoring Program Quality Assurance Project Plan (BMP QAPP) Hudson 
River PCBs Superfund Site. Prepared for General Electric Company, Albany, NY.  



 
 

 
 

Attachment 1 
 

Sample Chain of Custody 





 
 

 
 

Appendix 24 
 

SOP – Data Management Plan 
 



 

 
BLASLAND, BOUCK & LEE, INC.  

  e n g i n e e r s  &  s c i e n t i s t s  1 

Appendix 24: 
Data Management Plan 
 
The purpose of the data management plan is to ensure that all of the necessary data are accurate 
and readily accessible to meet the analytical and reporting objectives of the project. The 
treatability studies program will encompass a large number of samples and analytes from a 
variety of different treatability tests. From the large amount of resulting data, the need arises for a 
structured, comprehensive, and efficient program for management of data. 
 
The data management program established for the project includes field documentation and 
sample QA/QC procedures, methods for tracking and managing the data, and a system for filing 
all site-related information.  More specifically, data management procedures will be employed to 
efficiently process the information collected such that the data are readily accessible and accurate. 
These procedures are described in detail in the following section. 
 
The data management plan has five elements: 1) sample designation system, 2) field activities, 3) 
sample tracking and management, 4) data management system, and 5) document control and 
inventory. 
 
1.1 Sample Designation System 
 
A concise and easily understandable sample designation system is an important part of the project 
sampling activities. It provides a unique sample number that will facilitate both sample tracking 
and easy re-sampling of select locations to evaluate data gaps, if necessary. The sample 
designation system to be employed during the treatability studies activities will be developed with 
input from the selected treatability studies laboratory(ies). The sample designation system will be 
consistent, yet flexible enough to accommodate unforeseen sampling events or conditions. A 
combination of letters and numbers will be used to yield a unique sample number for each field 
sampled collected, as outlined below. 
 
1.2 Field Activities 
 
Field activities designed to gather the information necessary to make decisions regarding the 
treatability studies results require consistent documentation and accurate record keeping. During 
treatability studies activities, standardized procedures will be used for documentation of field 
activities, data security, and QA. These procedures are described in further detail in the following 
subsections 
 
1.2.1 Field and Treatability Laboratory Documentation 
 
Complete and accurate record keeping is a critical component of the treatability studies activities. 
When interpreting analytical results and identifying data trends, investigators realize that field 
notes are an important part of the review and validation process. To ensure that the field 
investigation is thoroughly documented, several different information records, each with its own 
specific reporting requirements, will be maintained, including: 
 
• Field notebooks;  
• Treatability test observation notes; and 
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• Chain-of-custody forms. 
 
A description of each of these types of field documentation is provided below. 
 
Field Notebooks 
 
The personnel performing the field activities will keep field notebooks that detail observations 
and measurements made during the sample collection and processing activities, per the protocols 
in Appendix 1 – SOP for Sample Collection Procedures. Data will be recorded directly into the 
field notebooks. Erroneous entries will be corrected by crossing out the original entry, initialing 
it, and then documenting the proper information.  
 
Treatability Laboratory Notes 
 
The personnel performing the treatability test activities will keep notes that detail observations 
and measurements made during the treatability studies, per the protocols in the applicable method 
SOPs. Data will be recorded directly into the field notebooks. Erroneous entries will be corrected 
by crossing out the original entry, initialing it, and then documenting the proper information.  
 
Chain-of-Custody Forms 
 
COC forms are used as a means of documenting and tracking sample possession from time of 
collection to the time of disposal. All field and laboratory personnel will be briefed on the proper 
use of the COC procedure. A more thorough description of the COC forms is presented in 
Appendix 29 – SOP Sample Handling and Custody Procedures. 
 
1.2.2 Data Security 
 
Measures will be taken during the field investigation to ensure that samples and records are not 
lost, damaged, or altered. When not in use, field notebooks will be stored at the field office or 
locked in the field vehicle or secured at the treatability testing facility. Access to these files will 
be limited to the field personnel who utilize them. 
 
1.3 Sample Management and Tracking 
 
Records of field documentation, as well as analytical and QA/QC results, will be maintained to 
ensure the validity of data used in the site analysis. To effectively execute such documentation, 
carefully constructed sample tracking and data management procedures will be used throughout 
the sampling program.  
 
Sample tracking will begin with the completion of field logbook entries, as described in 
Appendix 29 – SOP Sample Handling and Custody Procedures. The original field notebook will 
be maintained in the project file (as described in Appendix 30 of the TS Work Plan), and a copy 
of the field notebook will be maintained on file at the field laboratory. 
 
COCs for samples and slurry preparations shipped to the treatability and analytical laboratory(ies) 
will be competed as described in Appendix 29 – SOP Sample Handling and Custody Procedures.  
On a daily basis, the completed forms associated with samples shipped and/or collected that day 
will be faxed to the QA Manager. Copies of completed forms will be maintained in the project 
file. 
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The treatability/analytical laboratory shall verify receipt of the samples electronically (via email) 
on the following day. When analytical data and/or treatability study results are received from the 
laboratory, the QA Manager will review the incoming analytical data packages against the 
information on the COCs to confirm that the correct analyses were performed for each sample 
and that results for all samples submitted for analysis were received. Any discrepancies noted will 
be promptly followed-up by the QA Manager. 
 
1.4 Data Management System 
 
In addition to the sample tracking system, a data management system will be implemented. The 
central focus of the data management system will be the development of a personal computer-
based project database. The project database, to be maintained by the BBL, will combine 
pertinent geographical, field, treatability test, and analytical data. Information that will be used to 
populate the database will be derived from four primary sources: surveying of sampling locations, 
field observations, treatability test observations and results, and analytical results. Each of these 
sources is discussed in the following sections. 
 
1.4.1 Computer Hardware 
 
The database will be constructed on Pentium-based personal computer work stations connected 
through a Novell network server (or equivalent). The network system will provide access to 
various hardware peripherals, such as laser printers, backup storage devices, image scanners, 
modems, etc. Computer hardware will be upgraded to industrial and corporate standards, as 
necessary, in the future. 
 
1.4.2 Computer Software 
 
The database will be written in Microsoft Access, running in a Windows operating system. 
Custom applets, such as diskette importing programs, will be written in either Microsoft VBA or 
Microsoft Visual Basic. Geographic Information System (GIS) applications will be developed in 
ESRI ArcGIS, with additional customization performed with Visual Basic. Tables and other 
database reports will be generated through Access in conjunction with Microsoft Excel, Microsoft 
Word, and/or Seagate Crystal Reports. These software products will be upgraded to current 
industrial standards, as necessary. 
 
1.4.3 Survey Information 
 
In general, each location sampled as part of the treatability testing program will be surveyed to 
ensure accurate documentation of sample locations for mapping and GIS purposes, to facilitate 
the re-sampling of select sample locations during future monitoring programs, if needed, and for 
any additional activities. The surveying activities that will occur in the field will follow the 
protocols established in the SSAP QAPP.   
 
Following the approval of the computed information, the coordinates and elevations will be 
transferred to the BBL both in a digital and a hard copy format. This data will then be loaded into 
the database and linked to the field and analytical data. 
 
1.4.4 Field Observations and Treatability Study Observations 
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An important part of the information that will ultimately reside in the data management system 
for use during the project will originate in the observations that are recorded in the field and 
during the treatability studies.  
 
Following each sampling event, a status memorandum will be prepared by the field personnel 
who performed the sampling activities. Likewise, following each treatability study, a status 
memorandum will be prepared by the personnel who performed the treatability study activities. 
The purpose of the status memorandum is to present a summary and a record of the event. Topics 
to be discussed include the locations sampled, the sampling/testing methodologies used, QA/QC 
procedures, blind duplicate and MS/MSD sample identification numbers, equipment 
decontamination procedures, personnel involved in the activity, and any other noteworthy events 
that occurred. 
 
Status memorandum are tools used to keep project personnel informed on the details of the field 
and treatability study activities and are also invaluable during the development of the final report. 
Each status memorandum will be reviewed for accuracy and completeness by the respective 
sampling activity manager. Following the approval and finalization of each memorandum, the 
status memorandum will be used to transfer field observations into the data management system. 
 
1.4.5 Analytical Results 
 
Analytical results will be provided by the laboratory in both a digital and a hard copy format (full, 
CLP-equivalent data packages).  Upon receipt of each analytical package, the original COC form 
will be placed in the project files. The data packages will be examined to ensure that the correct 
analyses were performed for each sample submitted and that all of the analyses requested on the 
COC form were performed. If discrepancies are noted, the QA Manager will be notified and will 
promptly follow up with the laboratory to resolve any issues. 
 
Each data package will be validated in accordance with the procedures presented in Section 3.3 of 
the Treatability Studies Work Plan (BBL, 2003).  Any data that does not meet the specified 
standards will be flagged pending resolution of the issue. The flag will not be removed from the 
data until the issue associated with the sample results is resolved. Although flags may remain for 
certain data, the use of that data may not necessarily be restricted. 
 
Following completion of the data validation, the digital files will be used to populate the 
appropriate database tables. An example of the electronic data deliverable (EDD) format is 
included in Attachment 1. This format specifies one data record for each constituent for each 
sample analyzed. Specific fields include: 
 
• Sample identification number; 
• Date sampled; 
• Date analyzed; 
• Parameter name; 
• Analytical result; 
• Units; 
• Detection limit; and 
• Qualifier(s). 
 
The individual EDDs, supplied by the laboratory in either an ASCII comma separated value 
(CSV) format or in a Microsoft Excel worksheet, will be loaded into the appropriate database 



 

 
BLASLAND, BOUCK & LEE, INC.  

  e n g i n e e r s  &  s c i e n t i s t s  5 

table via a custom-designed user interface Visual Basic program. Any analytical data that cannot 
be provided by the laboratory in electronic format will be entered manually. After entry into the 
database, the EDD data will be compared to the field information previously entered into the 
database to confirm that all requested analytical data have been received. 
 
1.4.6 Data Analysis and Reporting 
 
The database management system will have several functions to facilitate the review and analysis 
of the treatability study data. Routines have been developed to permit the user to scan analytical 
data from a given site for a given media. Several output functions are also available which can be 
modified, as necessary, for use in the data management system. 
 
A valuable function of the data management system will be the generation of tables of analytical 
results from the project databases. The capability of the data management system to directly 
produce tables reduces the redundant manual entry of analytical results during report preparation 
and precludes transcription errors that may occur otherwise. This data management system 
function creates a digital file of analytical results and qualifiers for a given media. The file can 
then be processed into a table of rows and columns which can be transferred to word processing 
software (e.g., Microsoft Word) for final formatting and addition of titles and notes. Tables of 
analytical data will be produced as part of data interpretation tasks and the reporting of data to 
USEPA. 
 
Another function of the data management system will be to create digital files of analytical results 
and qualifiers suitable for transfer to mapping/presentation software. A function has been created 
by BBL that creates a digital file consisting of sample location number, state plane coordinates, 
sampling date, and detected constituents and associated concentrations and analytical qualifiers. 
The file is then transferred to an AutoCAD work station, where another program has been 
developed to plot a location's analytical data in a "box" format at the sample location (represented 
by the state plane coordinates). This routine greatly reduces the redundant keypunching of 
analytical results and facilitates the efficient production of interpretative and presentation 
graphics. 
 
The data management system also has the capability of producing a digital file of select 
parameters that exists in one or more of the databases. This type of custom function is 
accomplished on an interactive basis and is best used for transferring select information into a 
number of analysis tools, such as statistical or graphing programs. 
 
1.4.7 Document Control and Inventory 
 
BBL maintains project files in its Syracuse, New York office. Each client project is assigned a 
file/job number. Each project file is then organized into the following subfiles: 
  
File 

Number File Name Contents 

#1 Agreements/Proposals Subcontractor Agreements, Client Contracts, Proposals, 
Letter Proposals 

#2 Change Orders/Purchase Orders Change Orders, Purchase Orders, Work Variances 

#3 Invoices Invoices, Invoice Cover Letters, Subcontractor Invoices 

#4 Project Management Project Plan, Organizational Charts, Team Directories, 
Mailing Lists, Project Schedules, Calendars 

#5 Correspondence Letters, Agency Letters, Client Correspondence, 
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Subcontractor Correspondence, Memos, Meeting Minutes, 
Agendas, Phone Logs, E-Mails, Conversation Records 

#6 Notes and Data 
Daily Logs, Field Notes, Site Photographs, Analytical Data 
and Tables, Drawings, Blue Prints, Modeling Data, GIS 
Output, Surveying Info 

#7 Public Relations Information Newspaper Clippings, Press Releases, Community 
Newsletters, Web Articles 

#8 Regulatory Documents 

Permit Applications, Permits, Records of Decision (RODs), 
Consent Decrees, Administrative Orders of Consent 
(AOCs), Unilateral Administrative Orders (UAOs), 
Statements of Work (SOWs), Federal Registers 

#9 Marketing Documents Marketing Brochures, Marketing Letters, Qualifications 

#10 Final Reports/Presentations Final Reports and Presentations produced by BBL. 

#11 Draft Reports/Presentations Draft Reports and Presentations (works in progress) 
produced by BBL. 

#12 Documents Prepared by Others 
Draft and Final Reports, Presentations, and other 
Documents produced by another organization, such as 
Agencies, Clients, Subcontractors, and other Organizations 

 
Originals, when possible, are placed in the files. These are the central files and will serve as the 
site-specific files for the off-site investigations. 
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Attachment 1  
 

Electronic Data Deliverable Format 
 



EDD Field Definitions

Field Name Data Type Notes
Sample Name Text-50 Sample ID as it appears on Laboratory Form 1 for analysis (ex: MW-1 reported as MW-1RE for re-analysis).
COC Sample Name Text-50 Sample ID as it appears on the chain of custody.
SDG Text-50 Sample Delivery Group
Lab Sample ID Text-50
Matrix Text-10 ex: Soil, Water, Sediment
Sample Type Text-10 ex: FB, RB, FD , FS -- for Field Blank, Rinse Blank, Field Duplicate, Field Sample, respectively.
Date Collected Date/Time
Time Collected Date/Time
Depth Start Number
Depth End Number
Depth Units Text-25
Method Text-50 Analytical method used by laboratory
CAS Number Text-25
Analyte Text-100
Result Value Number For non-detected results, enter Reporting Limit and  "U" must be present in Lab Qualifiers field.
Lab Qualifiers Text-10 "U" for not detected, others as defined by the lab.
Reporting Limit Number
Result Units Text-25
Dilution Factor Number

Reportable Result Yes/No
If not included, default on import will be "Yes".  Used where re-analyses or dilutions are present to determine proper 
result to report.

Filtered Yes/No
MDL Number Method Detection Limit
Date Analyzed Date/Time
Time Analyzed Date/Time
Date Received Date/Time Date Received by Lab
Laboratory Text-50
Lab Certification Number Text-50

Number after "Text-" indicates the maximum number of characters allowed.

Fields highlighted in pink are not required.  They may be left empty or field can be eliminated from EDD if lab is not providing that data.

If lab is providing Matrix or Sample Types, they can use codes different from the examples above but will need to provide definitions for them

Lab QC samples should not be included on EDD (lab blanks, lab replicates, etc.).  Only samples from chain of custody should be included

Depth Related fields can be left blank for samples where they are not applicable
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SOP – BOD5 (USEPA 405.1)



METHOD #: 405.1 Approved for NPDES (Editorial Revision 1974)

TITLE: Biochemical Oxygen Demand (5 Days, 20°C)

ANALYTE: BOD Biological Oxygen Demand 

INSTRUMENTATION: Probe

STORET No. 00310
Carbonaceous 80082

1.0 Scope and Application

1.1 The biochemical oxygen demand (BOD) test is used for determining the relative
oxygen requirements of municipal and industrial wastewaters. Application of the
test to organic waste discharges allows calculation of the effect of the discharges on
the oxygen resources of the receiving water.  Data from BOD tests are used for the
development of engineering criteria for the design of wastewater treatment plants.

1.2 The BOD test is an empirical bioassay-type procedure which measures the dissolved
oxygen consumed by microbial life while assimilating and oxidizing the organic
matter present. The standard test conditions include dark incubation at 20°C for a
specified time period (often 5 days).  The actual environmental conditions of
temperature, biological populationwater movement, sunlight, and oxygen
concentration cannot be accurately reproduced in the laboratory. Results obtained
must take into account the above factors when relating BOD results to stream
oxygen demands.

2.0 Summary of Method

2.1 The sample of waste, or an appropriate dilution, is incubated for 5 days at 20°C in
the dark. The reduction in dissolved oxygen concentration during the incubation
period yields a measure of the biochemical oxygen demand.

3.0 Comments

3.1 Determination of dissolved oxygen in the BOD test may be made by use of either
the Modified Winkler with Full-Bottle Technique or the Probe Method in this
manual.

3.2 Additional information relating to oxygen demanding characteristics of wastewaters
can be gained by applying the Total Organic Carbon and Chemical Oxygen Demand
tests (also found in this manual).

3.3 The use of 60 mL incubation bottles in place of the usual 300 mL incubation bottles,
in conjunction with the probe, is often convenient.

4.0 Precision and Accuracy

4.1 Eighty-six analysts in fifty-eight laboratories analyzed natural water samples plus
an exact increment of biodegradable organic compounds. At a mean value of 2.1 and



175 mg/L BOD, the standard deviation was ±0.7 and ±26 mg/L, respectively (EPA
Method Research Study 3).  

4.2 There is no acceptable procedure for determining the accuracy of the BOD test.

5.0 References

5.1 The procedure to be used for this determination is found in:
Standard Methods for the Examination of Water and Wastewater, 15th Edition, p.83,
Method 507 (1980).

5.2 Young, J. C., "Chemical Methods for Nitrification Control," J. Water Poll. Control
Fed., 45, p. 637 (1973).
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SOP – pH (EPA 9040B/9041A/9045C) 
(sediment analysis)



CD-ROM 9040B - 1 Revision 2
January 1995

METHOD 9040B

pH ELECTROMETRIC MEASUREMENT

1.0  SCOPE AND APPLICATION

1.1 Method 9040 is used to measure the pH of aqueous wastes and those
multiphase wastes where the aqueous phase constitutes at least 20% of the total
volume of the waste.

1.2 The corrosivity of concentrated acids and bases, or of concentrated
acids and bases mixed with inert substances, cannot be measured.  The pH
measurement requires some water content.

2.0 SUMMARY

2.1 The pH of the sample is determined electrometrically using either
a glass electrode in combination with a reference potential or a combination
electrode.  The measuring device is calibrated using a series of standard
solutions of known pH.

3.0 INTERFERENCES

3.1 The glass electrode, in general, is not subject to solution
interferences from color, turbidity, colloidal matter, oxidants, reductants, or
moderate (<0.1 molar solution) salinity.

3.2 Sodium error at pH levels >10 can be reduced or eliminated by using
a low-sodium-error electrode.

3.3 Coatings of oily material or particulate matter can impair
electrode response.  These coatings can usually be removed by gentle wiping or
detergent washing, followed by rinsing with distilled water.  An additional
treatment with hydrochloric acid (1:10) may be necessary to remove any remaining
film.

3.4 Temperature effects on the electrometric determination of pH arise
from two sources.  The first is caused by the change in electrode output at
various temperatures.  This interference should be controlled with instruments
having temperature compensation or by calibrating the electrode-instrument system
at the temperature of the samples.  The second source of temperature effects is
the change of pH due to changes in the sample as the temperature changes.  This
error is sample-dependent and cannot be controlled.  It should, therefore, be
noted by reporting both the pH and temperature at the time of analysis.

4.0 APPARATUS AND MATERIALS

4.1 pH meter:  Laboratory or field model.  Many instruments are commer-
cially available with various specifications and optional equipment.

4.2 Glass electrode.
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4.3 Reference electrode:  A silver-silver chloride or other reference
electrode of constant potential may be used.

NOTE: Combination electrodes incorporating both measuring and
referenced functions are convenient to use and are available with
solid, gel-type filling materials that require minimal maintenance.

4.4 Magnetic stirrer and Teflon-coated stirring bar.

4.5 Thermometer and/or temperature sensor for automatic compensation.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests.  Unless
otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society, where such specifications are available.  Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.

5.2 Primary standard buffer salts are available from the National
Institute of Standards and Technology (NIST) and should be used in situations
where extreme accuracy is necessary.  Preparation of reference solutions from
these salts requires some special precautions and handling, such as low-
conductivity dilution water, drying ovens, and carbon-dioxide-free purge gas.
These solutions should be replaced at least once each month.

5.3 Secondary standard buffers may be prepared from NIST salts or
purchased as solutions from commercial vendors.  These commercially available
solutions have been validated by comparison with NIST standards and are
recommended for routine use.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Chapter Nine of this manual.

6.2 Samples should be analyzed as soon as possible.

7.0 PROCEDURE

7.1 Calibration:

7.1.1 Because of the wide variety of pH meters and accessories,
detailed operating procedures cannot be incorporated into this method.
Each analyst must be acquainted with the operation of each system and
familiar with all instrument functions.  Special attention to care of the
electrodes is recommended.

7.1.2 Each instrument/electrode system must be calibrated at a
minimum of two points that bracket the expected pH of the samples and are
approximately three pH units or more apart.  (For corrosivity characteri-
zation, the calibration of the pH meter should include a buffer of pH 2
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for acidic wastes and a pH 12 buffer for caustic wastes; also, for
corrosivity characterization, the sample must be measured at 25±1EC if the
pH of the waste is above 12.0.)  Various instrument designs may involve
use of a dial (to "balance" or "standardize") or a slope adjustment, as
outlined in the manufacturer's instructions.  Repeat adjustments on
successive portions of the two buffer solutions until readings are within
0.05 pH units of the buffer solution value.

7.2 Place the sample or buffer solution in a clean glass beaker using
a sufficient volume to cover the sensing elements of the electrodes and to give
adequate clearance for the magnetic stirring bar.  If field measurements are
being made, the electrodes may be immersed directly into the sample stream to an
adequate depth and moved in a manner to ensure sufficient sample movement across
the electrode-sensing element as indicated by drift-free readings (<0.1 pH).

7.3 If the sample temperature differs by more than 2EC from the buffer
solution, the measured pH values must be corrected.  Instruments are equipped
with automatic or manual compensators that electronically adjust for temperature
differences.  Refer to manufacturer's instructions.

7.4 Thoroughly rinse and gently wipe the electrodes prior to measuring
pH of samples.  Immerse the electrodes into the sample beaker or sample stream
and gently stir at a constant rate to provide homogeneity and suspension of
solids.  Note and record sample pH and temperature.  Repeat measurement on
successive aliquots of sample until values differ by <0.1 pH units.  Two or three
volume changes are usually sufficient.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for the appropriate QC protocols.

8.2 Electrodes must be thoroughly rinsed between samples.

9.0 METHOD PERFORMANCE

9.1 Forty-four analysts in twenty laboratories analyzed six synthetic
water samples containing exact increments of hydrogen-hydroxyl ions, with the
following results:
                                                            Accuracy as       
                      Standard Deviation               Bias             Bias
pH Units                   pH Units                      %             pH Units

  3.5         0.10 -0.29          -0.01
  3.5          0.11                    -0.00
  7.1               0.20                   +1.01      +0.07
  7.2               0.18                    -0.03    -0.002
  8.0               0.13                    -0.12   -0.01
  8.0               0.12                    +0.16 +0.01

10.0 REFERENCES
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1. National Bureau of Standards, Standard Reference Material Catalog 1986-87,
Special Publication 260.
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METHOD 9040B
pH ELECTROMETRIC MEASUREMENT
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METHOD 9041A

pH PAPER METHOD

1.0  SCOPE AND APPLICATION

1.1 Method 9041 may be used to measure pH as an alternative to Method
9040 (except as noted in Step 1.3) or in cases where pH measurements by Method
9040 are not possible.  

1.2 Method 9041 is not applicable to wastes that contain components
that may mask or alter the pH paper color change.

1.3 pH paper is not considered to be as accurate a form of pH
measurement as pH meters.  For this reason, pH measurements taken with Method
9041 cannot be used to define a waste as corrosive or noncorrosive (see RCRA
regulations 40 CFR §261.22(a)(1).

2.0  SUMMARY OF METHOD

2.1 The approximate pH of the waste is determined with wide-range pH
paper.  Then a more accurate pH determination is made using "narrow-range" pH
paper whose accuracy has been determined (1) using a series of buffers or (2) by
comparison with a calibrated pH meter.

3.0  INTERFERENCES

3.1 Certain wastes may inhibit or mask changes in the pH paper.  This
interference can be determined by adding small amounts of acid or base to a small
aliquot of the waste and observing whether the pH paper undergoes the appropriate
changes.

CAUTION: THE ADDITION OF ACID OR BASE TO WASTES MAY RESULT IN VIOLENT
REACTIONS OR THE GENERATION OF TOXIC FUMES (e.g., hydrogen
cyanide).  Thus, a decision to take this step requires some
knowledge of the waste.  See Step 7.3.3 for additional precautions.

4.0  APPARATUS AND MATERIALS

4.1 Wide-range pH paper.

4.2 Narrow-range pH paper:  With a distinct color change for every 0.5
pH unit (e.g., Alkaacid Full-Range pH Kit, Fisher Scientific or equivalent).
Each batch of narrow-range pH paper must be calibrated versus certified pH
buffers or by comparison with a pH meter which has been calibrated with certified
pH buffers.  If the incremental reading of the narrow-range pH paper is within
0.5 pH units, then the agreement between the buffer or the calibrated pH meter
with the paper must be within 0.5 pH units.

4.3 pH Meter (optional).
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5.0  REAGENTS

5.1 Certified pH buffers:  To be used for calibrating the pH paper or
for calibrating the pH meter that will be used subsequently to calibrate the pH
paper.

5.2 Dilute acid (e.g., 1:4 HCl).

5.3 Dilute base (e.g., 0.1 N NaOH).

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected using a sampling plan which addresses
the considerations discussed in Chapter Nine of this manual.

7.0  PROCEDURE

7.1 A representative aliquot of the waste must be tested with wide-
range pH paper to determine the approximate pH.

7.2 The appropriate narrow-range pH paper is chosen and the pH of a
second aliquot of the waste is determined.  This measurement should be performed
in duplicate.

7.3 Identification of interference:

7.3.1 Take a third aliquot of the waste, approximately 2 mL in
volume, and add acid dropwise until a pH change is observed.  Note the
color change.

7.3.2 Add base dropwise to a fourth aliquot and note the color
change.  (Wastes that have a buffering capacity may require additional
acid or base to result in a measurable pH change.)

7.3.3 The observation of the appropriate color change is a strong
indication that no interferences have occurred.

CAUTION ADDITION OF ACID OR BASE TO SAMPLES MAY RESULT IN VIOLENT REACTIONS
OR THE GENERATION OF TOXIC FUMES.  PRECAUTIONS MUST BE TAKEN.  THE
ANALYST SHOULD PERFORM THESE TESTS IN A WELL-VENTILATED HOOD WHEN
DEALING WITH UNKNOWN SAMPLES.

8.0  QUALITY CONTROL  

8.1 All quality control data must be maintained and available for easy
reference or inspection.

8.2 All pH determinations must be performed in duplicate. 

8.3 Each batch of pH paper must be calibrated versus certified pH
buffers or a pH meter which has been calibrated with certified pH buffers.
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9.0  METHOD PERFORMANCE

9.1 No data provided.

10.0  REFERENCES

10.1 None required.
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pH PAPER METHOD
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METHOD 9045C

SOIL AND WASTE pH

1.0 SCOPE AND APPLICATION

1.1 Method 9045 is an electrometric procedure for measuring pH in
soils and waste samples.  Wastes may be solids, sludges, or non-aqueous
liquids.  If water is present, it must constitute less than 20% of the total
volume of the sample.

2.0 SUMMARY OF METHOD

2.1 The sample is mixed with reagent water, and the pH of the
resulting aqueous solution is measured.

3.0 INTERFERENCES

3.1 Samples with very low or very high pH may give incorrect
readings on the meter.  For samples with a true pH of >10, the measured pH may
be incorrectly low.  This error can be minimized by using a low-sodium-error
electrode.  Strong acid solutions, with a true pH of <1, may give incorrectly
high pH measurements.

3.2 Temperature fluctuations will cause measurement errors.

3.3 Errors will occur when the electrodes become coated.  If an
electrode becomes coated with an oily material that will not rinse free, the
electrode can (1) be cleaned with an ultrasonic bath, or (2) be washed with
detergent, rinsed several times with water, placed in 1:10 HCl so that the
lower third of the electrode is submerged, and then thoroughly rinsed with
water, or (3) be cleaned per the manufacturer's instructions.

4.0 APPARATUS AND MATERIALS

4.1 pH Meter with means for temperature compensation.

4.2 Glass Electrode.

4.3 Reference electrode:  A silver-silver chloride or other
reference electrode of constant potential may be used.

NOTE:  Combination electrodes incorporating both measuring and
referenced functions are convenient to use and are available
with solid, gel-type filling materials that require minimal
maintenance.

4.4 Beaker:  50-mL.

4.5 Thermometer and/or temperature sensor for automatic
compensation.
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4.6 Analytical balance:  capable of weighing 0.1 g.

5.0 REAGENTS

5.1 Reagent grade chemicals shall be used in all tests.  Unless
otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American
Chemical Society, where such specifications are available.  Other grades may
be used, provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of the
determination.

5.2 Reagent water.  All references to water in this method refer to
reagent water, as defined in Chapter One.

5.3 Primary standard buffer salts are available from the National
Institute of Standards and Technology (NIST) and should be used in situations
where extreme accuracy is necessary.  Preparation of reference solutions from
these salts requires some special precautions and handling, such as low-
conductivity dilution water, drying ovens, and carbon-dioxide-free purge gas. 
These solutions should be replaced at least once each month.

5.4 Secondary standard buffers may be prepared from NIST salts or
purchased as solutions from commercial vendors.  These commercially available
solutions, which have been validated by comparison with NIST standards, are
recommended for routine use.

6.0 SAMPLE PRESERVATION AND HANDLING

6.1 All samples must be collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 Samples should be analyzed as soon as possible.

7.0 PROCEDURE

7.1 Calibration:

7.1.1 Because of the wide variety of pH meters and
accessories, detailed operating procedures cannot be incorporated into
this method.  Each analyst must be acquainted with the operation of each
system and familiar with all instrument functions.  Special attention to
care of the electrodes is recommended.

7.1.2 Each instrument/electrode system must be calibrated at a
minimum of two points that bracket the expected pH of the samples and
are approximately three pH units or more apart.  Repeat adjustments on
successive portions of the two buffer solutions until readings are
within 0.05 pH units of the buffer solution value.  If an accurate pH
reading based on the conventional pH scale [0 to 14 at 25EC] is
required, the analyst should control sample temperature at 25±1EC when
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sample pH approaches the alkaline end of the scale (e.g., a pH of 11 or
above).

7.2 Sample preparation and pH measurement of soils:

7.2.1 To 20 g of soil in a 50-mL beaker, add 20 mL of reagent
water, cover, and continuously stir the suspension for 5 minutes. .
Additional dilutions are allowed if working with hygroscopic soils and
salts or other problematic matrices. 

7.2.2 Let the soil suspension stand for about 1 hour to allow
most of the suspended clay to settle out from the suspension or filter
or centrifuge off the aqueous phase for pH measurement.

7.2.3 Adjust the electrodes in the clamps of the electrode
holder so that, upon lowering the electrodes into the beaker, the glass
electrode will be immersed just deep enough into the clear supernatant
solution to establish a good electrical contact through the ground-glass
joint or the fiber-capillary hole.  Insert the electrodes into the
sample solution in this manner.  For combination electrodes, immerse
just below the suspension.

7.2.4 If the sample temperature differs by more than 2EC from
the buffer solution, the measured pH values must be corrected.

7.2.5 Report the results as "soil pH measured in water at   
EC" where "  EC" is the temperature at which the test was conducted.

7.3 Sample preparation and pH measurement of waste materials:

7.3.1 To 20 g of waste sample in a 50-mL beaker, add 20 mL of
reagent water, cover, and continuously stir the suspension for 5
minutes. .  Additional dilutions are allowed if working with hygroscopic
wastes and salts or other problematic matrices. 

7.3.2 Let the waste suspension stand for about 15 minutes to
allow most of the suspended waste to settle out from the suspension or
filter or centrifuge off aqueous phase for pH measurement.

NOTE:  If the waste is hygroscopic and absorbs all the reagent
water, begin the experiment again using 20 g of waste and 40 mL
of reagent water.

NOTE:  If the supernatant is multiphasic, decant the oily phase
and measure the pH of the aqueous phase.  The electrode may need
to be cleaned (Step 3.3) if it becomes coated with an oily
material.

7.3.3 Adjust the electrodes in the clamps of the electrode
holder so that, upon lowering the electrodes into the beaker, the glass
electrode will be immersed just deep enough into the clear supernatant
to establish good electrical contact through the ground-glass joint or
the fiber-capillary hole.  Insert the electrode into the sample solution
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in this manner.  For combination electrodes, immerse just below the
suspension.

7.3.4 If the sample temperature differs by more than 2EC from
the buffer solution, the measured pH values must be corrected.

7.3.5 Report the results as "waste pH measured in water at   
EC" where "  EC" is the temperature at which the test was conducted.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for the appropriate QC protocols.

8.2 Electrodes must be thoroughly rinsed between samples.

9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES

1. Black, Charles Allen;  Methods of Soil Analysis;  American Society of
Agronomy:  Madison, WI, 1973.

2. National Bureau of Standards, Standard Reference Material Catalog, 1986-
87, Special Publication 260.
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METHOD 9045C

SOIL AND WASTE pH
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SOP – PAH (SW-846 Method 8270C/3510C) 
(sediment/water analysis)
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METHOD 8270C

SEMIVOLATILE ORGANIC COMPOUNDS
BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

1.0 SCOPE AND APPLICATION

1.1 Method 8270 is used to determine the concentration of semivolatile organic compounds
in extracts prepared from many types of solid waste matrices, soils, air sampling media and water
samples.  Direct injection of a sample may be used in limited applications.  The following compounds
can be determined by this method:

Appropriate Preparation Techniquesb

 3540/
Compounds CAS No 3510 3520 3541 3550 3580a

Acenaphthene 83-32-9 X X X X X
Acenaphthene-d  (IS) X X X X X10

Acenaphthylene 208-96-8 X X X X X
Acetophenone    98-86-2 X ND ND ND X
2-Acetylaminofluorene    53-96-3 X ND ND ND X
1-Acetyl-2-thiourea   591-08-2 LR ND ND ND LR
Aldrin   309-00-2 X X X X X
2-Aminoanthraquinone   117-79-3 X ND ND ND X
Aminoazobenzene    60-09-3 X ND ND ND X
4-Aminobiphenyl    92-67-1 X ND ND ND X
3-Amino-9-ethylcarbazole   132-32-1 X X ND ND ND
Anilazine   101-05-3 X ND ND ND X
Aniline    62-53-3 X X ND X X
o-Anisidine    90-04-0 X ND ND ND X 
Anthracene   120-12-7 X X X X X
Aramite   140-57-8 HS(43) ND ND ND X
Aroclor 1016 12674-11-2 X X X X X
Aroclor 1221 11104-28-2 X X X X X
Aroclor 1232 11141-16-5 X X X X X
Aroclor 1242 53469-21-9 X X X X X
Aroclor 1248 12672-29-6 X X X X X
Aroclor 1254 11097-69-1 X X X X X
Aroclor 1260 11096-82-5 X X X X X
Azinphos-methyl    86-50-0 HS(62) ND ND ND X
Barban   101-27-9 LR ND ND ND LR
Benzidine    92-87-5 CP CP CP CP CP
Benzoic acid    65-85-0 X X ND X X
Benz(a)anthracene    56-55-3 X X X X X
Benzo(b)fluoranthene   205-99-2 X X X X X
Benzo(k)fluoranthene   207-08-9 X X X X X
Benzo(g,h,i)perylene   191-24-2 X X X X X
Benzo(a)pyrene    50-32-8 X X X X X
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 3540/
Compounds CAS No 3510 3520 3541 3550 3580a

p-Benzoquinone 106-51-4 OE ND ND ND X
Benzyl alcohol 100-51-6 X X ND X X
"-BHC 319-84-6 X X X X X
$-BHC 319-85-7 X X X X X
*-BHC 319-86-8 X X X X X
(-BHC (Lindane) 58-89-9 X X X X X
Bis(2-chloroethoxy)methane 111-91-1 X X X X X
Bis(2-chloroethyl) ether 111-44-4 X X X X X
Bis(2-chloroisopropyl) ether 108-60-1 X X X X X
Bis(2-ethylhexyl) phthalate 117-81-7 X X X X X
4-Bromophenyl phenyl ether 101-55-3 X X X X X
Bromoxynil 1689-84-5 X ND ND ND X
Butyl benzyl phthalate 85-68-7 X X X X X
Captafol 2425-06-1 HS(55) ND ND ND X
Captan 133-06-2 HS(40) ND ND ND X
Carbaryl 63-25-2 X ND ND ND X
Carbofuran 1563-66-2 X ND ND ND X
Carbophenothion 786-19-6 X ND ND ND X
Chlordane (NOS) 57-74-9 X X X X X
Chlorfenvinphos 470-90-6 X ND ND ND X
4-Chloroaniline 106-47-8 X ND ND ND X
Chlorobenzilate 510-15-6 X ND ND ND X
5-Chloro-2-methylaniline 95-79-4 X ND ND ND X
4-Chloro-3-methylphenol 59-50-7 X X X X X
3-(Chloromethyl)pyridine 
  hydrochloride 6959-48-4 X ND ND ND X
1-Chloronaphthalene 90-13-1 X X X X X
2-Chloronaphthalene 91-58-7 X X X X X
2-Chlorophenol 95-57-8 X X X X X
4-Chloro-1,2-phenylenediamine 95-83-0 X X ND ND ND
4-Chloro-1,3-phenylenediamine 5131-60-2 X X ND ND ND
4-Chlorophenyl phenyl ether 7005-72-3 X X X X X
Chrysene 218-01-9 X X X X X
Chrysene-d  (IS) X X X X X12

Coumaphos 56-72-4 X ND ND ND X
p-Cresidine 120-71-8 X ND ND ND X
Crotoxyphos 7700-17-6 X ND ND ND X
2-Cyclohexyl-4,6-dinitro-phenol 131-89-5 X ND ND ND LR
4,4'-DDD 72-54-8 X X X X X
4,4'-DDE 72-55-9 X X X X X
4,4'-DDT 50-29-3 X X X X X
Demeton-O 298-03-3 HS(68) ND ND ND X
Demeton-S 126-75-0 X ND ND ND X
Diallate (cis or trans)  2303-16-4 X ND ND ND X
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 3540/
Compounds CAS No 3510 3520 3541 3550 3580a

2,4-Diaminotoluene 95-80-7 DC,0E(42) ND ND ND X
Dibenz(a,j)acridine 224-42-0 X ND ND ND X
Dibenz(a,h)anthracene 53-70-3 X X X X X
Dibenzofuran 132-64-9 X X ND X X
Dibenzo(a,e)pyrene 192-65-4 ND ND ND ND X
1,2-Dibromo-3-chloropropane 96-12-8 X X ND ND ND
Di-n-butyl phthalate 84-74-2 X X X X X
Dichlone 117-80-6 OE ND ND ND X
1,2-Dichlorobenzene 95-50-1 X X X X X
1,3-Dichlorobenzene 541-73-1 X X X X X
1,4-Dichlorobenzene 106-46-7 X X X X X
1,4-Dichlorobenzene-d  (IS) X X X X X4

3,3'-Dichlorobenzidine 91-94-1 X X X X X
2,4-Dichlorophenol 120-83-2 X X X X X
2,6-Dichlorophenol 87-65-0 X ND ND ND X
Dichlorovos 62-73-7 X ND ND ND X
Dicrotophos 141-66-2 X ND ND ND X
Dieldrin 60-57-1 X X X X X
Diethyl phthalate 84-66-2 X X X X X
Diethylstilbestrol 56-53-1 AW,0S(67) ND ND ND X
Diethyl sulfate 64-67-5 LR ND ND ND LR
Dihydrosaffrole 56312-13-1 ND ND ND ND ND
Dimethoate 60-51-5 HE,HS(31) ND ND ND X
3,3'-Dimethoxybenzidine 119-90-4 X ND ND ND LR
Dimethylaminoazobenzene 60-11-7 X ND ND ND X
7,12-Dimethylbenz(a)-
  anthracene 57-97-6 CP(45) ND ND ND CP
3,3'-Dimethylbenzidine 119-93-7 X ND ND ND X
","-Dimethylphenethylamine 122-09-8 ND ND ND ND X
2,4-Dimethylphenol 105-67-9 X X X X X
Dimethyl phthalate 131-11-3 X X X X X
1,2-Dinitrobenzene 528-29-0 X ND ND ND X
1,3-Dinitrobenzene 99-65-0 X ND ND ND X
1,4-Dinitrobenzene 100-25-4 HE(14) ND ND ND X
4,6-Dinitro-2-methylphenol 534-52-1 X X X X X
2,4-Dinitrophenol 51-28-5 X X X X X
2,4-Dinitrotoluene 121-14-2 X X X X X
2,6-Dinitrotoluene 606-20-2 X X X X X
Dinocap 39300-45-3 CP,HS(28) ND ND ND CP
Dinoseb 88-85-7 X ND ND ND X
Dioxathion 78-34-2 ND ND ND ND ND
Diphenylamine 122-39-4 X X X X X
5,5-Diphenylhydantoin 57-41-0 X ND ND ND X
1,2-Diphenylhydrazine 122-66-7 X X X X X
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 3540/
Compounds CAS No 3510 3520 3541 3550 3580a

Di-n-octyl phthalate 117-84-0 X X X X X
Disulfoton 298-04-4 X ND ND ND X
Endosulfan I   959-98-8 X X X X X
Endosulfan II 33213-65-9 X X X X X
Endosulfan sulfate 1031-07-8 X X X X X
Endrin 72-20-8 X X X X X
Endrin aldehyde 7421-93-4 X X X X X
Endrin ketone 53494-70-5 X X ND X X
EPN 2104-64-5 X ND ND ND X
Ethion 563-12-2 X ND ND ND X
Ethyl carbamate 51-79-6 DC(28) ND ND ND X
Ethyl methanesulfonate 62-50-0 X ND ND ND X
Famphur 52-85-7 X ND ND ND X
Fensulfothion 115-90-2 X ND ND ND X
Fenthion 55-38-9 X ND ND ND X
Fluchloralin 33245-39-5 X ND ND ND X
Fluoranthene 206-44-0 X X X X X
Fluorene 86-73-7 X X X X X
2-Fluorobiphenyl (surr) 321-60-8 X X X X X
2-Fluorophenol (surr) 367-12-4 X X X X X
Heptachlor 76-44-8 X X X X X
Heptachlor epoxide 1024-57-3 X X X X X
Hexachlorobenzene 118-74-1 X X X X X
Hexachlorobutadiene 87-68-3 X X X X X
Hexachlorocyclopentadiene 77-47-4 X X X X X
Hexachloroethane 67-72-1 X X X X X
Hexachlorophene 70-30-4 AW,CP(62) ND ND ND CP
Hexachloropropene 1888-71-7 X ND ND ND X
Hexamethylphosphoramide 680-31-9 X ND ND ND X
Hydroquinone 123-31-9 ND ND ND ND X
Indeno(1,2,3-cd)pyrene 193-39-5 X X X X X
Isodrin 465-73-6 X ND ND ND X
Isophorone 78-59-1 X X X X X
Isosafrole 120-58-1 DC(46) ND ND ND X
Kepone 143-50-0 X ND ND ND X
Leptophos 21609-90-5 X ND ND ND X
Malathion 121-75-5 HS(5) ND ND ND X
Maleic anhydride 108-31-6 HE ND ND ND X
Mestranol 72-33-3 X ND ND ND X
Methapyrilene 91-80-5 X ND ND ND X
Methoxychlor 72-43-5 X ND ND ND X
3-Methylcholanthrene 56-49-5 X ND ND ND X
4,4'-Methylenebis
    (2-chloroaniline) 101-14-4 OE,OS(0) ND ND ND LR
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 3540/
Compounds CAS No 3510 3520 3541 3550 3580a

4,4'-Methylenebis
    (N,N-dimethylaniline) 101-61-1 X X ND ND ND
Methyl methanesulfonate 66-27-3 X ND ND ND X
2-Methylnaphthalene 91-57-6 X X ND X X
Methyl parathion 298-00-0 X ND ND ND X
2-Methylphenol 95-48-7 X ND ND ND X
3-Methylphenol 108-39-4 X ND ND ND X
4-Methylphenol 106-44-5 X ND ND ND X
Mevinphos 7786-34-7 X ND ND ND X
Mexacarbate 315-18-4 HE,HS(68) ND ND ND X
Mirex 2385-85-5 X ND ND ND X
Monocrotophos 6923-22-4 HE ND ND ND X
Naled 300-76-5 X ND ND ND X
Naphthalene 91-20-3 X X X X X
Naphthalene-d  (IS) X X X X X8

1,4-Naphthoquinone 130-15-4 X ND ND ND X
1-Naphthylamine 134-32-7 OS(44) ND ND ND X
2-Naphthylamine 91-59-8 X ND ND ND X
Nicotine 54-11-5 DE(67) ND ND ND X
5-Nitroacenaphthene 602-87-9 X ND ND ND X
2-Nitroaniline 88-74-4 X X ND X X
3-Nitroaniline 99-09-2 X X ND X X
4-Nitroaniline 100-01-6 X X ND X X
5-Nitro-o-anisidine 99-59-2 X ND ND ND X
Nitrobenzene 98-95-3 X X X X X
Nitrobenzene-d  (surr) X X X X X5

4-Nitrobiphenyl 92-93-3 X ND ND ND X
Nitrofen 1836-75-5 X ND ND ND X
2-Nitrophenol 88-75-5 X X X X X
4-Nitrophenol 100-02-7 X X X X X
5-Nitro-o-toluidine 99-55-8 X X ND ND X
Nitroquinoline-1-oxide 56-57-5 X ND ND ND X
N-Nitrosodi-n-butylamine 924-16-3 X ND ND ND X
N-Nitrosodiethylamine 55-18-5 X ND ND ND X
N-Nitrosodimethylamine 62-75-9 X X X X X
N-Nitrosomethylethylamine 10595-95-6 X ND ND ND X
N-Nitrosodiphenylamine 86-30-6 X X X X X
N-Nitrosodi-n-propylamine 621-64-7 X X X X X
N-Nitrosomorpholine 59-89-2 ND ND ND ND X
N-Nitrosopiperidine 100-75-4 X ND ND ND X
N-Nitrosopyrrolidine 930-55-2 X ND ND ND X
Octamethyl pyrophosphoramide 152-16-9 LR ND ND ND LR
4,4'-Oxydianiline 101-80-4 X ND ND ND X
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 3540/
Compounds CAS No 3510 3520 3541 3550 3580a

Parathion 56-38-2 X X ND ND X
Pentachlorobenzene 608-93-5 X ND ND ND X
Pentachloronitrobenzene 82-68-8 X ND ND ND X
Pentachlorophenol 87-86-5 X X X X X
Perylene-d  (IS) X X X X X12

Phenacetin 62-44-2 X ND ND ND X
Phenanthrene 85-01-8 X X X X X
Phenanthrene-d  (IS) X X X X X10

Phenobarbital 50-06-6 X ND ND ND X
Phenol 108-95-2 DC(28) X X X X
Phenol-d  (surr) DC(28) X X X X6

1,4-Phenylenediamine 106-50-3 X ND ND ND X
Phorate 298-02-2 X ND ND ND X
Phosalone 2310-17-0 HS(65) ND ND ND X
Phosmet 732-11-6 HS(15) ND ND ND X
Phosphamidon 13171-21-6 HE(63) ND ND ND X
Phthalic anhydride 85-44-9 CP,HE(1) ND ND ND CP
2-Picoline (2-Methylpyridine) 109-06-8 X X ND ND ND
Piperonyl sulfoxide 120-62-7 X ND ND ND X
Pronamide 23950-58-5 X ND ND ND X
Propylthiouracil 51-52-5 LR ND ND ND LR
Pyrene 129-00-0 X X X X X
Pyridine 110-86-1 ND ND ND ND ND
Resorcinol 108-46-3 DC,OE(10) ND ND ND X
Safrole 94-59-7 X ND ND ND X
Strychnine 57-24-9 AW,0S(55) ND ND ND X
Sulfallate 95-06-7 X ND ND ND X
Terbufos 13071-79-9 X ND ND ND X
Terphenyl-d (surr) 1718-51-0 X X ND X X14

1,2,4,5-Tetrachlorobenzene 95-94-3 X ND ND ND X
2,3,4,6-Tetrachlorophenol 58-90-2 X ND ND ND X
Tetrachlorvinphos 961-11-5 X ND ND ND X
Tetraethyl dithiopyrophosphate 3689-24-5 X X ND ND ND
Tetraethyl pyrophosphate 107-49-3 X ND ND ND X
Thionazine 297-97-2 X ND ND ND X
Thiophenol (Benzenethiol) 108-98-5 X ND ND ND X
Toluene diisocyanate 584-84-9 HE(6) ND ND ND X
o-Toluidine 95-53-4 X ND ND ND X
Toxaphene 8001-35-2 X X X X X
2,4,6-Tribromophenol (surr) 118-79-6 X X X X X
1,2,4-Trichlorobenzene 120-82-1 X X X X X
2,4,5-Trichlorophenol 95-95-4 X X ND X X
2,4,6-Trichlorophenol 88-06-2 X X X X X
Trifluralin 1582-09-8 X ND ND ND X
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 3540/
Compounds CAS No 3510 3520 3541 3550 3580a

2,4,5-Trimethylaniline 137-17-7 X ND ND ND X
Trimethyl phosphate 512-56-1 HE(60) ND ND ND X
1,3,5-Trinitrobenzene 99-35-4 X ND ND ND X
Tris(2,3-dibromopropyl) phosphate 126-72-7 X ND ND ND LR
Tri-p-tolyl phosphate 78-32-0 X ND ND ND X
O,O,O-Triethyl phosphorothioate 126-68-1 X ND ND ND X

 Chemical Abstract Service Registry Numbera

 See Sec. 1.2 for other acceptable preparation methods.b

KEY TO ANALYTE LIST

IS = This compound may be used as an internal standard.
surr = This compound may be used as a surrogate.
AW = Adsorption to walls of glassware during extraction and storage.
CP = Nonreproducible chromatographic performance.
DC = Unfavorable distribution coefficient (number in parenthesis is percent recovery).
HE = Hydrolysis during extraction accelerated by acidic or basic conditions (number in

parenthesis is percent recovery).
HS = Hydrolysis during storage (number in parenthesis is percent stability).
LR = Low response.
ND = Not determined.
OE = Oxidation during extraction accelerated by basic conditions (number in parenthesis is

percent recovery).
OS = Oxidation during storage (number in parenthesis is percent stability).
X = Greater than 70 percent recovery by this technique.

1.2 In addition to the sample preparation methods listed in the above analyte list, Method
3542 describes sample preparation for semivolatile organic compounds in air sampled by Method
0010 (Table 11 contains surrogate performance data), Method 3545 describes an automated solvent
extraction device for semivolatiles in solids (Table 12 contains performance data), and Method 3561
describes a supercritical fluid extraction of solids for PAHs (see Tables 13, 14, and 15 for
performance data).

1.3 Method 8270 can be used to quantitate most neutral, acidic, and basic organic
compounds that are soluble in methylene chloride and capable of being eluted, without
derivatization, as sharp peaks from a gas chromatographic fused-silica capillary column coated with
a slightly polar silicone.  Such compounds include polynuclear aromatic hydrocarbons, chlorinated
hydrocarbons and 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.
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In most cases, Method 8270 is not appropriate for the quantitation of multicomponent analytes,
e.g., Aroclors, Toxaphene, Chlordane, etc., because of limited sensitivity for those analytes.  When
these analytes have been identified by another technique, Method 8270 is appropriate for
confirmation of the presence of these analytes when concentration in the extract permits.  Refer to
Sec. 7.0 of Methods 8081 and 8082 for guidance on calibration and quantitation of multicomponent
analytes such as the Aroclors, Toxaphene, and Chlordane.

1.4 The following compounds may require special treatment when being determined by this
method:  

1.4.1 Benzidine may be subject to oxidative losses during solvent concentration and
its chromatographic behavior is poor.  

1.4.2 Under the alkaline conditions of the extraction step from aqueous matrices,
"-BHC, (-BHC, Endosulfan I and II, and Endrin are subject to decomposition.  Neutral
extraction should be performed if these compounds are expected.

1.4.3 Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the
gas chromatograph, chemical reaction in acetone solution, and photochemical decomposition.

1.4.4 N-nitrosodimethylamine is difficult to separate from the solvent under the
chromatographic conditions described.  

1.4.5 N-nitrosodiphenylamine decomposes in the gas chromatographic inlet and cannot
be separated from diphenylamine.  

1.4.6 Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid,
4,6-dinitro-2-methylphenol, 4-chloro-3-methylphenol, 2-nitroaniline, 3-nitroaniline,
4-chloroaniline, and benzyl alcohol are subject to erratic chromatographic behavior, especially
if the GC system is contaminated with high boiling material. 

1.4.7 Pyridine may perform poorly at the GC injection port temperatures listed in the
method.  Lowering the injection port temperature may reduce the amount of degradation.  The
analyst needs to use caution if modifying the injection port temperature as the performance of
other analytes may be adversely affected.

1.4.8 Toluene diisocyanate rapidly hydrolyses in water (half-life of less then 30 min.).
Therefore, recoveries of this compound from aqueous matrices should not be expected.  In
addition, in solid matrices, toluene diisocyanate often reacts with alcohols and amines to
produce urethane and ureas and consequently cannot usually coexist in a solution containing
these materials.

1.4.9 In addition, analytes in the list provided above are flagged when there are
limitations caused by sample preparation and/or chromatographic problems.

1.5 The estimated quantitation limit (EQL) of Method 8270 for determining an individual
compound is approximately 660 µg/kg (wet weight) for soil/sediment samples, 1-200 mg/kg for
wastes (dependent on matrix and method of preparation), and 10 µg/L for ground water samples
(see Table 2).  EQLs will be proportionately higher for sample extracts that require dilution to avoid
saturation of the detector.
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1.6 This method is restricted to use by or under the supervision of analysts experienced in
the use of gas chromatograph/mass spectrometers and skilled in the interpretation of mass spectra.
Each analyst must demonstrate the ability to generate acceptable results with this method.

2.0 SUMMARY OF METHOD

2.1 The samples are prepared for analysis by gas chromatography/mass spectrometry
(GC/MS) using the appropriate sample preparation (refer to Method 3500) and, if necessary, sample
cleanup procedures (refer to Method 3600).

2.2 The semivolatile compounds are introduced into the GC/MS by injecting the sample
extract into a gas chromatograph (GC) with a narrow-bore fused-silica capillary column.  The GC
column is temperature-programmed to separate the analytes, which are then detected with a mass
spectrometer (MS) connected to the gas chromatograph.

2.3 Analytes eluted from the capillary column are introduced into the mass spectrometer via
a jet separator or a direct connection.  Identification of target analytes is accomplished by comparing
their mass spectra with the electron impact (or electron impact-like) spectra of authentic standards.
Quantitation is accomplished by comparing the response of a major (quantitation) ion relative to an
internal standard using a five-point calibration curve.

2.4 The method includes specific calibration and quality control steps that supersede the
general requirements provided in Method 8000.

3.0 INTERFERENCES

3.1 Raw GC/MS data from all blanks, samples, and spikes must be evaluated for
interferences.  Determine if the source of interference is in the preparation and/or cleanup of the
samples and take corrective action to eliminate the problem.

3.2 Contamination by carryover can occur whenever high-concentration and
low-concentration samples are sequentially analyzed.  To reduce carryover, the sample syringe must
be rinsed with solvent between sample injections.  Whenever an unusually concentrated sample is
encountered, it should be followed by the analysis of solvent to check for cross-contamination.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph/mass spectrometer system
 

4.1.1 Gas chromatograph - An analytical system complete with a
temperature-programmable gas chromatograph suitable for splitless injection and all required
accessories, including syringes, analytical columns, and gases.  The capillary column should
be directly coupled to the source.

4.1.2 Column - 30 m x 0.25 mm ID (or 0.32 mm ID) 1 µm film thickness silicone-coated
fused-silica capillary column (J&W Scientific DB-5 or equivalent).

4.1.3 Mass spectrometer 
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4.1.3.1 Capable of scanning from 35 to 500 amu every 1 sec or less, using 70
volts (nominal) electron energy in the electron impact ionization mode.  The mass
spectrometer must be capable of producing a mass spectrum for
decafluorotriphenylphosphine (DFTPP) which meets the criteria in Table 3 when 1 µL of
the GC/MS tuning standard is injected through the GC (50 ng of DFTPP).

4.1.3.2 An ion trap mass spectrometer may be used if it is capable of axial
modulation to reduce ion-molecule reactions and can produce electron impact-like
spectra that match those in the EPA/NIST Library.  The mass spectrometer must be
capable of producing a mass spectrum for DFTPP which meets the criteria in Table 3
when 5 or 50 ng are introduced.

4.1.4 GC/MS interface - Any GC-to-MS interface may be used that gives acceptable
calibration points at 50 ng per injection for each compound of interest and achieves acceptable
tuning performance criteria. For a narrow-bore capillary column, the interface is usually
capillary-direct into the mass spectrometer source.

4.1.5 Data system - A computer system should be interfaced to the mass spectrometer.
The system must allow the continuous acquisition and storage on machine-readable media of
all mass spectra obtained throughout the duration of the chromatographic program.  The
computer should have software 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).  Software should also be available that
allows integrating the abundances in any EICP between specified time or scan-number limits.
The most recent version of the EPA/NIST Mass Spectral Library should also be available.

4.1.6 Guard column (optional) - (J&W Deactivated Fused Silica, 0.25 mm ID x 6 m, or
equivalent) between the injection port and the analytical column joined with column joiners
(Hewlett-Packard Catalog No. 5062-3556, or equivalent).

4.2 Syringe - 10-µL.

4.3 Volumetric flasks, Class A - Appropriate sizes with ground-glass stoppers.

4.4 Balance - Analytical, capable of weighing 0.0001 g.

4.5 Bottles - glass with polytetrafluoroethylene (PTFE)-lined screw caps or crimp tops.

5.0 REAGENTS

5.1 Reagent grade inorganic chemicals shall be used in all tests.  Unless otherwise indicated,
it is intended that all reagents shall conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available.  Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination.

5.2 Organic-free reagent water - All references to water in this method refer to organic-free
reagent water, as defined in Chapter One.

5.3 Stock standard solutions (1000 mg/L) - Standard solutions can be prepared from pure
standard materials or purchased as certified solutions.
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5.3.1 Prepare stock 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 in a 10-mL volumetric flask.  Larger volumes can be used at the convenience of the
analyst.  When compound purity is assayed to be 96% or greater, the weight may be used
without correction to calculate the concentration of the stock standard.  Commercially-prepared
stock standards may be used at any concentration if they are certified by the manufacturer or
by an independent source.

5.3.2 Transfer the stock standard solutions into bottles with PTFE-lined screw-caps.
Store, protected from light, at -10EC or less or as recommended by the standard manufacturer.
Stock standard solutions should be checked frequently for signs of degradation or evaporation,
especially just prior to preparing calibration standards from them.

5.3.3 Stock standard solutions must be replaced after 1 year or sooner if comparison
with quality control check samples indicates a problem.

5.3.4   It is recommended that nitrosamine compounds be placed together in a separate
calibration mix and not combined with other calibration mixes.  When using a premixed certified
standard, consult the manufacturer's instructions for additional guidance.

5.3.5 Mixes with hydrochloride salts may contain hydrochloric acid, which can cause
analytical difficulties.  When using a premixed certified standard, consult the manufacturer's
instructions for additional guidance.

5.4 Internal standard solutions - The internal standards recommended are
1,4-dichlorobenzene-d , naphthalene-d , acenaphthene-d , phenanthrene-d , chrysene-d , and4   8   10   10   12

perylene-d  (see Table 5).  Other compounds may be used as internal standards as long as the12

requirements given in Sec. 7.3.2 are met. 

5.4.1 Dissolve 0.200 g of each compound with a small volume of carbon disulfide.
Transfer to a 50 mL volumetric flask and dilute to volume with methylene chloride so that the
final solvent is approximately 20% carbon disulfide.  Most of the compounds are also soluble
in small volumes of methanol, acetone, or toluene, except for perylene-d .  The resulting12

solution will contain each standard at a concentration of 4,000 ng/µL.  Each 1 mL sample
extract undergoing analysis should be spiked with 10 µL of the internal standard solution,
resulting in a concentration of 40 ng/µL of each internal standard.  Store at -10EC or less when
not in use.  When using premixed certified solutions, store according to the manufacturer's
documented holding time and storage temperature recommendations.

5.4.2 If a more sensitive mass spectrometer is employed to achieve lower detection
levels, a more dilute internal standard solution may be required.  Area counts of the internal
standard peaks should be between 50-200% of the area of the target analytes in the mid-point
calibration analysis.

5.5 GC/MS tuning standard - A methylene chloride solution containing 50 ng/µL of
decafluorotriphenylphosphine (DFTPP) should be prepared.  The standard should also contain 50
ng/µL each of 4,4'-DDT, pentachlorophenol, and benzidine to verify injection port inertness and GC
column performance.  Store at -10EC or less when not in use.  If a more sensitive mass
spectrometer is employed to achieve lower detection levels, a more dilute tuning solution may be
necessary.  When using premixed certified solutions, store according to the manufacturer's
documented holding time and storage temperature recommendations.
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5.6 Calibration standards - A minimum of five calibration standards should be prepared at
five different concentrations.  At least one of the calibration standards should correspond to a sample
concentration at or below that necessary to meet the data quality objectives of the project.  The
remaining standards should correspond to the range of concentrations found in actual samples but
should not exceed the working range of the GC/MS system.  Each standard should contain each
analyte for detection by this method.  

5.6.1 It is the intent of EPA that all target analytes for a particular analysis be included
in the calibration standard(s).  These target analytes may not include the entire list of analytes
(Sec. 1.1) for which the method has been demonstrated.  However, the laboratory shall not
report a quantitative result for a target analyte that was not included in the calibration
standard(s).  

5.6.2 Each 1-mL aliquot of calibration standard should be spiked with 10 µL of the
internal standard solution prior to analysis.  All standards should be stored at -10EC or less,
and should be freshly prepared once a year, or sooner if check standards indicate a problem.
The calibration verification standard should be prepared weekly and stored at 4EC.  When
using premixed certified solutions, store according to the manufacturer's documented holding
time and storage temperature recommendations.

5.7 Surrogate standards - The recommended surrogates are phenol-d , 2-fluorophenol,6

2,4,6-tribromophenol, nitrobenzene-d , 2-fluorobiphenyl, and p-terphenyl-d .  See Method 3500 for5    14

instructions on preparing the surrogate solutions.  

5.7.1 Surrogate Standard Check:  Determine what the appropriate concentration should
be for the blank extracts after all extraction, cleanup, and concentration steps.  Inject this
concentration into the GC/MS to determine recovery of surrogate standards.  It is
recommended that this check be done whenever a new surrogate spiking solution is prepared.

NOTE: Method 3561 (SFE Extraction of PAHs) recommends the use of
bromobenzene and p-quaterphenyl to better cover the range of PAHs listed
in the method.

5.7.2 If a more sensitive mass spectrometer is employed to achieve lower detection
levels, a more dilute surrogate solution may be necessary.

5.8 Matrix spike and laboratory control standards - See Method 3500 for instructions on
preparing the matrix spike standard.  The same standard may be used as the laboratory control
standard (LCS).  

5.8.1 Matrix Spike Check:  Determine what concentration should be in the blank
extracts after all extraction, cleanup, and concentration steps.  Inject this concentration into the
GC/MS to determine recovery.  It is recommended that this check be done whenever a new
matrix spiking solution is prepared.

5.8.2 If a more sensitive mass spectrometer is employed to achieve lower detection
levels, a more dilute matrix and LCS spiking solution may be necessary.

5.8.3 Some projects may require the spiking of the specific compounds of interest,
since the spiking compounds listed in Method 3500 would not be representative of the
compounds of interest required for the project.  When this occurs, the matrix and LCS spiking
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standards should be prepared in methanol, with each compound present at a concentration
appropriate for the project.

5.9 Acetone, hexane, methylene chloride, isooctane, carbon disulfide, toluene, and other
appropriate solvents - All solvents should be pesticide quality or equivalent.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes, Sec. 4.1.

6.2 Store the sample extracts at -10EC, protected from light, in sealed vials (e.g., screw-cap
vials or crimp-capped vials) equipped with unpierced PTFE-lined septa.

7.0 PROCEDURE

7.1 Sample preparation

7.1.1 Samples are normally prepared by one of the following methods prior to GC/MS
analysis.

Matrix Methods

Air 3542
Water 3510, 3520, 3535
Soil/sediment 3540, 3541, 3545, 3550, 3560, 3561
Waste 3540, 3541, 3545, 3550, 3560, 3561, 3580

7.1.2 In very limited applications, direct injection of the sample into the GC/MS system
with a 10-µL syringe may be appropriate.  The detection limit is very high (approximately
10,000 µg/L).  Therefore, it is only permitted where concentrations in excess of 10,000 µg/L
are expected.  

7.2 Extract cleanup - Extracts may be cleaned up by any of the following methods prior to
GC/MS analysis.

Analytes of interest Methods

Aniline & aniline derivatives 3620
Phenols 3630, 3640, 8041a

Phthalate esters 3610, 3620, 3640
Nitrosamines 3610, 3620, 3640
Organochlorine pesticides & PCBs 3610, 3620, 3630, 3660, 3665
Nitroaromatics and cyclic ketones 3620, 3640
Polynuclear aromatic hydrocarbons 3611, 3630, 3640
Haloethers 3620, 3640
Chlorinated hydrocarbons 3620, 3640
Organophosphorus pesticides 3620
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Analytes of interest Methods

Petroleum waste 3611, 3650
All base, neutral, and acid 
  priority pollutants 3640

 Method 8041 includes a derivatization technique followed by GC/ECDa

  analysis, if interferences are encountered on GC/FID.

7.3 Initial calibration

Establish the GC/MS operating conditions, using the following recommendations as guidance.

Mass range: 35-500 amu
Scan time: 1 sec/scan
Initial temperature: 40EC, hold for 4 minutes

 Temperature program: 40-270EC at 10EC/min
Final temperature: 270EC, hold until benzo[g,h,i]perylene elutes
Injector temperature: 250-300EC
Transfer line temperature: 250-300EC
Source temperature: According to manufacturer's specifications
Injector: Grob-type, splitless
Injection volume: 1-2 µL
Carrier gas: Hydrogen at 50 cm/sec or helium at 30 cm/sec
Ion trap only: Set axial modulation, manifold temperature, and

emission current to manufacturer's recommendations

Split injection is allowed if the sensitivity of the mass spectrometer is sufficient.

7.3.1 The GC/MS system must be hardware-tuned using a 50 ng injection of DFTPP.
Analyses must not begin until the tuning criteria are met.

7.3.1.1 In the absence of specific recommendations on how to acquire the
mass spectrum of DFTPP from the instrument manufacturer, the following approach has
been shown to be useful:  Three scans (the peak apex scan and the scans immediately
preceding and following the apex) are acquired and averaged.  Background subtraction
is required, and must be accomplished using a single scan acquired no more than 20
scans prior to the elution of DFTPP.  The background subtraction should be designed
only to eliminate column bleed or instrument background ions.  Do not subtract part of
the DFTPP peak.

7.3.1.2 Use the DFTPP mass intensity criteria in Table 3 as tuning acceptance
criteria.  Alternatively, other documented tuning criteria may be used (e.g. CLP, Method
525, or manufacturer's instructions), provided that method performance is not adversely
affected.

NOTE: All subsequent standards, samples, MS/MSDs, and blanks associated
with a DFTPP analysis must use the identical mass spectrometer
instrument conditions.

7.3.1.3 The GC/MS tuning standard solution should also be used to assess GC
column performance and injection port inertness.  Degradation of DDT to DDE and DDD
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should not exceed 20%.  (See Sec. 8.0 of Method 8081 for the percent breakdown
calculation).  Benzidine and pentachlorophenol should be present at their normal
responses, and no peak tailing should be visible.  

7.3.1.4 If degradation is excessive and/or poor chromatography is noted, the
injection port may require cleaning.  It may also be necessary to break off the first 6-12
in. of the capillary column.  The use of a guard column (Sec. 4.1.6) between the injection
port and the analytical column may help prolong analytical column performance.

7.3.2 The internal standards selected in Sec. 5.4 should permit most of the components
of interest in a chromatogram to have retention times of 0.80-1.20 relative to one of the internal
standards.  Use the base peak ion from the specific internal standard as the primary ion for
quantitation (see Table 1).  If interferences are noted, use the next most intense ion as the
quantitation ion (i.e. for 1,4-dichlorobenzene-d , use 152 m/z for quantitation).4

7.3.3 Analyze 1-2 µL of each calibration standard (containing internal standards) and
tabulate the area of the primary characteristic ion against concentration for each target analyte
(as indicated in Table 1).  A set of at least five calibration standards is necessary (see Sec. 5.6
and Method 8000).  The injection volume must be the same for all standards and sample
extracts.  Figure 1 shows a chromatogram of a calibration standard containing base/neutral
and acid analytes.  

Calculate response factors (RFs) for each target analyte relative to one of the internal
standards as follows:

where:

A = Peak area (or height) of the analyte or surrogate.s

A = Peak area (or height) of the internal standard.is

C = Concentration of the analyte or surrogate, in µg/L.s

C = Concentration of the internal standard, in µg/L.is

7.3.4 System performance check compounds (SPCCs)

7.3.4.1 A system performance check must be performed to ensure that
minimum average RFs are met before the calibration curve is used.  For semivolatiles,
the System Performance Check Compounds (SPCCs) are:  N-nitroso-di-n-propylamine;
hexachlorocyclopentadiene; 2,4-dinitrophenol; and 4-nitrophenol.  

7.3.4.2 The minimum acceptable average RF for these compounds is 0.050.
These SPCCs typically have very low RFs (0.1-0.2) and tend to decrease in response as
the chromatographic system begins to deteriorate or the standard material begins to
deteriorate.  They are usually the first to show poor performance.  Therefore, they must
meet the minimum requirement when the system is calibrated.

7.3.4.3 If the minimum response factors are not met, the system must be
evaluated, and corrective action must be taken before sample analysis begins.  Possible
problems include standard mixture degradation, injection port inlet contamination,
contamination at the front end of the analytical column, and active sites in the column or
chromatographic system.  This check must be met before sample analysis begins.
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7.3.5 Calibration check compounds (CCCs)

7.3.5.1 The purpose of the CCCs are to evaluate the calibration from the
standpoint of the integrity of the system.  High variability for these compounds may be
indicative of system leaks or reactive sites on the column.  Meeting the CCC criteria is
not a substitute for successful calibration of the target analytes using one of the
approaches described in Section 7.0 of Method 8000.

7.3.5.2 Calculate the mean response factor and the relative standard deviation
(RSD) of the response factors for each target analyte. The RSD should be less than or
equal to 15% for each target analyte.  However, the RSD for each individual CCC (see
Table 4) must be less than or equal to 30%.

7.3.5.3 If the RSD of any CCC is greater than 30%, then the chromatographic
system is too reactive for analysis to begin.  Clean or replace the injector liner and/or
capillary column, then repeat the calibration procedure beginning with Sec. 7.3.

7.3.5.4 If the CCCs are not included in the list of analytes for a project, and
therefore not included in the calibration standards, refer to Sec. 7.0 of Method 8000. 

7.3.6 Evaluation of retention times - The relative retention time (RRT) of each target
analyte in each calibration standard should agree within 0.06 RRT units.  Late-eluting target
analytes usually have much better agreement.

7.3.7 Linearity of target analytes - If the RSD of any target analytes is 15% or less, then
the relative response factor is assumed to be constant over the calibration range, and the
average relative response factor may be used for quantitation (Sec. 7.6.2).

7.3.7.1 If the RSD of any target analyte is greater than 15%, refer to Sec. 7.0
in Method 8000 for additional calibration options.  One of the options must be applied to
GC/MS calibration in this situation, or a new initial calibration must be performed.

NOTE: Method 8000 designates a linearity criterion of 20% RSD.  That criterion
pertains to GC and HPLC methods other than GC/MS.  Method 8270
requires 15% RSD as evidence of sufficient linearity to employ an
average response factor.

7.3.7.2 When the RSD exceeds 15%, the plotting and visual inspection of a
calibration curve can be a useful diagnostic tool.  The inspection may indicate analytical
problems, including errors in standard preparation, the presence of active sites in the
chromatographic system, analytes that exhibit poor chromatographic behavior, etc.
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7.4 GC/MS calibration verification - Calibration verification consists of three steps that are
performed at the beginning of each 12-hour analytical shift.

7.4.1 Prior to the analysis of samples or calibration standards, inject 50 ng of the
DFTPP standard into the GC/MS system.  The resultant mass spectrum for DFTPP must meet
the criteria given in Table 3 before sample analysis begins.  These criteria must be
demonstrated each 12-hour shift during which samples are analyzed.

7.4.2 The initial calibration (Sec. 7.3) for each compound of interest should be verified
once every 12 hours prior to sample analysis, using the introduction technique and conditions
used for samples.  This is accomplished by analyzing a calibration standard at a concentration
near the midpoint concentration for the calibrating range of the GC/MS.  The results from the
calibration standard analysis should meet the verification acceptance criteria provided in Secs.
7.4.4 through 7.4.7.

NOTE: The DFTPP and calibration verification standard may be combined into a
single standard as long as both tuning and calibration verification acceptance
criteria for the project can be met without interferences. 

7.4.3 A method blank should be analyzed after the calibration
standard, or at any other time during the analytical shift, to ensure that the total system
(introduction device, transfer lines and GC/MS system) is free of contaminants.  If the method
blank indicates contamination, then it may be appropriate to analyze a solvent blank to
demonstrate that the contamination is not a result of carryover from standards or samples.
See Sec. 8.0 of Method 8000B for method blank performance criteria.

7.4.4 System performance check compounds (SPCCs)

7.4.4.1 A system performance check must be made during every 12-hour
analytical shift.  Each SPCC in the calibration verification standard must meet a minimum
response factor of 0.050.  This is the same check that is applied during the initial
calibration.

7.4.4.2 If the minimum response factors are not met, the system must be
evaluated, and corrective action must be taken before sample analysis begins.  Possible
problems include standard mixture degradation, injection port inlet contamination,
contamination at the front end of the analytical column, and active sites in the column or
chromatographic system.  This check must be met before sample analysis begins.

7.4.5 Calibration check compounds (CCCs)

7.4.5.1 After the system performance check is met, the CCCs listed in Table
4 are used to check the validity of the initial calibration.  Use percent difference when
performing the average response factor model calibration.  Use percent drift when
calibrating using a regression fit model.  Refer to Sec. 7.0 of Method 8000 for guidance
on calculating percent difference and drift.

7.4.5.2 If the percent difference for each CCC is less than or equal to 20%, then
the initial calibration is assumed to be valid.  If the criterion is not met (i.e., greater than
20% difference or drift) for any one CCC, then corrective action must be taken prior to
the analysis of samples.  If the CCCs are not included in the list of analytes for a project,
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and therefore not included in the calibration standards, then all analytes must meet the
20% difference or drift criterion.

7.4.5.3 Problems similar to those listed under SPCCs could affect the CCCs.
If the problem cannot be corrected by other measures, a new initial calibration must be
generated.  The CCC criteria must be met before sample analysis begins.  

7.4.6 Internal standard retention time - The retention times of the internal standards in
the calibration verification standard must be evaluated immediately after or during data
acquisition.  If the retention time for any internal standard changes by more than 30 seconds
from that in the mid-point standard level of the most recent initial calibration sequence, then
the chromatographic system must be inspected for malfunctions and corrections must be
made, as required.  When corrections are made, reanalysis of samples analyzed while the
system was malfunctioning is required.

7.4.7 Internal standard response - If the EICP area for any of the internal standards in
the calibration verification standard changes by a factor of two (-50% to +100%) from that in
the mid-point standard level of the most recent initial calibration sequence, the mass
spectrometer must be inspected for malfunctions and corrections must be made, as
appropriate.  When corrections are made, reanalysis of samples analyzed while the system
was malfunctioning is required.

7.5 GC/MS analysis of samples

7.5.1 It is highly recommended that sample extracts be screened on a GC/FID or
GC/PID using the same type of capillary column used in the GC/MS system.  This will minimize
contamination of the GC/MS system from unexpectedly high concentrations of organic
compounds.

7.5.2 Allow the sample extract to warm to room temperature.  Just prior to analysis, add
10 µL of the internal standard solution to the 1-mL concentrated sample extract obtained from
sample preparation.

7.5.3 Inject a 1-2 µL aliquot of the sample extract into the GC/MS system, using the
same operating conditions that were used for the calibration (Sec. 7.3).  The volume to be
injected should contain 100 ng of base/neutral and 200 ng of acid surrogates (assuming 100%
recovery), unless a more sensitive GC/MS system is being used and the surrogate solution is
less concentrated then that listed in Sec. 5.7.  The injection volume must be the same volume
used for the calibration standards.

7.5.4 If the response for any quantitation ion exceeds the initial calibration range of the
GC/MS system, the sample extract must be diluted and reanalyzed.  Additional internal
standard must be added to the diluted extract to maintain the same concentration as in the
calibration standards (40 ng/µL, unless a more sensitive GC/MS system is being used).

NOTE: It may be a useful diagnostic tool to monitor internal standard retention times
and responses (area counts) in all samples, spikes, blanks, and standards
to effectively check drifting method performance, poor injection execution,
and anticipate the need for system inspection and/or maintenance.

7.5.5 The use of selected ion monitoring (SIM) is acceptable for applications requiring
detection limits below the normal range of electron impact mass spectrometry.  However, SIM
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may provide a lesser degree of confidence in the compound identification unless multiple ions
are monitored for each compound.

7.6 Qualitative analysis

7.6.1 The qualitative identification of compounds determined by this method is based
on retention time and on comparison of the sample mass spectrum, after background
correction, with characteristic ions in a reference mass spectrum.  The reference mass
spectrum must be generated by the laboratory using the conditions of this method.  The
characteristic ions from the reference mass spectrum are defined as the three ions of greatest
relative intensity, or any ions over 30% relative intensity, if less than three such ions occur in
the reference spectrum.  Compounds are identified when the following criteria are met.

7.6.1.1 The intensities of the characteristic ions of a compound must maximize
in the same scan or within one scan of each other.  Selection of a peak by a data system
target compound search routine where the search is based on the presence of a target
chromatographic peak containing ions specific for the target compound at a
compound-specific retention time will be accepted as meeting this criterion.

7.6.1.2 The RRT of the sample component is within ± 0.06 RRT units of the
RRT of the standard component.

7.6.1.3 The relative intensities of the characteristic ions agree within 30% of the
relative intensities of these ions in the reference spectrum.  (Example:  For an ion with
an abundance of 50% in the reference spectrum, the corresponding abundance in a
sample spectrum can range between 20% and 80%.)

7.6.1.4 Structural isomers that produce very similar mass spectra should be
identified as individual isomers if they have sufficiently different GC retention times.
Sufficient GC resolution is achieved if the height of the valley between two isomer peaks
is less than 25% of the sum of the two peak heights.  Otherwise, structural isomers are
identified as isomeric pairs.  Diastereomeric pairs (e.g., Aramite and Isosafrol) that may
be separable by the GC should be identified, quantitated and reported as the sum of both
compounds by the GC.

7.6.1.5 Identification is hampered when sample components are not resolved
chromatographically and produce mass spectra containing ions contributed by more than
one analyte.  When gas chromatographic peaks obviously represent more than one
sample component (i.e., a broadened peak with shoulder(s) or a valley between two or
more maxima), appropriate selection of analyte spectra and background spectra is
important.  

7.6.1.6 Examination of extracted ion current profiles of appropriate ions can aid
in the selection of spectra and in qualitative identification of compounds.  When analytes
coelute (i.e., only one chromatographic peak is apparent), the identification criteria may
be met, but each analyte spectrum will contain extraneous ions contributed by the
coeluting compound.

7.6.2 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 purpose of the
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analyses being conducted.  Data system library search routines should not use normalization
routines that would misrepresent the library or unknown spectra when compared to each other.

For example, the RCRA permit or waste delisting requirements may require the reporting
of non-target analytes.  Only after visual comparison of sample spectra with the nearest library
searches may the analyst assign a tentative identification.  Guidelines for tentative
identification are:

(1) Relative intensities of major ions in the reference spectrum (ions > 10% of the
most abundant ion) should be present in the sample spectrum.

(2) The relative intensities of the major ions should agree within ± 20%.  (Example:
For an ion with an abundance of 50% in the standard spectrum, the
corresponding sample ion abundance must be between 30 and 70%.)

(3) Molecular ions present in the reference spectrum should be present in the
sample 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.

(5) Ions present in the reference spectrum but not in the sample 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.

7.7 Quantitative analysis

7.7.1 Once a compound has been identified, the quantitation of that compound will be
based on the integrated abundance of the primary characteristic ion from the EICP.  

7.7.2 If the RSD of a compound's response factor is 15% or less, then the
concentration in the extract may be determined using the average response factor (&R&F) from
initial calibration data (Sec. 7.3.5).  See Method 8000, Sec. 7.0, for the equations describing
internal standard calibration and either linear or non-linear calibrations. 

7.7.3 Where applicable, the concentration of any non-target analytes identified in the
sample (Sec. 7.6.2) should be estimated.  The same formulae should be used with the
following modifications:  The areas A  and A  should be from the total ion chromatograms, andx  is

the RF for the compound should be assumed to be 1.

7.7.4 The resulting concentration should be reported indicating:  (1) that the value is
an estimate, and (2) which internal standard was used to determine concentration.  Use the
nearest internal standard free of interferences.

7.7.5 Quantitation of multicomponent compounds (e.g., Toxaphene, Aroclors, etc.) is
beyond the scope of Method 8270.  Normally, quantitation is performed using a GC/ECD, by
Methods 8081 or 8082.  However, Method 8270 may be used to confirm the identification of
these compounds, when the concentrations are at least 10 ng/µL in the concentrated sample
extract.
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7.7.6 Structural isomers that produce very similar mass spectra should be quantitated
as individual isomers if they have sufficiently different GC retention times.  Sufficient GC
resolution is achieved if the height of the valley between two isomer peaks is less than 25%
of the sum of the two peak heights.  Otherwise, structural isomers are quantitated as isomeric
pairs.  Diastereomeric pairs (e.g., Aramite and Isosafrol) that may be separable by the GC
should be summed and reported as the sum of both compounds.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One and Method 8000 for specific quality control (QC) procedures.
Quality control procedures to ensure the proper operation of the various sample preparation and/or
sample introduction techniques can be found in Method 3500.   Each laboratory should maintain a
formal quality assurance program.  The laboratory should also maintain records to document the
quality of the data generated.

8.2 Quality control procedures necessary to evaluate the GC system operation are found in
Sec. 7.0 of Method 8000 and include calibration verification and chromatographic analysis of
samples.  In addition, instrument QC requirements may be found in the following sections of Method
8270:

8.2.1 The GC/MS system must be tuned to meet the DFTPP criteria listed in Secs.
7.3.1 and 7.4.1.

8.2.2 There must be an initial calibration of the GC/MS system as described in Sec. 7.3.

8.2.3 The GC/MS system must meet the calibration verification acceptance criteria in
Sec. 7.4, each 12 hours.  

8.2.4 The RRT of the sample component must fall within the RRT window of the
standard component provided in Sec. 7.6.1.

8.3 Initial Demonstration of Proficiency - Each laboratory must demonstrate initial proficiency
with each sample preparation and determinative method combination it utilizes, by generating data
of acceptable accuracy and precision for target analytes in a clean matrix.  The laboratory must also
repeat the following operations whenever new staff are trained or significant changes in
instrumentation are made.  See Method 8000, Sec. 8.0 for information on how to accomplish this
demonstration.

8.4 Sample Quality Control for Preparation and Analysis - The laboratory must also have
procedures for documenting the effect of the matrix on method performance (precision, accuracy,
and detection limit).  At a minimum, this includes the analysis of QC samples including a method
blank, matrix spike, a duplicate, and a laboratory control sample (LCS) in each analytical batch and
the addition of surrogates to each field sample and QC sample.

8.4.1 Before processing any samples, the analyst should demonstrate, through the
analysis of a method blank, that interferences from the analytical system, glassware, and
reagents are under control.  Each time a set of samples is analyzed or there is a change in
reagents, a method blank should be analyzed as a safeguard against chronic laboratory
contamination.  The blanks should be carried through all stages of sample preparation and
measurement.  
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8.4.2 Documenting the effect of the matrix should include the analysis of at least one
matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike duplicate pair.
The decision on whether to prepare and analyze duplicate samples or a matrix spike/matrix
spike duplicate must be based on a knowledge of the samples in the sample batch.  If samples
are expected to contain target analytes, then laboratories may use one matrix spike and a
duplicate analysis of an unspiked field sample.  If samples are not expected to contain target
analytes, laboratories should use a matrix spike and matrix spike duplicate pair.

8.4.3 A Laboratory Control Sample (LCS) should be included with each analytical batch.
The LCS consists of an aliquot of a clean (control) matrix similar to the sample matrix and of
the same weight or volume.  The LCS is spiked with the same analytes at the same
concentrations as the matrix spike.  When the results of the matrix spike analysis indicate a
potential problem due to the sample matrix itself, the LCS results are used to verify that the
laboratory can perform the analysis in a clean matrix.

8.4.4 See Method 8000, Sec. 8.0 for the details on carrying out sample quality control
procedures for preparation and analysis.

8.5 Surrogate recoveries - The laboratory must evaluate surrogate recovery data from
individual samples versus the surrogate control limits developed by the laboratory.  See Method
8000, Sec. 8.0 for information on evaluating surrogate data and developing and updating surrogate
limits.

8.6 The experience of the analyst performing GC/MS analyses is invaluable to the success
of the methods.  Each day that analysis is performed, the calibration verification standard should be
evaluated to determine if the chromatographic system is operating properly.  Questions that should
be asked are:  Do the peaks look normal?  Is the response obtained comparable to the response
from previous calibrations?  Careful examination of the standard chromatogram can indicate whether
the column is still performing acceptably, the injector is leaking, the injector septum needs replacing,
etc.  If any changes are made to the system (e.g., the column changed, a septum is changed), see
the guidance in Sec 8.2 of Method 8000 regarding whether recalibration of the system must take
place.

8.7 It is recommended that the laboratory adopt additional quality assurance practices for use
with this method.  The specific practices that are most productive depend upon the needs of the
laboratory and the nature of the samples.  Whenever possible, the laboratory should analyze
standard reference materials and participate in relevant performance evaluation studies.

9.0 METHOD PERFORMANCE

9.1 Method 8250 (the packed column version of Method 8270) was tested by 15 laboratories
using organic-free reagent water, drinking water, surface water, and industrial wastewaters spiked
at six concentrations ranging from 5 to 1,300 µg/L.  Single operator accuracy and precision, and
method accuracy were found to be directly related to the concentration of the analyte and essentially
independent of the sample matrix.  Linear equations to describe these relationships are presented
in Table 7.  These values are presented as guidance only and are not intended as absolute
acceptance criteria.  Laboratories should generate their own acceptance criteria for capillary column
method performance.  (See Method 8000.)
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9.2 Chromatograms from calibration standards analyzed with Day 0 and Day 7 samples were
compared to detect possible deterioration of GC performance.  These recoveries (using Method
3510 extraction) are presented in Table 8.

9.3 Method performance data (using Method 3541 Automated Soxhlet extraction) are
presented in Table 9.  Single laboratory accuracy and precision data were obtained for semivolatile
organics in a clay soil by spiking at a concentration of 6 mg/kg for each compound.  The spiking
solution was mixed into the soil during addition and then allowed to equilibrate for approximately 1
hour prior to extraction.  The spiked samples were then extracted by Method 3541 (Automated
Soxhlet).  Three determinations were performed and each extract was analyzed by gas
chromatography/ mass spectrometry following Method 8270.  The low recovery of the more volatile
compounds is probably due to volatilization losses during equilibration.  These data are listed in
Table 10 and were taken from Reference 7.

9.4 Surrogate precision and accuracy data are presented in Table 11 from a field dynamic
spiking study based on air sampling by Method 0010.  The trapping media were prepared for analysis
by Method 3542 and subsequently analyzed by Method 8270.  

9.5 Single laboratory precision and bias data (using Method 3545 Accelerated Solvent
Extraction) for semivolatile organic compounds are presented in Table 12.  The samples were
conditioned spiked samples prepared and certified by a commercial supplier that contained 57
semivolatile organics at three concentrations (250, 2500, and 12,500 µg/kg) on three types of soil
(clay, loam and sand).  Spiked samples were extracted both by the Dionex Accelerated Solvent
Extraction system and by Perstorp Environmental Soxtec™ (automated Soxhlet).  The data
presented in Table 12 represents seven replicate extractions and analyses for each individual
sample and were taken from reference 9.  The average recoveries from the three matrices for all
analytes and all replicates relative to the automated Soxhlet data are as follows:  clay 96.8%, loam
98.7% and sand 102.1%.  The average recoveries from the three concentrations also relative to the
automated Soxhlet data are as follows:  low-101.2%, mid-97.2% and high-99.2%.

9.6 Single laboratory precision and bias data (using Method 3561 SFE Extraction of PAHs
with a variable restrictor and solid trapping material) were obtained for the method analytes by the
extraction of two certified reference materials (one, EC-1, a lake sediment from Environment Canada
and the other, HS-3, a marine sediment from the National Science and Engineering Research
Council of Canada, both naturally-contaminated with PAHs).  The SFE instrument used for these
extractions was a Hewlett-Packard Model 7680.  Analysis was by GC/MS.  Average recoveries from
six replicate extractions range from 85 to 148% (overall average of 100%) based on the certified
value (or a Soxhlet value if a certified value was unavailable for a specific analyte) for the lake
sediment.  Average recoveries from three replicate extractions range from 73 to 133% (overall
average of 92%) based on the certified value for the marine sediment.  The data are found in Tables
13 and 14 and were taken from Reference 10.

9.7 Single laboratory precision and accuracy data (using Method 3561 SFE Extraction of
PAHs with a fixed restrictor and liquid trapping) were obtained for twelve of the method analytes by
the extraction of a certified reference material (a soil naturally contaminated with PAHs).  The SFE
instrument used for these extractions was a Dionex Model 703-M.  Analysis was by GC/MS.
Average recoveries from four replicate extractions range from 60 to 122% (overall average of 89%)
based on the certified value.  Following are the instrument conditions that were utilized to extract a
3.4 g sample:  Pressure - 300 atm; Time - 60 min.; Extraction fluid - CO ; Modifier - 10% 1:1 (v/v)2

methanol/methylene chloride; Oven temperature - 80EC; Restrictor temperature - 120EC; and,
Trapping fluid - chloroform (methylene chloride has also been used).  The data are found in Table
15 and were taken from Reference 11.
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TABLE 1

CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS

Retention Primary Secondary
Compound Time (min) Ion Ion(s)

2-Picoline 3.75 93 66,92a

Aniline 5.68 93 66,65
Phenol 5.77 94 65,66
Bis(2-chloroethyl) ether 5.82 93 63,95
2-Chlorophenol 5.97 128 64,130
1,3-Dichlorobenzene 6.27 146 148,111
1,4-Dichlorobenzene-d  (IS) 6.35 152 150,1154

1,4-Dichlorobenzene 6.40 146 148,111
Benzyl alcohol 6.78 108 79,77
1,2-Dichlorobenzene 6.85 146 148,111
N-Nitrosomethylethylamine 6.97 88 42,43,56
Bis(2-chloroisopropyl) ether 7.22 45 77,121
Ethyl carbamate 7.27 62 44,45,74
Thiophenol (Benzenethiol) 7.42 110 66,109,84
Methyl methanesulfonate 7.48 80 79,65,95
N-Nitrosodi-n-propylamine 7.55 70 42,101,130
Hexachloroethane 7.65 117 201,199
Maleic anhydride 7.65 54 98,53,44
Nitrobenzene 7.87 77 123,65
Isophorone 8.53 82 95,138
N-Nitrosodiethylamine 8.70 102 42,57,44,56
2-Nitrophenol 8.75 139 109,65
2,4-Dimethylphenol 9.03 122 107,121
p-Benzoquinone 9.13 108 54,82,80
Bis(2-chloroethoxy)methane 9.23 93 95,123
Benzoic acid 9.38 122 105,77
2,4-Dichlorophenol 9.48 162 164,98
Trimethyl phosphate 9.53 110 79,95,109,140
Ethyl methanesulfonate 9.62 79 109,97,45,65
1,2,4-Trichlorobenzene 9.67 180 182,145
Naphthalene-d  (IS) 9.75 136 688

Naphthalene 9.82 128 129,127
Hexachlorobutadiene 10.43 225 223,227
Tetraethyl pyrophosphate 11.07 99 155,127,81,109
Diethyl sulfate 11.37 139 45,59,99,111,125
4-Chloro-3-methylphenol 11.68 107 144,142
2-Methylnaphthalene 11.87 142 141
2-Methylphenol 12.40 107 108,77,79,90
Hexachloropropene 12.45 213 211,215,117,106,141
Hexachlorocyclopentadiene 12.60 237 235,272
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TABLE 1
(continued)

Retention Primary Secondary
Compound Time (min) Ion Ion(s)

N-Nitrosopyrrolidine 12.65 100 41,42,68,69
Acetophenone 12.67 105 71,51,120
4-Methylphenol 12.82 107 108,77,79,90
2,4,6-Trichlorophenol 12.85 196 198,200
o-Toluidine 12.87 106 107,77,51,79
3-Methylphenol 12.93 107 108,77,79,90
2-Chloronaphthalene 13.30 162 127,164
N-Nitrosopiperidine 13.55 114 42,55,56,41
1,4-Phenylenediamine 13.62 108 80,53,54,52
1-Chloronaphthalene 13.65 162 127,164a

2-Nitroaniline 13.75 65 92,138
5-Chloro-2-methylaniline 14.28 106 141,140,77,89
Dimethyl phthalate 14.48 163 194,164
Acenaphthylene 14.57 152 151,153
2,6-Dinitrotoluene 14.62 165 63,89
Phthalic anhydride 14.62 104 76,50,148
o-Anisidine 15.00 108 80,123,52
3-Nitroaniline 15.02 138 108,92
Acenaphthene-d  (IS) 15.05 164 162,16010

Acenaphthene 15.13 154 153,152
2,4-Dinitrophenol 15.35 184 63,154
2,6-Dinitrophenol 15.47 162 164,126,98,63
4-Chloroaniline 15.50 127 129,65,92
Isosafrole 15.60 162 131,104,77,51
Dibenzofuran 15.63 168 139
2,4-Diaminotoluene 15.78 121 122,94,77,104
2,4-Dinitrotoluene 15.80 165 63,89
4-Nitrophenol 15.80 139 109,65
2-Naphthylamine 16.00 143 115,116a

1,4-Naphthoquinone 16.23 158 104,102,76,50,130
p-Cresidine 16.45 122 94,137,77,93
Dichlorovos 16.48 109 185,79,145
Diethyl phthalate 16.70 149 177,150
Fluorene 16.70 166 165,167
2,4,5-Trimethylaniline 16.70 120 135,134,91,77
N-Nitrosodi-n-butylamine 16.73 84 57,41,116,158
4-Chlorophenyl phenyl ether 16.78 204 206,141
Hydroquinone 16.93 110 81,53,55
4,6-Dinitro-2-methylphenol 17.05 198 51,105
Resorcinol 17.13 110 81,82,53,69
N-Nitrosodiphenylamine 17.17 169 168,167
Safrole 17.23 162 104,77,103,135
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TABLE 1
(continued)

Retention Primary Secondary
Compound Time (min) Ion Ion(s)

Hexamethyl phosphoramide 17.33 135 44,179,92,42
3-(Chloromethyl)pyridine hydrochloride 17.50 92 127,129,65,39
Diphenylamine 17.54 169 168,167a

1,2,4,5-Tetrachlorobenzene 17.97 216 214,179,108,143,218
1-Naphthylamine 18.20 143 115,89,63
1-Acetyl-2-thiourea 18.22 118 43,42,76
4-Bromophenyl phenyl ether 18.27 248 250,141
Toluene diisocyanate 18.42 174 145,173,146,132,91
2,4,5-Trichlorophenol 18.47 196 198,97,132,99
Hexachlorobenzene 18.65 284 142,249
Nicotine 18.70 84 133,161,162
Pentachlorophenol 19.25 266 264,268
5-Nitro-o-toluidine 19.27 152 77,79,106,94
Thionazine 19.35 107 96,97,143,79,68
4-Nitroaniline 19.37 138 65,108,92,80,39
Phenanthrene-d  (IS) 19.55 188 94,8010

Phenanthrene 19.62 178 179,176
Anthracene 19.77 178 176,179
1,4-Dinitrobenzene 19.83 168 75,50,76,92,122
Mevinphos 19.90 127 192,109,67,164
Naled 20.03 109 145,147,301,79,189
1,3-Dinitrobenzene 20.18 168 76,50,75,92,122
Diallate (cis or trans) 20.57 86 234,43,70
1,2-Dinitrobenzene 20.58 168 50,63,74
Diallate (trans or cis) 20.78 86 234,43,70
Pentachlorobenzene 21.35 250 252,108,248,215,254
5-Nitro-o-anisidine 21.50 168 79,52,138,153,77
Pentachloronitrobenzene 21.72 237 142,214,249,295,265
4-Nitroquinoline-1-oxide 21.73 174 101,128,75,116
Di-n-butyl phthalate 21.78 149 150,104
2,3,4,6-Tetrachlorophenol 21.88 232 131,230,166,234,168
Dihydrosaffrole 22.42 135 64,77
Demeton-O 22.72 88 89,60,61,115,171
Fluoranthene 23.33 202 101,203
1,3,5-Trinitrobenzene 23.68 75 74,213,120,91,63
Dicrotophos 23.82 127 67,72,109,193,237
Benzidine 23.87 184 92,185
Trifluralin 23.88 306 43,264,41,290
Bromoxynil 23.90 277 279,88,275,168
Pyrene 24.02 202 200,203
Monocrotophos 24.08 127 192,67,97,109
Phorate 24.10 75 121,97,93,260
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TABLE 1
(continued)

Retention Primary Secondary
Compound Time (min) Ion Ion(s)

Sulfallate 24.23 188 88,72,60,44
Demeton-S 24.30 88 60,81,89,114,115
Phenacetin 24.33 108 180,179,109,137,80
Dimethoate 24.70 87 93,125,143,229
Phenobarbital 24.70 204 117,232,146,161
Carbofuran 24.90 164 149,131,122
Octamethyl pyrophosphoramide 24.95 135 44,199,286,153,243
4-Aminobiphenyl 25.08 169 168,170,115
Dioxathion 25.25 97 125,270,153
Terbufos 25.35 231 57,97,153,103
","-Dimethylphenylamine 25.43 58 91,65,134,42
Pronamide 25.48 173 175,145,109,147
Aminoazobenzene 25.72 197 92,120,65,77
Dichlone 25.77 191 163,226,228,135,193
Dinoseb 25.83 211 163,147,117,240
Disulfoton 25.83 88 97,89,142,186
Fluchloralin 25.88 306 63,326,328,264,65
Mexacarbate 26.02 165 150,134,164,222
4,4'-Oxydianiline 26.08 200 108,171,80,65
Butyl benzyl phthalate 26.43 149 91,206
4-Nitrobiphenyl 26.55 199 152,141,169,151
Phosphamidon 26.85 127 264,72,109,138
2-Cyclohexyl-4,6-Dinitrophenol 26.87 231 185,41,193,266
Methyl parathion 27.03 109 125,263,79,93
Carbaryl 27.17 144 115,116,201
Dimethylaminoazobenzene 27.50 225 120,77,105,148,42
Propylthiouracil 27.68 170 142,114,83
Benz(a)anthracene 27.83 228 229,226
Chrysene-d  (IS) 27.88 240 120,23612

3,3'-Dichlorobenzidine 27.88 252 254,126
Chrysene 27.97 228 226,229
Malathion 28.08 173 125,127,93,158
Kepone 28.18 272 274,237,178,143,270
Fenthion 28.37 278 125,109,169,153
Parathion 28.40 109 97,291,139,155
Anilazine 28.47 239 241,143,178,89
Bis(2-ethylhexyl) phthalate 28.47 149 167,279
3,3'-Dimethylbenzidine 28.55 212 106,196,180
Carbophenothion 28.58 157 97,121,342,159,199
5-Nitroacenaphthene 28.73 199 152,169,141,115
Methapyrilene 28.77 97 50,191,71
Isodrin 28.95 193 66,195,263,265,147
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TABLE 1
(continued)

Retention Primary Secondary
Compound Time (min) Ion Ion(s)

Captan 29.47 79 149,77,119,117
Chlorfenvinphos 29.53 267 269,323,325,295
Crotoxyphos 29.73 127 105,193,166
Phosmet 30.03 160 77,93,317,76
EPN 30.11 157 169,185,141,323
Tetrachlorvinphos 30.27 329 109,331,79,333
Di-n-octyl phthalate 30.48 149 167,43
2-Aminoanthraquinone 30.63 223 167,195
Barban 30.83 222 51,87,224,257,153
Aramite 30.92 185 191,319,334,197,321
Benzo(b)fluoranthene 31.45 252 253,125
Nitrofen 31.48 283 285,202,139,253
Benzo(k)fluoranthene 31.55 252 253,125
Chlorobenzilate 31.77 251 139,253,111,141
Fensulfothion 31.87 293 97,308,125,292
Ethion 32.08 231 97,153,125,121
Diethylstilbestrol 32.15 268 145,107,239,121,159
Famphur 32.67 218 125,93,109,217
Tri-p-tolyl phosphate 32.75 368 367,107,165,198b

Benzo(a)pyrene 32.80 252 253,125
Perylene-d  (IS) 33.05 264 260,26512

7,12-Dimethylbenz(a)anthracene 33.25 256 241,239,120
5,5-Diphenylhydantoin 33.40 180 104,252,223,209
Captafol 33.47 79 77,80,107
Dinocap 33.47 69 41,39
Methoxychlor 33.55 227 228,152,114,274,212
2-Acetylaminofluorene 33.58 181 180,223,152
4,4'-Methylenebis(2-chloroaniline) 34.38 231 266,268,140,195
3,3'-Dimethoxybenzidine 34.47 244 201,229
3-Methylcholanthrene 35.07 268 252,253,126,134,113
Phosalone 35.23 182 184,367,121,379
Azinphos-methyl 35.25 160 132,93,104,105
Leptophos 35.28 171 377,375,77,155,379
Mirex 35.43 272 237,274,270,239,235
Tris(2,3-dibromopropyl) phosphate 35.68 201 137,119,217,219,199
Dibenz(a,j)acridine 36.40 279 280,277,250
Mestranol 36.48 277 310,174,147,242
Coumaphos 37.08 362 226,210,364,97,109
Indeno(1,2,3-cd)pyrene 39.52 276 138,227
Dibenz(a,h)anthracene 39.82 278 139,279
Benzo(g,h,i)perylene 41.43 276 138,277
1,2:4,5-Dibenzopyrene 41.60 302 151,150,300
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TABLE 1
(continued)

Retention Primary Secondary
Compound Time (min) Ion Ion(s)

Strychnine 45.15 334 334,335,333
Piperonyl sulfoxide 46.43 162 135,105,77
Hexachlorophene 47.98 196 198,209,211,406,408
Aldrin -- 66 263,220
Aroclor 1016 -- 222 260,292
Aroclor 1221 -- 190 224,260
Aroclor 1232 -- 190 224,260
Aroclor 1242 -- 222 256,292
Aroclor 1248 -- 292 362,326
Aroclor 1254 -- 292 362,326
Aroclor 1260 -- 360 362,394
"-BHC -- 183 181,109
$-BHC -- 181 183,109
*-BHC -- 183 181,109
(-BHC (Lindane) -- 183 181,109
4,4'-DDD -- 235 237,165
4,4'-DDE -- 246 248,176
4,4'-DDT -- 235 237,165
Dieldrin -- 79 263,279
1,2-Diphenylhydrazine -- 77 105,182
Endosulfan I -- 195 339,341
Endosulfan II -- 337 339,341
Endosulfan sulfate -- 272 387,422
Endrin -- 263 82,81
Endrin aldehyde -- 67 345,250
Endrin ketone -- 317 67,319
2-Fluorobiphenyl (surr) -- 172 171
2-Fluorophenol (surr) -- 112 64
Heptachlor -- 100 272,274
Heptachlor epoxide -- 353 355,351
Nitrobenzene-d  (surr) -- 82 128,545

N-Nitrosodimethylamine -- 42 74,44
Phenol-d  (surr) -- 99 42,716

Terphenyl-d  (surr) -- 244 122,21214

2,4,6-Tribromophenol (surr) -- 330 332,141
Toxaphene -- 159 231,233

IS  = internal standard
surr = surrogate
Estimated retention timesa

Substitute for the non-specific mixture, tricresyl phosphateb
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TABLE 2

ESTIMATED QUANTITATION LIMITS (EQLs) FOR SEMIVOLATILE ORGANICS

Estimated Quantitation Limitsa

Ground water Low Soil/Sedimentb

Compound µg/L µg/kg

Acenaphthene 10 660
Acenaphthylene 10 660
Acetophenone 10 ND
2-Acetylaminofluorene 20 ND
1-Acetyl-2-thiourea 1000 ND
2-Aminoanthraquinone 20 ND
Aminoazobenzene 10 ND
4-Aminobiphenyl 20 ND
Anilazine 100 ND
o-Anisidine 10 ND
Anthracene 10 660
Aramite 20 ND
Azinphos-methyl 100 ND
Barban 200 ND
Benz(a)anthracene 10 660
Benzo(b)fluoranthene 10 660
Benzo(k)fluoranthene 10 660
Benzoic acid 50 3300
Benzo(g,h,i)perylene 10 660
Benzo(a)pyrene 10 660
p-Benzoquinone 10 ND
Benzyl alcohol 20 1300
Bis(2-chloroethoxy)methane 10 660
Bis(2-chloroethyl) ether 10 660
Bis(2-chloroisopropyl) ether 10 660
4-Bromophenyl phenyl ether 10 660
Bromoxynil 10 ND
Butyl benzyl phthalate 10 660
Captafol 20 ND
Captan 50 ND
Carbaryl 10 ND
Carbofuran 10 ND
Carbophenothion 10 ND
Chlorfenvinphos 20 ND
4-Chloroaniline 20 1300
Chlorobenzilate 10 ND
5-Chloro-2-methylaniline 10 ND
4-Chloro-3-methylphenol 20 1300
3-(Chloromethyl)pyridine hydrochloride 100 ND
2-Chloronaphthalene 10 660
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TABLE 2 (cont.)

Estimated Quantitation Limitsa

Ground water Low Soil/Sedimentb

Compound µg/L µg/kg

2-Chlorophenol 10 660
4-Chlorophenyl phenyl ether 10 660
Chrysene 10 660
Coumaphos 40 ND
p-Cresidine 10 ND
Crotoxyphos 20 ND
2-Cyclohexyl-4,6-dinitrophenol 100 ND
Demeton-O 10 ND
Demeton-S 10 ND
Diallate (cis or trans) 10 ND
Diallate (trans or cis) 10 ND
2,4-Diaminotoluene 20 ND
Dibenz(a,j)acridine 10 ND
Dibenz(a,h)anthracene 10 660
Dibenzofuran 10 660
Dibenzo(a,e)pyrene 10 ND
Di-n-butyl phthalate 10 ND
Dichlone NA ND
1,2-Dichlorobenzene 10 660
1,3-Dichlorobenzene 10 660
1,4-Dichlorobenzene 10 660
3,3'-Dichlorobenzidine 20 1300
2,4-Dichlorophenol 10 660
2,6-Dichlorophenol 10 ND
Dichlorovos 10 ND
Dicrotophos 10 ND
Diethyl phthalate 10 660
Diethylstilbestrol 20 ND
Diethyl sulfate 100 ND
Dimethoate 20 ND
3,3'-Dimethoxybenzidine 100 ND
Dimethylaminoazobenzene 10 ND
7,12-Dimethylbenz(a)anthracene 10 ND
3,3'-Dimethylbenzidine 10 ND
a,a-Dimethylphenethylamine ND ND
2,4-Dimethylphenol 10 660
Dimethyl phthalate 10 660
1,2-Dinitrobenzene 40 ND
1,3-Dinitrobenzene 20 ND
1,4-Dinitrobenzene 40 ND
4,6-Dinitro-2-methylphenol 50 3300
2,4-Dinitrophenol 50 3300
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TABLE 2 (cont.)

Estimated Quantitation Limitsa

Ground water Low Soil/Sedimentb

Compound µg/L µg/kg

2,4-Dinitrotoluene 10 660
2,6-Dinitrotoluene 10 660
Dinocap 100 ND
Dinoseb 20 ND
5,5-Diphenylhydantoin 20 ND
Di-n-octyl phthalate 10 660
Disulfoton 10 ND
EPN 10 ND
Ethion 10 ND
Ethyl carbamate 50 ND
Bis(2-ethylhexyl) phthalate 10 660
Ethyl methanesulfonate 20 ND
Famphur 20 ND
Fensulfothion 40 ND
Fenthion 10 ND
Fluchloralin 20 ND
Fluoranthene 10 660
Fluorene 10 660
Hexachlorobenzene 10 660
Hexachlorobutadiene 10 660
Hexachlorocyclopentadiene 10 660
Hexachloroethane 10 660
Hexachlorophene 50 ND
Hexachloropropene 10 ND
Hexamethylphosphoramide 20 ND
Hydroquinone ND ND
Indeno(1,2,3-cd)pyrene 10 660
Isodrin 20 ND
Isophorone 10 660
Isosafrole 10 ND
Kepone 20 ND
Leptophos 10 ND
Malathion 50 ND
Maleic anhydride NA ND
Mestranol 20 ND
Methapyrilene 100 ND
Methoxychlor 10 ND
3-Methylcholanthrene 10 ND
4,4'-Methylenebis(2-chloroaniline) NA ND
Methyl methanesulfonate 10 ND
2-Methylnaphthalene 10 660
Methyl parathion 10 ND
2-Methylphenol 10 660
3-Methylphenol 10 ND
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TABLE 2 (cont.)

Estimated Quantitation Limitsa

Ground water Low Soil/Sedimentb

Compound µg/L µg/kg

4-Methylphenol 10 660
Mevinphos 10 ND
Mexacarbate 20 ND
Mirex 10 ND
Monocrotophos 40 ND
Naled 20 ND
Naphthalene 10 660
1,4-Naphthoquinone 10 ND
1-Naphthylamine 10 ND
2-Naphthylamine 10 ND
Nicotine 20 ND
5-Nitroacenaphthene 10 ND
2-Nitroaniline 50 3300
3-Nitroaniline 50 3300
4-Nitroaniline 20 ND
5-Nitro-o-anisidine 10 ND
Nitrobenzene 10 660
4-Nitrobiphenyl 10 ND
Nitrofen 20 ND
2-Nitrophenol 10 660
4-Nitrophenol 50 3300
5-Nitro-o-toluidine 10 ND
4-Nitroquinoline-1-oxide 40 ND
N-Nitrosodi-n-butylamine 10 ND
N-Nitrosodiethylamine 20 ND
N-Nitrosodiphenylamine 10 660
N-Nitroso-di-n-propylamine 10 660
N-Nitrosopiperidine 20 ND
N-Nitrosopyrrolidine 40 ND
Octamethyl pyrophosphoramide 200 ND
4,4'-Oxydianiline 20 ND
Parathion 10 ND
Pentachlorobenzene 10 ND
Pentachloronitrobenzene 20 ND
Pentachlorophenol 50 3300
Phenacetin 20 ND
Phenanthrene 10 660
Phenobarbital 10 ND
Phenol 10 660
1,4-Phenylenediamine 10 ND
Phorate 10 ND
Phosalone 100 ND
Phosmet 40 ND
Phosphamidon 100 ND
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TABLE 2 (cont.)

Estimated Quantitation Limitsa

Ground water Low Soil/Sedimentb

Compound µg/L µg/kg

Phthalic anhydride 100 ND
2-Picoline ND ND
Piperonyl sulfoxide 100 ND
Pronamide 10 ND
Propylthiouracil 100 ND
Pyrene 10 660
Pyridine ND ND
Resorcinol 100 ND
Safrole 10 ND
Strychnine 40 ND
Sulfallate 10 ND
Terbufos 20 ND
1,2,4,5-Tetrachlorobenzene 10 ND
2,3,4,6-Tetrachlorophenol 10 ND
Tetrachlorvinphos 20 ND
Tetraethyl pyrophosphate 40 ND
Thionazine 20 ND
Thiophenol (Benzenethiol) 20 ND
o-Toluidine 10 ND
1,2,4-Trichlorobenzene 10 660
2,4,5-Trichlorophenol 10 660
2,4,6-Trichlorophenol 10 660
Trifluralin 10 ND
2,4,5-Trimethylaniline 10 ND
Trimethyl phosphate 10 ND
1,3,5-Trinitrobenzene 10 ND
Tris(2,3-dibromopropyl) phosphate 200 ND
Tri-p-tolyl phosphate(h) 10 ND
O,O,O-Triethyl phosphorothioate NT ND

Sample EQLs are highly matrix-dependent.  The EQLs listed here are provided for guidance anda

may not always be achievable.  
EQLs listed for soil/sediment are based on wet weight.  Normally, data are reported on a dryb

weight basis, therefore, EQLs will be higher based on the % dry weight of each sample.  These
EQLs are based on a 30-g sample and gel permeation chromatography cleanup.

ND = Not Determined
NA = Not Applicable
NT = Not Tested

Other Matrices Factorc

High-concentration soil and sludges by ultrasonic extractor 7.5
Non-water miscible waste 75

EQL = (EQL for Low Soil/Sediment given above in Table 2) x (Factor)c
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TABLE 3

DFTPP KEY IONS AND ION ABUNDANCE CRITERIAa,b

Mass Ion Abundance Criteria

51 30-60% of mass 198

68 < 2% of mass 69
70 < 2% of mass 69

127 40-60% of mass 198

197 < 1% of mass 198
198 Base peak, 100% relative abundance
199 5-9% of mass 198

275 10-30% of mass 198

365 > 1% of mass 198

441 Present but less than mass 443
442 > 40% of mass 198
443 17-23% of mass 442

Data taken from Reference 3.a

Alternate tuning criteria may be used, (e.g., CLP, Method 525, or manufacturers' instructions),b

provided that method performance is not adversely affected.

TABLE 4

CALIBRATION CHECK COMPOUNDS (CCC)

Base/Neutral Fraction Acid Fraction

Acenaphthene 4-Chloro-3-methylphenol
1,4-Dichlorobenzene 2,4-Dichlorophenol
Hexachlorobutadiene 2-Nitrophenol
Diphenylamine Phenol
Di-n-octyl phthalate Pentachlorophenol
Fluoranthene 2,4,6-Trichlorophenol
Benzo(a)pyrene
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TABLE 5

SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES
ASSIGNED FOR QUANTITATION

1,4-Dichlorobenzene-d Naphthalene-d Acenaphthene-d4 8 10

Aniline Acetophenone Acenaphthene
Benzyl alcohol Benzoic acid Acenaphthylene
Bis(2-chloroethyl) ether Bis(2-chloroethoxy)methane 1-Chloronaphthalene
Bis(2-chloroisopropyl) 4-Chloroaniline 2-Chloronaphthalene
  ether 4-Chloro-3-methylphenol 4-Chlorophenyl
2-Chlorophenol 2,4-Dichlorophenol   phenyl ether
1,3-Dichlorobenzene 2,6-Dichlorophenol Dibenzofuran
1,4-Dichlorobenzene ","-Dimethyl- Diethyl phthalate
1,2-Dichlorobenzene   phenethylamine Dimethyl phthalate
Ethyl methanesulfonate 2,4-Dimethylphenol 2,4-Dinitrophenol
2-Fluorophenol (surr) Hexachlorobutadiene 2,4-Dinitrotoluene
Hexachloroethane Isophorone 2,6-Dinitrotoluene
Methyl methanesulfonate 2-Methylnaphthalene Fluorene
2-Methylphenol Naphthalene 2-Fluorobiphenyl
4-Methylphenol Nitrobenzene   (surr)
N-Nitrosodimethylamine Nitrobenzene-d  (surr) Hexachlorocyclo-8

N-Nitroso-di-n-propyl- 2-Nitrophenol   pentadiene
  amine N-Nitrosodi-n-butylamine 1-Naphthylamine
Phenol N-Nitrosopiperidine 2-Naphthylamine
Phenol-d  (surr) 1,2,4-Trichlorobenzene 2-Nitroaniline6

2-Picoline 3-Nitroaniline
4-Nitroaniline
4-Nitrophenol
Pentachlorobenzene
1,2,4,5-Tetra-
  chlorobenzene
2,3,4,6-Tetra-
  chlorophenol
2,4,6-Tribromo-
  phenol (surr)
2,4,6-Trichloro-
  phenol
2,4,5-Trichloro-
  phenol

(surr) = surrogate
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TABLE 5
(continued)

Phenanthrene-d Chrysene-d Perylene-d10 12 12

4-Aminobiphenyl Benzidine Benzo(b)fluor-
Anthracene Benzo(a)anthracene   anthene
4-Bromophenyl phenyl Bis(2-ethylhexyl) Benzo(k)fluor-
  ether   phthalate   anthene
Di-n-butyl phthalate Butyl benzyl phthalate Benzo(g,h,i)-
4,6-Dinitro-2-methyl- Chrysene   perylene
  phenol 3,3'-Dichlorobenzidine Benzo(a)pyrene
Diphenylamine p-Dimethylaminoazobenzene Dibenz(a,j)acridine
Fluoranthene Pyrene Dibenz(a,h)-
Hexachlorobenzene Terphenyl-d  (surr)   anthracene14

N-Nitrosodiphenylamine 7,12-Dimethylbenz-
Pentachlorophenol   (a)anthracene
Pentachloronitrobenzene Di-n-octyl phthalate
Phenacetin Indeno(1,2,3-cd)
Phenanthrene   pyrene
Pronamide 3-Methylchol-

  anthrene

(surr) = surrogate
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TABLE 6

MULTILABORATORY PERFORMANCE DATAa

Test Limit Range Range
conc. for s for &x p, ps

Compound (µg/L) (µg/L) (µg/L) (%)

Acenaphthene 100 27.6 60.1-132.3 47-145
Acenaphthylene 100 40.2 53.5-126.0 33-145
Aldrin 100 39.0 7.2-152.2 D-166
Anthracene 100 32.0 43.4-118.0 27-133
Benz(a)anthracene 100 27.6 41.8-133.0 33-143
Benzo(b)fluoranthene 100 38.8 42.0-140.4 24-159
Benzo(k)fluoranthene 100 32.3 25.2-145.7 11-162
Benzo(a)pyrene 100 39.0 31.7-148.0 17-163
Benzo(g,h,i)perylene 100 58.9 D-195.0 D-219
Benzyl butyl phthalate 100 23.4 D-139.9 D-152
$-BHC 100 31.5 41.5-130.6 24-149
*-BHC 100 21.6 D-100.0 D-110
Bis(2-chloroethyl) ether 100 55.0 42.9-126.0 12-158
Bis(2-chloroethoxy)methane 100 34.5 49.2-164.7 33-184
Bis(2-chloroisopropyl) ether 100 46.3 62.8-138.6 36-166
Bis(2-ethylhexyl) phthalate 100 41.1 28.9-136.8 8-158
4-Bromophenyl phenyl ether 100 23.0 64.9-114.4 53-127
2-Chloronaphthalene 100 13.0 64.5-113.5 60-118
4-Chlorophenyl phenyl ether 100 33.4 38.4-144.7 25-158
Chrysene 100 48.3 44.1-139.9 17-168
4,4'-DDD 100 31.0 D-134.5 D-145
4,4'-DDE 100 32.0 19.2-119.7 4-136
4,4'-DDT 100 61.6 D-170.6 D-203
Dibenzo(a,h)anthracene 100 70.0 D-199.7 D-227
Di-n-butyl phthalate 100 16.7 8.4-111.0 1-118
1,2-Dichlorobenzene 100 30.9 48.6-112.0 32-129
1,3-Dichlorobenzene 100 41.7 16.7-153.9 D-172
1,4-Dichlorobenzene 100 32.1 37.3-105.7 20-124
3,3'-Dichlorobenzidine 100 71.4 8.2-212.5 D-262
Dieldrin 100 30.7 44.3-119.3 29-136
Diethyl phthalate 100 26.5 D-100.0 D-114
Dimethyl phthalate 100 23.2 D-100.0 D-112
2,4-Dinitrotoluene 100 21.8 47.5-126.9 39-139
2,6-Dinitrotoluene 100 29.6 68.1-136.7 50-158
Di-n-octyl phthalate 100 31.4 18.6-131.8 4-146
Endosulfan sulfate 100 16.7 D-103.5 D-107
Endrin aldehyde 100 32.5 D-188.8 D-209
Fluoranthene 100 32.8 42.9-121.3 26-137
Fluorene 100 20.7 71.6-108.4 59-121
Heptachlor 100 37.2 D-172.2 D-192
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TABLE 6
(continued)

Test Limit Range Range
conc. for s for &x p, ps

Compound (µg/L) (µg/L) (µg/L) (%)

Heptachlor epoxide 100 54.7 70.9-109.4 26.155
Hexachlorobenzene 100 24.9 7.8-141.5 D-152
Hexachlorobutadiene 100 26.3 37.8-102.2 24-116
Hexachloroethane 100 24.5 55.2-100.0 40-113
Indeno(1,2,3-cd)pyrene 100 44.6 D-150.9 D-171
Isophorone 100 63.3 46.6-180.2 21-196
Naphthalene 100 30.1 35.6-119.6 21-133
Nitrobenzene 100 39.3 54.3-157.6 35-180
N-Nitrosodi-n-propylamine 100 55.4 13.6-197.9 D-230
Aroclor 1260 100 54.2 19.3-121.0 D-164
Phenanthrene 100 20.6 65.2-108.7 54-120
Pyrene 100 25.2 69.6-100.0 52-115
1,2,4-Trichlorobenzene 100 28.1 57.3-129.2 44-142
4-Chloro-3-methylphenol 100 37.2 40.8-127.9 22-147
2-Chlorophenol 100 28.7 36.2-120.4 23-134
2,4-Chlorophenol 100 26.4 52.5-121.7 39-135
2,4-Dimethylphenol 100 26.1 41.8-109.0 32-119
2,4-Dinitrophenol 100 49.8 D-172.9 D-191
2-Methyl-4,6-dinitrophenol 100 93.2 53.0-100.0 D-181
2-Nitrophenol 100 35.2 45.0-166.7 29-182
4-Nitrophenol 100 47.2 13.0-106.5 D-132
Pentachlorophenol 100 48.9 38.1-151.8 14-176
Phenol 100 22.6 16.6-100.0 5-112
2,4,6-Trichlorophenol 100 31.7 52.4-129.2 37-144

s = Standard deviation of four recovery measurements, in µg/L

&x = Average recovery for four recovery measurements, in µg/L

p, p = Measured percent recoverys

D = Detected; result must be greater than zero

Criteria from 40 CFR Part 136 for Method 625, using a packed GC column.  These criteriaa

are based directly on the method performance data in Table 7.  Where necessary, the limits
for recovery have been broadened to assure applicability of the limits to concentrations below
those used to develop Table 7.  These values are for guidance only.  Appropriate derivation
of acceptance criteria for capillary columns should result in much narrower ranges.  See
Method 8000 for information on developing and updating acceptance criteria for method
performance.
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TABLE 7

METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa

Accuracy, as Single analyst Overall 
recovery, x' precision, s ' precision,r

Compound (µg/L) (µg/L) S' (µg/L)

Acenaphthene 0.96C+0.19 0.15xð-0.12 0.21xð-0.67
Acenaphthylene 0.89C+0.74 0.24xð-1.06 0.26xð-0.54
Aldrin 0.78C+1.66 0.27xð-1.28 0.43xð+1.13
Anthracene 0.80C+0.68 0.21xð-0.32 0.27xð-0.64
Benz(a)anthracene 0.88C-0.60 0.15xð+0.93 0.26xð-0.21
Benzo(b)fluoranthene 0.93C-1.80 0.22xð+0.43 0.29xð+0.96
Benzo(k)fluoranthene 0.87C-1.56 0.19xð+1.03 0.35xð+0.40
Benzo(a)pyrene 0.90C-0.13 0.22xð+0.48 0.32xð+1.35
Benzo(g,h,i)perylene 0.98C-0.86 0.29xð+2.40 0.51xð-0.44
Benzyl butyl phthalate 0.66C-1.68 0.18xð+0.94 0.53xð+0.92
$-BHC 0.87C-0.94 0.20xð-0.58 0.30xð+1.94
*-BHC 0.29C-1.09 0.34xð+0.86 0.93xð-0.17
Bis(2-chloroethyl) ether 0.86C-1.54 0.35xð-0.99 0.35xð+0.10
Bis(2-chloroethoxy)methane 1.12C-5.04 0.16xð+1.34 0.26xð+2.01
Bis(2-chloroisopropyl) ether 1.03C-2.31 0.24xð+0.28 0.25xð+1.04
Bis(2-ethylhexyl) phthalate 0.84C-1.18 0.26xð+0.73 0.36xð+0.67
4-Bromophenyl phenyl ether 0.91C-1.34 0.13xð+0.66 0.16xð+0.66 
2-Chloronaphthalene 0.89C+0.01 0.07xð+0.52 0.13xð+0.34
4-Chlorophenyl phenyl ether 0.91C+0.53 0.20xð-0.94 0.30xð-0.46 
Chrysene 0.93C-1.00 0.28xð+0.13 0.33xð-0.09
4,4'-DDD 0.56C-0.40 0.29xð-0.32 0.66xð-0.96
4,4'-DDE 0.70C-0.54 0.26xð-1.17 0.39xð-1.04
4,4'-DDT 0.79C-3.28 0.42xð+0.19 0.65xð-0.58
Dibenzo(a,h)anthracene 0.88C+4.72 0.30xð+8.51 0.59xð+0.25
Di-n-butyl phthalate 0.59C+0.71 0.13xð+1.16 0.39xð+0.60
1,2-Dichlorobenzene 0.80C+0.28 0.20xð+0.47 0.24xð+0.39
1,3-Dichlorobenzene 0.86C-0.70 0.25xð+0.68 0.41xð+0.11
1,4-Dichlorobenzene 0.73C-1.47 0.24xð+0.23 0.29xð+0.36
3,3'-Dichlorobenzidine 1.23C-12.65 0.28xð+7.33 0.47xð+3.45
Dieldrin 0.82C-0.16 0.20xð-0.16 0.26xð-0.07
Diethyl phthalate 0.43C+1.00 0.28xð+1.44 0.52xð+0.22
Dimethyl phthalate 0.20C+1.03 0.54xð+0.19 1.05xð-0.92
2,4-Dinitrotoluene 0.92C-4.81 0.12xð+1.06 0.21xð+1.50
2,6-Dinitrotoluene 1.06C-3.60 0.14xð+1.26 0.19xð+0.35
Di-n-octyl phthalate 0.76C-0.79 0.21xð+1.19 0.37xð+1.19
Endosulfan sulfate 0.39C+0.41 0.12xð+2.47 0.63xð-1.03
Endrin aldehyde 0.76C-3.86 0.18xð+3.91 0.73xð-0.62
Fluoranthene 0.81C+1.10 0.22xð-0.73 0.28xð-0.60
Fluorene 0.90C-0.00 0.12xð+0.26 0.13xð+0.61
Heptachlor 0.87C-2.97 0.24xð-0.56 0.50xð-0.23
Heptachlor epoxide 0.92C-1.87 0.33xð-0.46 0.28xð+0.64
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TABLE 7
(continued)

Accuracy, as Single analyst Overall 
recovery, x' precision, s ' precision,r

Compound (µg/L) (µg/L) S' (µg/L)

Hexachlorobenzene 0.74C+0.66 0.18xð-0.10 0.43xð-0.52
Hexachlorobutadiene 0.71C-1.01 0.19xð+0.92 0.26xð+0.49
Hexachloroethane 0.73C-0.83 0.17xð+0.67 0.17xð+0.80
Indeno(1,2,3-cd)pyrene 0.78C-3.10 0.29xð+1.46 0.50xð-0.44
Isophorone 1.12C+1.41 0.27xð+0.77 0.33xð+0.26
Naphthalene 0.76C+1.58 0.21xð-0.41 0.30xð-0.68
Nitrobenzene 1.09C-3.05 0.19xð+0.92 0.27xð+0.21
N-Nitrosodi-n-propylamine 1.12C-6.22 0.27xð+0.68 0.44xð+0.47
Aroclor 1260 0.81C-10.86 0.35xð+3.61 0.43xð+1.82
Phenanthrene 0.87C+0.06 0.12xð+0.57 0.15xð+0.25
Pyrene 0.84C-0.16 0.16xð+0.06 0.15xð+0.31
1,2,4-Trichlorobenzene 0.94C-0.79 0.15xð+0.85 0.21xð+0.39
4-Chloro-3-methylphenol 0.84C+0.35 0.23xð+0.75 0.29xð+1.31
2-Chlorophenol 0.78C+0.29 0.18xð+1.46 0.28xð+0.97
2,4-Dichlorophenol 0.87C-0.13 0.15xð+1.25 0.21xð+1.28
2,4-Dimethylphenol 0.71C+4.41 0.16xð+1.21 0.22xð+1.31
2,4-Dinitrophenol 0.81C-18.04 0.38xð+2.36 0.42xð+26.29
2-Methyl-4,6-dinitrophenol 1.04C-28.04 0.10xð+42.29 0.26xð+23.10
2-Nitrophenol 0.07C-1.15 0.16xð+1.94 0.27xð+2.60
4-Nitrophenol 0.61C-1.22 0.38xð+2.57 0.44xð+3.24
Pentachlorophenol 0.93C+1.99 0.24xð+3.03 0.30xð+4.33
Phenol 0.43C+1.26 0.26xð+0.73 0.35xð+0.58
2,4,6-Trichlorophenol 0.91C-0.18 0.16xð+2.22 0.22xð+1.81

x' = Expected recovery for one or more measurements of a sample containing a concentration
of C, in µg/L.

s ' = Expected single analyst standard deviation of measurements at an average concentrationr

of xð, in µg/L.

S' = Expected interlaboratory standard deviation of measurements at an average concentration
found of xð, in µg/L.

C = True value for the concentration, in µg/L.

x̄ = Average recovery found for measurements of samples containing a concentration of C, in
µg/L.

Criteria from 40 CFR Part 136 for Method 625, using a packed GC column.  These criteria area

based directly on the method performance data in Table 7.  Where necessary, the limits for
recovery have been broadened to assure applicability of the limits to concentrations below
those used to develop Table 7.  These values are for guidance only.  Appropriate derivation of
acceptance criteria for capillary columns should result in much narrower ranges.  See Method
8000 for information on developing and updating acceptance criteria for method performance.
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TABLE 8

EXTRACTION EFFICIENCY AND AQUEOUS STABILITY RESULTS

Percent Recovery Percent Recovery
Compound on Day 0 on Day 7

Mean RSD Mean RSD

3-Amino-9-ethylcarbazole 80 8 73 3
4-Chloro-1,2-phenylenediamine 91 1 108 4
4-Chloro-1,3-phenylenediamine 84 3 70 3
1,2-Dibromo-3-chloropropane 97 2 98 5
Dinoseb 99 3 97 6
Parathion 100 2 103 4
4,4'-Methylenebis(N,N-dimethylaniline) 108 4 90 4
5-Nitro-o-toluidine 99 10 93 4
2-Picoline 80 4 83 4
Tetraethyl dithiopyrophosphate 92 7 70 1

Data taken from Reference 6.
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TABLE 9

MEAN PERCENT RECOVERIES AND PERCENT RSD VALUES FOR SEMIVOLATILE ORGANICS
FROM SPIKED CLAY SOIL AND TOPSOIL BY AUTOMATED SOXHLET EXTRACTION

(METHOD 3541) WITH HEXANE-ACETONE (1:1)a

Clay Soil Topsoil
Mean Mean

Compound Recovery RSD Recovery RSD

1,3-Dichlorobenzene 0 -- 0 --
1,2-Dichlorobenzene 0 -- 0 --
Nitrobenzene 0 -- 0 --
Benzal chloride 0 -- 0 --
Benzotrichloride 0 -- 0 --
4-Chloro-2-nitrotoluene 0 -- 0 --
Hexachlorocyclopentadiene 4.1 15 7.8 23
2,4-Dichloronitrobenzene 35.2 7.6 21.2 15
3,4-Dichloronitrobenzene 34.9 15 20.4 11
Pentachlorobenzene 13.7 7.3 14.8 13
2,3,4,5-Tetrachloronitrobenzene 55.9 6.7 50.4 6.0
Benefin 62.6 4.8 62.7 2.9
alpha-BHC 58.2 7.3 54.8 4.8
Hexachlorobenzene 26.9 13 25.1 5.7
delta-BHC 95.8 4.6 99.2 1.3
Heptachlor 46.9 9.2 49.1 6.3
Aldrin 97.7 12 102 7.4
Isopropalin 102 4.3 105 2.3
Heptachlor epoxide 90.4 4.4 93.6 2.4
trans-Chlordane 90.1 4.5 95.0 2.3
Endosulfan I 96.3 4.4 101 2.2
Dieldrin 129 4.7 104 1.9
2,5-Dichlorophenyl-4-nitrophenyl ether 110 4.1 112 2.1
Endrin 102 4.5 106 3.7
Endosulfan II 104 4.1 105 0.4
p,p'-DDT 134 2.1 111 2.0
2,3,6-Trichlorophenyl- 110 4.8 110 2.8
  4'-nitrophenyl ether
2,3,4-Trichlorophenyl- 112 4.4 112 3.3
  4'-nitrophenyl ether
Mirex 104 5.3 108 2.2

The operating conditions for the Soxtec apparatus were as follows: immersion time 45 min;a

extraction time 45 min; the sample size was 10 g; the spiking concentration was 500 ng/g, except
for the surrogate compounds at 1000 ng/g, 2,5-Dichlorophenyl-4-nitrophenyl ether, 2,3,6-
Trichlorophenyl-4-nitrophenyl ether, and 2,3,4-Trichlorophenyl-4-nitrophenyl ether at 1500 ng/g,
Nitrobenzene at 2000 ng/g, and 1,3-Dichlorobenzene and 1,2-Dichlorobenzene at 5000 ng/g.
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TABLE 10

SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR THE EXTRACTION
OF SEMIVOLATILE ORGANICS FROM SPIKED CLAY BY

AUTOMATED SOXHLET (METHOD 3541)a

Mean
Compound Recovery RSD

Phenol 47.8 5.6
Bis(2-chloroethyl)ether 25.4 13
2-Chlorophenol 42.7 4.3
Benzyl alcohol 55.9 7.2
2-Methylphenol 17.6 6.6
Bis(2-chloroisopropyl)ether 15.0 15
4-Methylphenol 23.4 6.7
N-Nitroso-di-n-propylamine 41.4 6.2
Nitrobenzene 28.2 7.7
Isophorone 56.1 4.2
2-Nitrophenol 36.0 6.5
2,4-Dimethylphenol 50.1 5.7
Benzoic acid 40.6 7.7
Bis(2-chloroethoxy)methane 44.1 3.0
2,4-Dichlorophenol 55.6 4.6
1,2,4-Trichlorobenzene 18.1 31
Naphthalene 26.2 15
4-Chloroaniline 55.7 12
4-Chloro-3-methylphenol 65.1 5.1
2-Methylnaphthalene 47.0 8.6
Hexachlorocyclopentadiene 19.3 19
2,4,6-Trichlorophenol 70.2 6.3
2,4,5-Trichlorophenol 26.8 2.9
2-Chloronaphthalene 61.2 6.0
2-Nitroaniline 73.8 6.0
Dimethyl phthalate 74.6 5.2
Acenaphthylene 71.6 5.7
3-Nitroaniline 77.6 5.3
Acenaphthene 79.2 4.0
2,4-Dinitrophenol 91.9 8.9
4-Nitrophenol 62.9 16
Dibenzofuran 82.1 5.9
2,4-Dinitrotoluene 84.2 5.4
2,6-Dinitrotoluene 68.3 5.8
Diethyl phthalate 74.9 5.4
4-Chlorophenyl-phenyl ether 67.2 3.2
Fluorene 82.1 3.4
4-Nitroaniline 79.0 7.9
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TABLE 10
(continued)

Mean
Compound Recovery RSD

4,6-Dinitro-2-methylphenol 63.4 6.8
N-Nitrosodiphenylamine 77.0 3.4
4-Bromophenyl-phenyl ether 62.4 3.0
Hexachlorobenzene 72.6 3.7
Pentachlorophenol 62.7 6.1
Phenanthrene 83.9 5.4
Anthracene 96.3 3.9
Di-n-butyl phthalate 78.3 40
Fluoranthene 87.7 6.9
Pyrene 102 0.8
Butyl benzyl phthalate 66.3 5.2
3,3'-Dichlorobenzidine 25.2 11
Benzo(a)anthracene 73.4 3.8
Bis(2-ethylhexyl) phthalate 77.2 4.8
Chrysene 76.2 4.4
Di-n-octyl phthalate 83.1 4.8
Benzo(b)fluoranthene 82.7 5.0
Benzo(k)fluoranthene 71.7 4.1
Benzo(a)pyrene 71.7 4.1
Indeno(1,2,3-cd)pyrene 72.2 4.3
Dibenzo(a,h)anthracene 66.7 6.3
Benzo(g,h,i)perylene 63.9 8.0
1,2-Dichlorobenzene 0 --
1,3-Dichlorobenzene 0 --
1,4-Dichlorobenzene 0 --
Hexachloroethane 0 --
Hexachlorobutadiene 0 --

Number of determinations was three.  The operating conditions for the Soxtec apparatus werea

as follows: immersion time 45 min; extraction time 45 min; the sample size was 10 g clay soil; the
spike concentration was 6 mg/kg per compound.  The sample was allowed to equilibrate 1 hour
after spiking.

Data taken from Reference 7.
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TABLE 11

PRECISION AND BIAS VALUES FOR METHOD 35421

Compound Mean Standard Relative Standard
Recovery Deviation Deviation Percent

2-Fluorophenol 74.6 28.6 38.3

Phenol-d 77.8 27.7 35.65

Nitrobenzene-d 65.6 32.5 49.65

2-Fluorobiphenyl 75.9 30.3 39.9

2,4,6-Tribromophenol 67.0 34.0 50.7

Terphenyl-d 78.6 32.4 41.314

 The surrogate values shown in Table 11 represent mean recoveries for surrogates in all Method1

0010 matrices in a field dynamic spiking study.
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TABLE 12

ACCELERATED SOLVENT EXTRACTION (METHOD 3545) RECOVERY VALUES
AS PERCENT OF SOXTEC™

COMPOUND CLAY LOAM SAND AVE

LOW MID HIGH LOW MID HIGH LOW MID HIGH

Phenol 93.3 78.7 135.9 73.9 82.8 124.6 108.8 130.6 89.7 102.0

Bis(2-chloroethyl) ether 102.1 85.1 109.1 96.0 88.0 103.6 122.3 119.9 90.8 101.9

2-Chlorophenol 100.8 82.6 115.0 93.8 88.9 111.1 115.0 115.3 91.9 101.6

1,3-Dichlorobenzene 127.7 129.7 110.0 *364.2 129.9 119.0 *241.3 *163.7 107.1 120.6

1,4-Dichlorobenzene 127.9 127.0 110.5 *365.9 127.8 116.4 *309.6 *164.1 105.8 119.2

1,2-Dichlorobenzene 116.8 115.8 101.3 *159.2 113.4 105.5 *189.3 134.0 100.4 112.5

2-Methylphenol 98.9 82.1 119.7 87.6 89.4 111.0 133.2 128.0 92.1 104.7

Bis(2-chloroisopropyl)ether 109.4 71.5 108.0 81.8 81.0 88.6 118.1 148.3 94.8 100.2

o-Toluidine 100.0 89.7 117.2 100.0 *152.5 120.3 100.0 *199.5 102.7 110.3

N-Nitroso-di-n-propylamine 103.0 79.1 107.7 83.9 88.1 96.2 109.9 123.3 91.4 98.1

Hexachloroethane 97.1 125.1 111.0 *245.4 117.1 128.1 *566.7 147.9 103.7 118.6

Nitrobenzene 104.8 82.4 106.6 86.8 84.6 101.7 119.7 122.1 93.3 100.2

Isophorone 100.0 86.4 98.2 87.1 87.5 109.7 135.5 118.4 92.7 101.7

2,4-Dimethylphenol 100.0 104.5 140.0 100.0 114.4 123.1 100.0 *180.6 96.3 109.8

2-Nitrophenol 80.7 80.5 107.9 91.4 86.7 103.2 122.1 107.1 87.0 96.3

Bis(chloroethoxy)methane 94.4 80.6 94.7 86.5 84.4 99.6 130.6 110.7 93.2 97.2

2,4-Dichlorophenol 88.9 87.8 111.4 85.9 87.6 103.5 123.3 107.0 92.1 98.6

1,2,4-Trichlorobenzene 98.0 97.8 98.8 123.0 93.7 94.5 137.0 99.4 95.3 104.2

Naphthalene 101.7 97.2 123.6 113.2 102.9 129.5 *174.5 114.0 89.8 106.1

4-Chloroaniline 100.0 *150.2 *162.4 100.0 125.5 *263.6 100.0 *250.8 114.9 108.1

Hexachlorobutadiene 101.1 98.7 102.2 124.1 90.3 98.0 134.9 96.1 96.8 104.7

4-Chloro-3-methylphenol 90.4 80.2 114.7 79.0 85.2 109.8 131.6 116.2 90.1 99.7

2-Methylnaphthalene 93.2 89.9 94.6 104.1 92.2 105.9 146.2 99.1 93.3 102.1

Hexachlorocyclopentadiene 100.0 100.0 0.0 100.0 100.0 6.8 100.0 100.0 *238.3 75.8

2,4,6-Trichlorophenol 94.6 90.0 112.0 84.2 91.2 103.6 101.6 95.9 89.8 95.9

2,4,5-Trichlorophenol 84.4 91.9 109.6 96.1 80.7 103.6 108.9 83.9 87.9 94.1

2-Chloronaphthalene 100.0 91.3 93.6 97.6 93.4 98.3 106.8 93.0 92.0 96.2

2-Nitroaniline 90.0 83.4 97.4 71.3 88.4 89.9 112.1 113.3 87.7 92.6

2,6-Dinitrotoluene 83.1 90.6 91.6 86.4 90.6 90.3 104.3 84.7 90.9 90.3

Acenaphthylene 104.9 95.9 100.5 99.0 97.9 108.8 118.5 97.8 92.0 101.7

3-Nitroaniline *224.0 115.6 97.6 100.0 111.8 107.8 0.0 111.7 99.0 92.9

Acenaphthene 102.1 92.6 97.6 97.2 96.9 104.4 114.2 92.0 89.0 98.4

4-Nitrophenol 0.0 93.2 121.5 18.1 87.1 116.6 69.1 90.5 84.5 75.6

2,4-Dinitrotoluene 73.9 91.9 100.2 84.7 93.8 98.9 100.9 84.3 87.3 90.7
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Dibenzofuran 89.5 91.7 109.3 98.5 92.2 111.4 113.8 92.7 90.4 98.8

4-Chlorophenyl phenyl 83.0 94.5 98.7 95.7 94.3 94.2 111.4 87.7 90.3
ether

94.4

Fluorene 85.2 94.9 89.2 102.0 95.5 93.8 121.3 85.7 90.9 95.4

4-Nitroaniline 77.8 114.8 94.5 129.6 103.6 95.4 *154.1 89.3 87.5 99.1

N-Nitrosodiphenylamine 82.6 96.7 93.8 92.9 93.4 116.4 97.5 110.9 86.7 96.8

4-Bromophenyl phenyl 85.6 92.9 92.8 91.1 107.6 89.4 118.0 97.5 87.1
ether

95.8

Hexachlorobenzene 95.4 91.7 92.3 95.4 93.6 83.7 106.8 94.3 90.0 93.7

Pentachlorophenol 68.2 85.9 107.7 53.2 89.8 88.1 96.6 59.8 81.3 81.2

Phenanthrene 92.1 93.7 93.3 100.0 97.8 113.3 124.4 101.0 89.9 100.6

Anthracene 101.6 95.0 93.5 92.5 101.8 118.4 123.0 94.5 90.6 101.2

Carbazole 94.4 99.3 96.6 105.5 96.7 111.4 115.7 83.2 88.9 99.1

Fluoranthene 109.9 101.4 94.3 111.6 96.6 109.6 123.2 85.4 92.7 102.7

Pyrene 106.5 105.8 107.6 116.7 90.7 127.5 103.4 95.5 93.2 105.2

3,3'-Dichlorobenzidine 100.0 *492.3 131.4 100.0 *217.6 *167.6 100.0 *748.8 100.0 116.5

Benzo(a)anthracene 98.1 107.0 98.4 119.3 98.6 104.0 105.0 93.4 89.3 101.5

Chrysene 100.0 108.5 100.2 116.8 93.0 117.0 106.7 93.6 90.2 102.9

Benzo(b)fluoranthene 106.6 109.9 75.6 121.7 100.7 93.9 106.9 81.9 93.6 99.0

Benzo(k)fluoranthene 102.4 105.2 88.4 125.5 99.4 95.1 144.7 89.2 78.1 103.1

Benzo(a)pyrene 107.9 105.5 80.8 122.3 97.7 104.6 101.7 86.2 92.0 99.9

Indeno(1,2,3-cd)pyrene 95.1 105.7 93.8 126.0 105.2 90.4 133.6 82.6 91.9 102.7

Dibenz(a,h)anthracene 85.0 102.6 82.0 118.8 100.7 91.9 142.3 71.0 93.1 98.6

Benzo(g,h,i)perylene 98.0 0.0 81.2 0.0 33.6 78.6 128.7 83.0 94.2 66.4

Average 95.1 94.3 101.0 95.5 96.5 104.1 113.0 100.9 92.5

* Values greater than 150% were not used to determine the averages, but the 0% values were used.
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TABLE 13

SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SEDIMENT EC-1, USING METHOD 3561 (SFE - SOLID TRAP)

Certified Percent of
Value SFE Value Certified SFEa

Compound (mg/kg) (mg/kg) Value RSD

Naphthalene (27.9) 41.3 ± 3.6 (148) 8.7b

Acenaphthylene (0.8) 0.9 ± 0.1 (112) 11.1
Acenaphthene (0.2) 0.2 ± 0.01 (100) 0.05
Fluorene (15.3) 15.6 ± 1.8 (102) 11.5
Phenanthrene 15.8 ± 1.2 16.1 ± 1.8 102 11.2
Anthracene (1.3) 1.1 ± 0.2 (88) 18.2
Fluoranthene 23.2 ± 2.0 24.1 ± 2.1 104 8.7
Pyrene 16.7 ± 2.0 17.2 ± 1.9 103 11.0
Benz(a)anthracene 8.7 ± 0.8 8.8 ± 1.0 101 11.4
Chrysene (9.2) 7.9 ± 0.9 (86) 11.4
Benzo(b)fluoranthene 7.9 ± 0.9 8.5 ± 1.1 108 12.9
Benzo(k)fluoranthene 4.4 ± 0.5 4.1 ± 0.5 91 12.2
Benzo(a)pyrene 5.3 ± 0.7 5.1 ± 0.6 96 11.8
Indeno(1,2,3-cd)pyrene 5.7 ± 0.6 5.2 ± 0.6 91 11.5
Benzo(g,h,i)perylene 4.9 ± 0.7 4.3 ± 0.5 88 11.6
Dibenz(a,h)anthracene (1.3) 1.1 ± 0.2 (85) 18.2

Relative standard deviations for the SFE values are based on six replicate extractions.a

Values in parentheses were obtained from, or compared to, Soxhlet extraction results which wereb

not certified.

Data are taken from Reference 10.
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TABLE 14

SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SEDIMENT HS-3, USING METHOD 3561 (SFE - SOLID TRAP)

Certified Percent of
Value SFE Value Certified SFEa

Compound (mg/kg) (mg/kg) Value RSD

Naphthalene 9.0 ± 0.7 7.4 ± 0.6 82 8.1
Acenaphthylene 0.3 ± 0.1 0.4 ± 0.1 133 25.0
Acenaphthene 4.5 ± 1.5 3.3 ± 0.3 73 9.0
Fluorene 13.6 ± 3.1 10.4 ± 1.3 77 12.5
Phenanthrene 85.0 ± 20.0 86.2 ± 9.5 101 11.0
Anthracene 13.4 ± 0.5 12.1 ± 1.5 90 12.4
Fluoranthene 60.0 ± 9.0 54.0 ± 6.1 90 11.3
Pyrene 39.0 ± 9.0 32.7 ± 3.7 84 11.3
Benz(a)anthracene 14.6 ± 2.0 12.1 ± 1.3 83 10.7
Chrysene 14.1 ± 2.0 12.0 ± 1.3 85 10.8
Benzo(b)fluoranthene 7.7 ± 1.2 8.4 ± 0.9 109 10.7
Benzo(k)fluoranthene 2.8 ± 2.0 3.2 ± 0.5 114 15.6
Benzo(a)pyrene 7.4 ± 3.6 6.6 ± 0.8 89 12.1
Indeno(1,2,3-cd)pyrene 5.0 ± 2.0 4.5 ± 0.6 90 13.3
Benzo(g,h,i)perylene 5.4 ± 1.3 4.4 ± 0.6 82 13.6
Dibenz(a,h)anthracene 1.3 ± 0.5 1.1 ± 0.3 85 27.3

Relative standard deviations for the SFE values are based on three replicate extractions.a

Data are taken from Reference 10.
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TABLE 15

SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SOIL SRS103-100, USING METHOD 3561

(SFE - LIQUID TRAP)

Certified Percent of
Value SFE Value Certified SFEa

Compound (mg/kg) (mg/kg) Value RSD

Naphthalene 32.4 ± 8.2 29.55 91 10.5
2-Methylnaphthalene 62.1 ± 11.5 76.13 122 2.0
Acenaphthene 632 ± 105 577.28 91 2.9
Dibenzofuran 307 ± 49 302.25 98 4.1
Fluorene 492 ± 78 427.15 87 3.0
Phenanthrene 1618 ± 340 1278.03 79 3.4
Anthracene 422 ± 49 400.80 95 2.6
Fluoranthene 1280 ± 220 1019.13 80 4.5
Pyrene 1033 ± 285 911.82 88 3.1
Benz(a)anthracene 252 ± 38 225.50 89 4.8
Chrysene 297 ± 26 283.00 95 3.8
Benzo(b)fluoranthene + 153 ± 22 130.88 86 10.7
  Benzo(k)fluoranthene
Benzo(a)pyrene 97.2 ± 17.1 58.28 60 6.5

Relative standard deviations for the SFE values are based on four replicate extractions.a

Data are taken from Reference 11.
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FIGURE 1
GAS CHROMATOGRAM OF BASE/NEUTRAL AND ACID CALIBRATION STANDARD
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METHOD 8270C
SEMIVOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS

SPECTROMETRY  (GC/MS)
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METHOD 3510C

SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION

1.0 SCOPE AND APPLICATION

1.1 This method describes a procedure for isolating organic compounds from aqueous
samples.  The method also describes concentration techniques suitable for preparing the extract for
the appropriate determinative methods described in Section 4.3 of Chapter Four.

1.2 This method is applicable to the isolation and concentration of water-insoluble and slightly
water-soluble organics in preparation for a variety of chromatographic procedures.

1.3 This method is restricted to use by or under the supervision of trained analysts.  Each
analyst must demonstrate the ability to generate acceptable results with this method.

2.0 SUMMARY OF METHOD

2.1 A measured volume of sample, usually 1 liter, at a specified pH (see Table 1), is serially
extracted with methylene chloride using a separatory funnel.  

2.2 The extract is dried, concentrated (if necessary), and, as necessary, exchanged into a
solvent compatible with the cleanup or determinative method to be used (see Table 1 for appropriate
exchange solvents).

3.0 INTERFERENCES

3.1 Refer to Method 3500.

3.2 The decomposition of some analytes has been demonstrated under basic extraction
conditions.  Organochlorine pesticides may dechlorinate, phthalate esters may exchange, and
phenols may react to form tannates.  These reactions increase with increasing pH, and are
decreased by the shorter reaction times available in Method 3510.  Method 3510 is preferred over
Method 3520 for the analysis of these classes of compounds.  However, the recovery of phenols
may be optimized by using Method 3520, and performing the initial extraction at the acid pH.

4.0 APPARATUS AND MATERIALS

4.1 Separatory funnel - 2-liter, with polytetrafluoroethylene (PTFE) stopcock.

4.2 Drying column - 20 mm ID Pyrex® chromatographic column with Pyrex® glass wool at
bottom and a PTFE 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.
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4.3 Kuderna-Danish (K-D) apparatus.

4.3.1 Concentrator tube - 10-mL, graduated (Kontes K-570050-1025 or equivalent).
A ground-glass stopper is used to prevent evaporation of extracts.

4.3.2 Evaporation  flask -  500-mL (Kontes K-570001-500 or equivalent).  Attach to
concentrator tube with springs, clamps, or equivalent.

4.3.3 Snyder column - Three-ball macro (Kontes K-503000-0121 or equivalent).

4.3.4 Snyder column - Two-ball micro (Kontes K-569001-0219 or equivalent).

4.3.5 Springs -  1/2 inch (Kontes K-662750 or equivalent).

NOTE: The following glassware is recommended for the purpose of solvent recovery
during the concentration procedures requiring the use of Kuderna-Danish
evaporative concentrators.  Incorporation of this apparatus may be required
by State or local municipality regulations that govern air emissions of volatile
organics.  EPA recommends the incorporation of this type of reclamation
system as a method to implement an emissions reduction program.  Solvent
recovery is a means to conform with waste minimization and pollution
prevention initiatives.  

4.4 Solvent vapor recovery system (Kontes K-545000-1006 or K-547300-0000, Ace Glass
6614-30, or equivalent).

4.5 Boiling chips - Solvent-extracted, approximately 10/40 mesh (silicon carbide or
equivalent).
 

4.6 Water bath - Heated, with concentric ring cover, capable of temperature control (± 5EC).
The bath should be used in a hood.
 

4.7 Vials - 2-mL, glass with PTFE-lined screw-caps or crimp tops.

4.8 pH indicator paper - pH range including the desired extraction pH.

4.9 Erlenmeyer flask - 250-mL.

4.10 Syringe - 5-mL.

4.11 Graduated cylinder - 1-liter.

5.0 REAGENTS
 

5.1 Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is
intended that all reagents shall conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available.  Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination.  Reagents should be stored in glass to
prevent the leaching of contaminants from plastic containers.
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5.2 Organic-free reagent water - All references to water in this method refer to organic-free
reagent water, as defined in Chapter One.

5.3 Sodium hydroxide solution (10 N), NaOH.  Dissolve 40 g NaOH in organic-free reagent
water and dilute to 100 mL.  Other concentrations of hydroxide solutions may be used to adjust
sample pH, provided that the volume added does not appreciably change (e.g., <1%) the total
sample volume.

5.4 Sodium sulfate (granular, anhydrous), Na SO .  Purify by heating to   400EC for 4 hours2 4

in a shallow tray, or by precleaning the sodium sulfate with methylene chloride.  If the sodium sulfate
is precleaned with methylene chloride, a method blank must be analyzed, demonstrating that there
is no interference from the sodium sulfate.  Other concentrations of acid solutions may be used to
adjust sample pH, provided that the volume added does not appreciably change (e.g., <1%) the total
sample volume.

5.5 Sulfuric acid solution (1:1 v/v), H SO .  Slowly add 50 mL of H SO  (sp. gr. 1.84) to 502 4        2 4

mL of organic-free reagent water.

5.6 Extraction/exchange solvents - All solvents must be pesticide quality or equivalent.

5.6.1 Methylene chloride, CH Cl , boiling point 39EC.  2 2

5.6.2 Hexane, C H , boiling point 68.7EC.6 14

5.6.3 2-Propanol, CH CH(OH)CH , boiling point 82.3EC.  3 3

5.6.4 Cyclohexane, C H , boiling point 80.7EC.  6 12

5.6.5 Acetonitrile, CH CN, boiling point 81.6EC.3

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

See the introductory material to this chapter, Organic Analytes, Sect. 4.1.

7.0 PROCEDURE

7.1 Using a 1-liter graduated cylinder, measure 1 liter (nominal) of sample.  Alternatively, if
the entire contents of the sample bottle are to be extracted, mark the level of sample on the outside
of the bottle.  If high analyte concentrations are anticipated, a smaller sample volume may be taken
and diluted to 1-L with organic-free reagent water, or samples may be collected in smaller sample
bottles and the whole sample used.

7.2 Pipet 1.0 mL of the surrogate spiking solution into each sample in the graduated cylinder
(or sample bottle) and mix well.  (See Method 3500 and the determinative method to be used for
details on the surrogate standard solution and matrix spiking solution).

7.2.1 For the sample in each batch (see Chapter One) selected for use as a matrix
spike sample, add 1.0 mL of the matrix spiking standard.
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7.2.2 If Method 3640, Gel-Permeation Cleanup, is to be employed, add twice the
volume of the surrogate spiking solution and the matrix spiking standard, since half of the
extract is not recovered from the GPC apparatus.  (Alternatively, use 1.0 mL of the spiking
solutions and concentrate the final extract to half the normal volume, e.g., 0.5 mL instead of
1.0 mL).  

7.3 Check the pH of the sample with wide-range pH paper and adjust the pH, if necessary,
to the pH indicated in Table 1, using 1:1 (v/v) sulfuric acid or 10 N sodium hydroxide.  Lesser
strengths of acid or base solution may be employed, provided that they do not result in a significant
change (<1%) in the volume of sample extracted (see Secs. 5.3 and 5.5).

7.4 Quantitatively transfer the sample from the graduated cylinder (or sample bottle) to the
separatory funnel.  Use 60 mL of methylene chloride to rinse the cylinder (or bottle) and transfer this
rinse solvent to the separatory funnel.  If the sample was transferred directly from the sample bottle,
refill the bottle to the mark made in Sec. 7.1 with water and then measure the volume of sample that
was in the bottle.
 

7.5 Seal and shake the separatory funnel vigorously for 1 - 2 minutes with periodic venting
to release excess pressure.  Alternatively, pour the exchange solvent into the top of the Snyder
column while the concentrator remains on the water bath in Sec. 7.11.4.

NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial
venting should be done immediately after the separatory funnel has been sealed
and shaken once.  The separatory funnel should be vented into a hood to avoid
exposure of the analyst to solvent vapors.

7.6 Allow the organic layer to separate from the water phase for a minimum of 10 minutes.
If the emulsion interface between layers is more than one-third the size of the solvent layer, the
analyst must employ mechanical techniques to complete the phase separation.  The optimum
technique depends upon the sample and may include stirring, filtration of the emulsion through glass
wool, centrifugation, or other physical methods.  Collect the solvent extract in an Erlenmeyer flask.
If the emulsion cannot be broken (recovery of < 80% of the methylene chloride, corrected for the
water solubility of methylene chloride), transfer the sample, solvent, and emulsion into the extraction
chamber of a continuous extractor and proceed as described in Method 3520, Continuous Liquid-
Liquid Extraction.

7.7 Repeat the extraction two more times using fresh portions of solvent (Secs. 7.2 through
7.5).  Combine the three solvent extracts.

7.8 If further pH adjustment and extraction is required, adjust the pH of the aqueous phase
to the desired pH indicated in Table 1.  Serially extract three times with 60 mL of methylene chloride,
as outlined in Secs. 7.2 through 7.5.  Collect and combine the extracts and label the combined
extract appropriately.

7.9 If performing GC/MS analysis (Method 8270), the acid/neutral and base extracts may be
combined prior to concentration.  However, in some situations, separate concentration and analysis
of the acid/neutral and base extracts may be preferable (e.g. if for regulatory purposes the presence
or absence of specific acid/neutral or base compounds at low concentrations must be determined,
separate extract analyses may be warranted).

7.10 Perform the concentration (if necessary) using the Kuderna-Danish  Technique (Secs.
7.11.1 through 7.11.6). 
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7.11 K-D technique

7.11.1 Assemble a Kuderna-Danish (K-D) concentrator (Sec. 4.3) by attaching a 10-mL
concentrator tube to a 500-mL evaporation flask.  

7.11.2 Attach the solvent vapor recovery glassware (condenser and collection device)
(Sec. 4.4) to the Snyder column of the K-D apparatus following manufacturer's instructions.

7.11.3 Dry the extract by passing it through a drying column containing about 10 cm of
anhydrous sodium sulfate.  Collect the dried extract in a K-D concentrator.  Rinse the
Erlenmeyer flask, which contained the solvent extract, with 20 - 30 mL of methylene chloride
and add it to the column to complete the quantitative transfer.

7.11.4 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 methylene chloride to the top of
the column.  Place the K-D apparatus on a hot water bath (15 - 20EC above the boiling point
of the solvent) so that the concentrator tube is partially immersed in the hot water and the
entire lower rounded surface of the flask is bathed with hot vapor.  Adjust the vertical position
of the apparatus and the water temperature as required to complete the concentration in 10 -
20 minutes.  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 minutes.

7.11.5 If a solvent exchange is required (as indicated in Table 1), momentarily remove
the Snyder column, add 50 mL of the exchange solvent, a new boiling chip, and reattach the
Snyder column.  Alternatively, pour the exchange solvent into the top of the Snyder column
while the concentrator remains on the water bath in Sec. 7.11.4.  Concentrate the extract, as
described in Sec. 7.11.4, raising the temperature of the water bath, if necessary, to maintain
proper distillation.

7.11.6 Remove the Snyder column and rinse the flask and its lower joints into the
concentrator tube with 1 - 2 mL of methylene chloride or exchange solvent.  If sulfur crystals
are a problem, proceed to Method 3660 for cleanup.  The extract may be further concentrated
by using the technique outlined in Sec. 7.12 or adjusted to 10.0 mL with the solvent last used.

7.12 If further concentration is indicated in Table 1, either the micro-Snyder column technique
(7.12.1) or nitrogen blowdown technique (7.12.2) is used to adjust the extract to the final volume
required.

7.12.1 Micro-Snyder column technique

If further concentration is indicated in Table 1, add another clean boiling chip to the
concentrator tube and attach a two-ball micro-Snyder column.  Prewet the column by adding
0.5 mL of methylene chloride or exchange solvent to the top of the column.  Place the K-D
apparatus in a hot 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 the concentration in 5 - 10 minutes.  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 0.5 mL, remove the K-D apparatus from the water bath and allow it to drain
and cool for at least 10 minutes.  Remove the Snyder column, rinse the flask and its lower
joints into the concentrator tube with 0.2 mL of methylene chloride or the exchange solvent,
and adjust the final volume as indicated in Table 1, with solvent. 
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7.12.2 Nitrogen blowdown technique

7.12.2.1 Place the concentrator tube in a warm bath (35EC) and evaporate the
solvent to the final volume indicated in Table 1, using a gentle stream of clean, dry
nitrogen (filtered through a column of activated carbon).

CAUTION: New plastic tubing must not be used between the carbon trap and
the sample, since it may introduce contaminants.

7.12.2.2 The internal wall of the tube must be rinsed several times with
methylene chloride or appropriate solvent during the operation.  During evaporation, the
tube must be positioned to avoid water condensation (i.e., the solvent level should be
below the level of the water bath).  Under normal procedures, the extract must not be
allowed to become dry.

CAUTION: When the volume of solvent is reduced below 1 mL, semivolatile
analytes may be lost.

7.13 The extract may now be analyzed for the target analytes using the appropriate
determinative technique(s) (see Sec. 4.3 of this Chapter).  If analysis of the extract will not be
performed immediately, stopper the concentrator tube and store refrigerated.  If the extract will be
stored longer than 2 days it should be transferred to a vial with a PTFE-lined screw-cap or crimp top,
and labeled appropriately. 

8.0 QUALITY CONTROL

8.1 Any reagent blanks, matrix spikes, or replicate samples should be subjected to exactly
the same analytical procedures as those used on actual samples.

8.2 Refer to Chapter One for specific quality control procedures and Method 3500 for
extraction and sample preparation procedures. 

9.0 METHOD PERFORMANCE

Refer to the determinative methods for performance data.

10.0 REFERENCES

None.
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TABLE 1
SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS

Exchange Exchange Volume Final
solvent solvent of extract extract

Deter- Initial Secondary required required required volume 
minative extraction extraction for for for for
method pH pH analysis cleanup cleanup (mL) analysis (mL)a

8041 #2 none 2-propanol hexane 1.0 1.0, 0.5b

8061 5-7 none hexane hexane 2.0 10.0
8070 as received none methanol methylene chloride 2.0 10.0
8081 5-9 none hexane hexane 10.0 10.0
8082 5-9 none hexane hexane 10.0 10.0
8091 5-9 none hexane hexane 2.0 1.0
8100 as received none none cyclohexane 2.0 1.0
8111 as received none hexane hexane 2.0 10.0
8121 as received none hexane hexane 2.0 1.0
8141 as received none hexane hexane 10.0 10.0
8270 <2 >11 none - - 1.0c,d

8310 as received none acetonitrile - - 1.0
8321 as received none methanol - - 1.0
8325 7.0 none methanol - - 1.0
8410 as received none methylene methylene 10.0 0.0 (dry)

chloride chloride

For methods where the suggested final extract volume is 10.0 mL, the volume may be reduced to as low as  1.0 mL to achieve lowera

detection limits.
Phenols may be analyzed, by Method 8041, using a 1.0 mL 2-propanol extract by GC/FID.  Method 8041 also contains an optionalb

derivatization procedure for phenols which results in a 0.5 mL hexane extract to be analyzed by GC/ECD.
The specificity of GC/MS may make cleanup of the extracts unnecessary.  Refer to Method 3600 for guidance on the cleanupc

procedures available if required.
Extraction pH sequence may be reversed to better separate acid and neutral waste components.  Excessive pH adjustments may resultd

in the loss of some analytes (see Sec. 3.2).
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METHOD 3510C
SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION
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SOP – Total P/P04 (EPA 365.2)  
(sediment analysis)



METHOD #: 365.2 Approved for NPDES (Issued 1971)

TITLE: Phosphorous, All Forms (Colorimetric, Ascorbic
Acid, Single Reagent)

ANALYTE: CAS #   P     Phosphorus   7723-14-0

INSTRUMENTATION: Spectrophotometer

STORET No. See Section 4

1.0 Scope and Application

1.1 These methods cover the determination of specified forms of phosphorus in
drinking, surface and saline waters, domestic and industrial wastes.

1.2 The methods are based on reactions that are specific for the orthophosphate ion.
Thus, depending on the prescribed pre-treatment of the sample, the various
forms of phosphorus given in Figure 1 may be determined. These forms are
defined in Section 4.
1.2.1 Except for in-depth and detailed studies, the most commonly measured

forms are phosphorus and dissolved phosphorus, and orthophosphate
and dissolved orthophosphate. Hydrolyzable phosphorus is normally
found only in sewage-type samples and insoluble forms of phosphorus
are determined by calculation.

1.3 The methods are usable in the 0.01 to 0.5 mg P/L range.

2.0 Summary of Method

2.1 Ammonium molybdate and antimony potassium tartrate react in an acid
medium with dilute solutions of phosphorus to form an
antimony-phospho-molybdate complex. This complex is reduced to an intensely
blue-colored complex by ascorbic acid. The color is proportional to the
phosphorus concentration.

2.2 Only orthophosphate forms a blue color in this test. Polyphosphates (and some
organic phosphorus compounds) may be converted to the orthophosphate form
by sulfuric acid hydrolysis. Organic phosphorus compounds may be converted
to the orthophosphate form by persulfate digestion .(2)

3.0 Sample Handling and Preservation

3.1 If benthic deposits are present in the area being sampled, great care should be
taken not to include these deposits.

3.2 Sample containers may be of plastic material, such as cubitainers, or of Pyrex
glass.

3.3 If the analysis cannot be performed the day of collection, the sample should be
preserved by the addition of 2 mL conc. H SO  per liter and refrigeration at2 4

4°C.



4.0 Definitions and Storet Numbers

4.1 Total Phosphorus (P)--all of the phosphorus present in the sample, regardless of
form, as measured by the persulfate digestion procedure. (00665)
4.1.1 Total Orthophosphate (P, ortho)--inorganic phosphorus [(PO ) ] in the4

-3

sample as measured by the direct colorimetric analysis procedure.
(70507)





4.1.2 Total Hydrolyzable Phosphorus (P, hydro) - phosphorus in the sample
as measured by the sulfuric acid hydrolysis procedure, and minus
pre-determined orthophosphates. This hydrolyzable phosphorus
includes polyphosphorus. [(P O ) , (P O ) , etc.] plus some organic2 7 3 10

-4 -5

phosphorus. (00669)
4.1.3 Total Organic Phosphorus (P, org)--phosphorus (inorganic plus

oxidizable organic) in the sample measured by the persulfate digestion
procedure, and minus hydrolyzable phosphorus and orthophosphate.
(00670)

4.2 Dissolved Phosphorus (P-D)--all of the phosphorus present in the filtrate of a
sample filtered through a phosphorus-free filter of 0.45 micron pore size and
measured by the persulfate digestion procedure. (00666) 
4.2.1 Dissolved Orthophosphate (P-D, ortho)--as measured by the direct

colorimetric analysis procedure. (00671) 
4.2.2 Dissolved Hydrolyzable Phosphorus (P-D, hydro)--as measured by the

sulfuric acid hydrolysis procedure and minus pre-determined dissolved
orthophosphates. (00672) 

4.2.3 Dissolved Organic Phosphorus (P-D, org)--as measured by the
persulfate digestion procedure, and minus dissolved hydrolyzable
phosphorus and orthophosphate. (00673)

4.3 The following forms, when sufficient amounts of phosphorus are present in the
sample to warrant such consideration, may be calculated: 
4.3.1 Insoluble Phosphorus (P-I) = (P)-(P-D). (00667)

4.3.1.1 Insoluble orthophosphate (P-I, ortho)=(P, ortho)-(P-D, ortho).
(00674)

4.3.1.2 Insoluble Hydrolyzable Phosphorus (P-I, hydro)=(P,
hydro)-(P-D, hydro). (00675)

4.3.1.3 Insoluble Organic Phosphorus (P-I, org)=(P, org) - (P-D, org).
(00676)

4.4 All phosphorus forms shall be reported as P, mg/L, to the third place. 

5.0 Interferences

5.1 No interference is caused by copper, iron, or silicate at concentrations many
times greater than their reported concentration in sea water. However, high
iron concentrations can cause precipitation of and subsequent loss of
phosphorus.

5.2 The salt error for samples ranging from 5 to 20% salt content was found to be
less than 1%.

5.3 Arsenate is determined similarly to phosphorus and should be considered when
present in concentrations higher than phosphorus. However, at concentrations
found in sea water, it does not interfere. 

6.0 Apparatus

6.1 Photometer - A spectrophotometer or filter photometer suitable for
measurements at 650 or 880 nm with a light path of 1 cm or longer.

6.2 Acid-washed glassware: All glassware used should be washed with hot 1:1 HCl
and rinsed with distilled water. The acid-washed glassware should be filled



with distilled water and treated with all the reagents to remove the last traces
of phosphorus that might be adsorbed on the glassware. Preferably, this
glassware should be used only for the determination of phosphorus and after
use it should be rinsed with distilled water and kept covered until needed
again. If this is done, the treatment with 1:1 HCl and reagents is only required
occasionally. Commercial detergents should never be used. 

7.0 Reagents 

7.1 Sulfuric acid solution, 5N: Dilute 70 mL of conc H SO  with distilled water to2 4

500 mL. 
7.2 Antimony potassium tartrate solution: Weigh 1.3715 g K(SbO)C H OC1/2H O4 4 2

dissolve in 400 mL distilled water in 500 mL volumetric flask, dilute to volume.
Store at  4°C in a dark, glass-stoppered bottle. 

7.3 Ammonium molybdate solution: Dissolve 20 g (NH ) Mo 0 C4H O in 500 mL of4 6 7 24 2

distilled water. Store in a plastic bottle at 4°C.
7.4 Ascorbic acid, 0.1 M: Dissolve 1.76 g of ascorbic acid in 100 mL of distilled

water. The solution is stable for about a week if stored at 4°C.
7.5 Combined reagent: Mix the above reagents in the following proportions for 100

mL of the mixed reagent: 50 mL of 5N H SO , (7.1), 5 mL of antimony2 4

potassium tartrate solution (7.2), 15 mL of ammonium molybdate solution (7.3),
and 30 mL of ascorbic acid solution (7.4). Mix after addition of each reagent. All
reagents must reach room temperature before they are mixed and must be
mixed in the order given. If turbidity forms in the combined reagent, shake and
let stand for a few minutes until the turbidity disappears before proceeding.
Since the stability of this solution is limited, it must be freshly prepared for
each run.

7.6 Sulfuric acid solution, 11 N: Slowly add 310 mL conc. H SO  to 600 mL distilled2 4

water. When cool, dilute to 1 liter.
7.7 Ammonium persulfate.
7.8 Stock phosphorus solution: Dissolve in distilled water 0.2197 g of potassium

dihydrogen phosphate, KH2PO4, which has been dried in an oven at 105°C.
Dilute the solution to 1000 ml; 1.0 mL = 0.05 mg P.

7.9 Standard phosphorus solution: Dilute 10.0 mL of stock phosphorus solution
(7.8) to 1000 mL with distilled water; 1.0 mL = 0.5 Fg P. 
7.9.1 Using standard solution, prepare the following standards in 50.0 mL

volumetric flasks:

mL of Standard
Phosphorus Solution (7.9) Conc., mg/L

0 0.00
1.0 0.01
3.0 0.03
5.0 0.05

10.0 0.10
20.0 0.20
30.0 0.30
40.0 0.40
50.0 0.50



7.10 Sodium hydroxide, 1 N: Dissolve 40 g NaOH in 600 mL distilled water. Cool
and dilute to 1 liter.

8.0 Procedure

8.1 Phosphorus
8.1.1 Add 1 mL of H SO  solution (7.6) to a 50 mL sample in a 125 mL2 4

Erlenmeyer flask.
8.1.2 Add 0.4 g of ammonium persulfate.
8.1.3 Boil gently on a pre-heated hot plate for approximately 30 10 minutes

or until a final volume of about 10 mL is reached. Do not allow sample
to go to dryness. Alternatively, heat for 30 minutes in an autoclave at
121°C (15-20 psi).

8.1.4 Cool and dilute the sample to about 30 mL and adjust the pH of the
sample to 7.0 ±0.2 with 1 N NaOH (7.10) using a pH meter. If sample is
not clear at this point, add 2-3 drops of acid (7.6) and filter. Dilute to 50
mL. Alternatively, if autoclaved see NOTE 1.

8.1.5 Determine phosphorus as outlined in 8.3.2 Orthophosphate.
8.2 Hydrolyzable Phosphorus

8.2.1 Add 1 mL of H SO  solution (7.6) to a 50 mL sample in a 125 mL2 4

Erlenmeyer flask.
8.2.2 Boil gently on a pre-heated hot plate for 30 10 minutes or until a final

volume of about 10 mL is reached. Do not allow sample to go to
dryness. Alternatively, heat for 30 minutes in an autoclave at 121°C
(15-20 psi).

8.2.3 Cool and dilute the sample to about 30 mL and adjust the pH of the
sample to 7.0 ±0.2 with NaOH (7.10) using a pH meter. If sample is not
clear at this point, add 2-3 drops of acid (7.6) and filter. Dilute to 50
mL. Alternatively, if autoclaved see NOTE 1.

8.2.4 The sample is now ready for determination of phosphorus as outlined
in 8.3.2 Orthophosphate.

8.3 Orthophosphate
8.3.1 The pH of the sample must be adjusted to 7 ± 0.2 using a pH meter.
8.3.2 Add 8.0 mL of combined reagent (7.5) to sample and mix thoroughly.

After a minimum of ten minutes, but no longer than thirty minutes,
measure the color absorbance of each sample at 650 or 880 nm with a
spectrophotometer, using the reagent blank as the reference solution.
NOTE 1:  If the same volume of sodium hydroxide solution is not used
to adjust the pH of the standards and samples, a volume correction has
to be employed. 

9.0 Calculation

9.1 Prepare a standard curve by plotting the absorbance values of standards versus
the corresponding phosphorus concentrations.

9.1.1 Process standards and blank exactly as the samples. Run at least a
blank and two standards with each series of samples. If the standards
do not agree within ±2% of the true value, prepare a new calibration
curve.



9.2 Obtain concentration value of sample directly from prepared standard curve.
Report results as P, mg/L. SEE NOTE 1.

10.0 Precision and Accuracy

10.1 Thirty-three analysts in nineteen laboratories analyzed natural water samples
containing exact increments of organic phosphate, with the following results:

Increment as Precision as Accuracy as
Total Phosphorus Standard Deviation Bias, Bias,

mg P/liter  mg P/liter % mg P/liter
0.110 0.033 +3.09 +0.003
0.132 0.051 +11.99 +0.016
0.772 0.130 +2.96 +0.023
0.882 0.128 -0.92 -0.008

(FWPCA Method Study 2, Nutrient Analyses)

10.2 Twenty-six analysts in sixteen laboratories analyzed natural water samples
containing exact increments of orthophosphate, with the following results:

Increment as Precision as Accuracy as
Orthophosphorus Standard Deviation Bias, Bias

mg P/liter mg P/liter % mg P/liter
0.029 0.010 -4.95 -0.001
0.038 0.008 -6.00 -0.002
0.335 0.018 -2.75 -0.009
0.383 0.023 -1.76 -0.007

(FWPCA Method Study 2, Nutrient Analyses)
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SOP – NH3/TKN (EPA 350.3/351.3) 
(sediment/water analysis)



METHOD #: 350.3 Approved for NPDES (Issued 1974)

TITLE: Nitrogen, Ammonia (Potentiometric, Ion Selective
Electrode)

ANALYTE: CAS #    Nitrogen, N         7727-37-9
CAS #    Ammonia, NH      7664-41-73

INSTRUMENTATION: ISE

STORET No. Total       00610
     Dissolved   00608

1.0 Scope and Application

1.1 This method is applicable to the measurement of ammonia-nitrogen in drinking,
surface and saline waters, domestic and industrial wastes.  

1.2 This method covers the range from 0.03 to 1400 mg NH -N/L. Color and turbidity3

have no effect on the measurements, thus, distillation may not be necessary.  

2.0 Summary of Method

2.1 The ammonia is determined potentiometrically using an ion selective  ammonia
electrode and a pH meter having an expanded millivolt scale or  a specific ion
meter.

2.2 The ammonia electrode uses a hydrophobic gas-permeable membrane to separate
the sample solution from an ammonium chloride internal solution. Ammonia in
the sample diffuses through the membrane and alters the pH of the internal
solution, which is sensed by a pH electrode. The constant level of chloride in the
internal solution is sensed by a chloride selective ion electrode which acts as the
reference electrode.

3.0 Sample Handling and Preservation

3.1 Samples may be preserved with 2 mL of conc. H SO  per liter and stored  at 4°C.2 4

4.0 Interferences

4.1 Volatile amines act as a positive interference.
4.2 Mercury interferes by forming a strong complex with ammonia. Thus the samples

cannot be preserved with mercuric chloride.

5.0  Apparatus

5.1 Electrometer (pH meter) with expanded mV scale or a specific ion  meter.
5.2 Ammonia selective electrode, such as Orion Model 95-10 or EIL Model 8002-2.
5.3 Magnetic stirrer, thermally insulated, and Teflon-Coated stirring bar.

6.0 Reagents  



6.1 Distilled water: Special precautions must be taken to insure that the distilled water
is free of ammonia. This is accomplished by passing distilled water through an ion
exchange column containing a strongly acidic cation exchange resin mixed with a
strongly basic anion exchange resin.  

6.2 Sodium hydroxide, 10N: Dissolve 400 g of sodium hydroxide in 800 mL of
distilled water. Cool and dilute to 1 liter with distilled water  (6.1).

6.3 Ammonium chloride, stock solution: 1.0 mL = 1.0 mg NH -N. Dissolve 3.819 g3

NH4Cl in water and bring to volume in a 1 liter volumetric flask using distilled
water (6.1).  

6.4 Ammonium chloride, standard solution: 1.0 mL = 0.01 mg NH -N. Dilute 10.0 mL3

of the stock solution (6. 3) to 1 liter with distilled water (6.1) in a volumetric flask.  
NOTE 1: When analyzing saline waters, standards must be made up in synthetic
ocean water (SOW); found in Nitrogen, Ammonia: Colorimetric, Automated
Phenate Method (350. 1).  

7.0  Procedure  

7.1 Preparation of standards: Prepare a series of standard solutions covering the
concentration range of the samples by diluting either the stock or standard
solutions of ammonium chloride.  

7.2 Calibration of electrometer: Place 100 mL of each standard solution in clean 150
mL beakers. Immerse electrode into standard of lowest concentration and add 1
mL of 10N sodium hydroxide solution while mixing. Keep electrode in the
solution until a stable reading is obtained. 
NOTE 2: The pH of the solution after the addition of NaOH must be  above 11. 
Caution: Sodium hydroxide must not be added prior to electrode immersion, for
ammonia may be lost from a basic solution.  

7.3 Repeat this procedure with the remaining standards, going from lowest to highest
concentration. Using semilogarithmic graph paper, plot the concentration of
ammonia in mg NH3-N/L on the log axis vs. the electrode potential developed in
the standard on the linear axis, starting with the lowest concentration at the
bottom of the scale.  

7.4 Calibration of a specific ion meter: Follow the directions of the manufacturer for
the operation of the instrument.  

7.5 Sample measurement: Follow the procedure in (7.2) for 100 mL of sample in 150
mL beakers. Record the stabilized potential of each unknown sample and convert
the potential reading to the ammonia concentration using the standard curve. If a
specific ion meter is used, read the ammonia level directly in mg NH -N/L.  3

8.0 Precision and Accuracy  

8.1 In a single laboratory (EMSL), using surface water samples at concentrations of
1.00, 0.77, 0.19, and 0.13 mg NH -N/L, standard deviations were ± 0.038, ± 0.017,3

± 0.007, and ± 0.003, respectively.  
8.2 In a single laboratory (EMSL), using surface water samples at concentrations of

0.19 and 0.13 mg NH -N/L, recoveries were 96% and 91%, respectively.  3
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METHOD #: 351.3 Approved for NPDES (Editorial Revision 1974,
1978)

TITLE: Nitrogen, Kjeldahl, Total (Colorimetric;
Titrimetric; Potentiometric)

ANALYTE: CAS # N Nitrogen 7727-37-9

INSTRUMENTATION: Spectrophotometer

STORET No. 00625

1.0 Scope and Application

1.1 This method covers the determination of total Kjeldahl nitrogen in drinking,
surface and saline waters, domestic and industrial wastes. The procedure
converts nitrogen components of biological origin such as amino acids,
proteins and peptides to ammonia, but may not convert the nitrogenous
compounds of some industrial wastes such as amines, nitro compounds,
hydrazones, oximes, semicarbazones and some refractory tertiary amines.

1.2 Three alternatives are listed for the determination of ammonia after distillation:
the titrimetric method which is applicable to concentrations above 1 mg
N/liter; the Nesslerization method which is applicable to concentrations below
1 mg N/liter; and the potentiometric method applicable to the range 0.05 to
1400 mg/L.

1.3 This method is described for macro and micro glassware systems.

2.0 Definitions

2.1 Total Kjeldahl nitrogen is defined as the sum of free-ammonia and organic
nitrogen compounds which are converted to ammonium sulfate (NH4)2SO4,
under the conditions of digestion described below.

2.2 Organic Kjeldahl nitrogen is defined as the difference obtained by subtracting
the free- ammonia value (Method 350.2, Nitrogen, Ammonia, this manual)
from the total Kjeldahl nitrogen value. This may be determined directly by
removal of ammonia before digestion.

3.0 Summary of Method

3.1 The sample is heated in the presence of conc. sulfuric acid, K2SO 4and HgSO4
and evaporated until SO3 fumes are obtained and the solution becomes
colorless or pale yellow. The residue is cooled, diluted, and is treated and
made alkaline with a hydroxide-thiosulfate solution. The ammonia is distilled
and determined after distillation by Nesslerization, titration or potentiometry.

4.0 Sample Handling and Preservation

4.1 Samples may be preserved by addition of 2 mL of conc. H2SO4 per liter and
stored at 4°C. Even when preserved in this manner, conversion of organic



nitrogen to ammonia may occur. Preserved samples should be analyzed as
soon as possible.

5.0 Interference

5.1 High nitrate concentrations (1OX or more than the TKN level) result in low
TKN values. The reaction between nitrate and ammonia can be prevented by
the use of an anion exchange resin (chloride form) to remove the nitrate prior
to the TKN analysis.

6.0 Apparatus

6.1 Digestion apparatus: A Kjeldahl digestion apparatus with 800 or 100 mL flasks
and suction takeoff to remove SO3 fumes and water.

6.2 Distillation apparatus: The macro Kjeldahl flask is connected to a condenser
and an adaptor so that the distillate can be collected. Micro Kjeldahl steam
distillation apparatus is commercially available.

6.3 Spectrophotometer for use at 400 to 425 nm with a light path of 1 cm or
longer.

7.0 Reagents

7.1 Distilled water should be free of ammonia. Such water is best prepared by the
passage of distilled water through an ion exchange column containing a
strongly acidic cation exchange resin mixed with a strongly basic anion
exchange resin. Regeneration of the column should be carried out according to
the manufacturer’s instructions.
NOTE 1: All solutions must be made with ammonia-free water.

7.2 Mercuric sulfate solution: Dissolve 8 g red mercuric oxide (HgO) in 50 mL of
1:4 sulfuric acid (10.0 mL conc. H2SO4: 40 mL distilled water) and dilute to 100
mL with distilled water.

7.3 Sulfuric acid-mercuric sulfate-potassium sulfate solution: Dissolve 267 g K2SO4
in 1300 mL distilled water and 400 mL conc. H2SO4. Add 50 mL mercuric
sulfate solution (7.2) and dilute to 2 liters with distilled water.

7.4 Sodium hydroxide-sodium thiosulfate solution: Dissolve 500 g NaOH and 25 g
Na2S203 5H2O in distilled water and dilute to 1 liter.

7.5 Mixed indicator: Mix 2 volumes of 0.2% methyl red in 95% ethanol with 1
volume of 0.2% methylene blue in ethanol. Prepare fresh every 30 days.

7.6 Boric acid solution: Dissolve 20 g boric acid, H3BO3, in water and dilute to 1
liter with distilled water.

7.7 Sulfuric acid, standard solution: (0.02 N) 1 mL = 0.28 mg NH3-N. Prepare a
stock solution of approximately 0.1 N acid by diluting 3 mL of conc. H2SO4
(sp. gr. 1.84) to 1 liter with CO2-free distilled water. Dilute 200 mL of this
solution to 1 liter with CO2-free distilled water. Standardize the approximately
0.02 N acid so prepared against 0.0200 N Na2CO3 solution. This last solution is
prepared by dissolving 1.060 g anhydrous Na2CO3, oven-dried at 140°C, and
diluting to 1 liter with CO2-free distilled water.



NOTE 2: An alternate and perhaps preferable method is to standardize the
approximately 0.1 N H2SO4 solution against a 0.100 N Na2CO3 solution. By
proper dilution the 0.02 N acid can the be prepared.

7.8 Ammonium chloride, stock solution: 1.0 mL = 1.0 mg NH3-N. Dissolve 3.819 g
NH4Cl in water and make up to 1 liter in a volumetric flask with distilled
water.

7.9 Ammonium chloride, standard solution: 1.0 mL = 0.01 mg NH3-N. Dilute 10.0
mL of the stock solution (7. 8) with distilled water to 1 liter in a volumetric
flask.

7.10 Nessler reagent: Dissolve 100 g of mercuric iodide and 70 g potassium iodide
in a small volume of distilled water. Add this mixture slowly, with stirring, to
a cooled solution of 160 g of NaOH in 500 mL of distilled water. Dilute the
mixture to 1 liter. The solution is stable for at least one year if stored in a
pyrex bottle out of direct sunlight.
NOTE 3: Reagents 7.7, 7.8, 7.9, and 7.10 are identical to reagents 6.8, 6.2, 6.3,
and 6.6 described under Nitrogen, Ammonia (Colorimetric; Titrimetric;
Potentiometric-Distillation Procedure, Method 350.2).

8.0 Procedure

8.1 The distillation apparatus should be pre steamed before use by distilling a 1:1
mixture of distilled water and sodium hydroxide-sodium thiosulfate solution
(7.4) until the distillate is ammonia-free. This operation should be repeated
each time the apparatus is out of service long enough to accumulate ammonia
(usually 4 hours or more).

8.2 Macro Kjeldahl system
8.2.1 Place a measured sample or the residue from the distillation in the

ammonia determination (for Organic Kjeldahl only) into an 800 mL
Kjeldahl flask. The sample size can be determined from the following
table:

Kjeldahl Nitrogen Sample Size
in Sample, mg/L mL

0-5 500
5-10 250

10-20 100
20-50 50.0

50-500 25.0

Dilute the sample, if required, to 500 mL with distilled water, and add
100 mL sulfuric acid-mercuric sulfate-potassium sulfate solution (7.3).
Evaporate the mixture in the Kjeldahl apparatus until SO3 fumes are
given off and the solution turns colorless or pale yellow. Continue
heating for 30 additional minutes. Cool the residue and add 300 mL
distilled water.

8.2.2 Make the digestate alkaline by careful addition of 100 mL of sodium
hydroxide - thiosulfate solution (7.4) without mixing.
NOTE 5: Slow addition of the heavy caustic solution down the tilted
neck of the digestion flask will cause heavier solution to underlay the



aqueous sulfuric acid solution without loss of free-ammonia. Do not
mix until the digestion flask has been connected to the distillation
apparatus.

8.2.3 Connect the Kjeldahl flask to the condenser with the tip of condenser or
an extension of the condenser tip below the level of the boric acid
solution (7.6) in the receiving flask.

8.2.4 Distill 300 mL at the rate of 6-10 ml/min., into 50 mL of 2% boric acid
(7.6) contained in a 500 mL Erlenmeyer flask.

8.2.5 Dilute the distillate to 500 mL in the flask. These flasks should be
marked at the 350 and the 500 mL volumes. With such marking, it is
not necessary to transfer the distillate to volumetric flasks. For
concentrations above 1 mg/L, the ammonia can be determined
titrimetrically. For concentrations below this value, it is determined
colorimetrically. The potentiometric method is applicable to the range
0.05 to 1400 mg/L.

8.3 Micro Kjeldahl system
8.3.1 Place 50.0 mL of sample or an aliquot diluted to 50 mL in a 100 mL

Kjeldahl flask and add 10 mL sulfuric acid-mercuric sulfate- potassium
sulfate solution (7.3). Evaporate the mixture in the Kjeldahl apparatus
until SO3 fumes are given off and the solution turns colorless or pale
yellow. Then digest for an additional 30 minutes. Cool the residue and
add 30 mL distilled water.

8.3.2 Make the digestate alkaline by careful addition of 10 mL of sodium
hydroxide thiosulfate solution (7.4) without mixing. Do not mix until
the digestion flask has been connected to the distillation apparatus.

8.3.3 Connect the Kjeldahl flask to the condenser with the tip of condenser or
an extension of the condenser tip below the level of the boric acid
solution (7.6) in the receiving flask or 50 mL short-form Nessler tube.

8.3.4 Steam distill 30 mL at the rate of 6-10 ml/min., into 5 mL of 2% boric
acid (7.6).

8.3.5 Dilute the distillate to 50 mL. For concentrations above 1 mg/L the
ammonia can be determined titrimetrically. For concentrations below
this value, it is determined colorimetrically. The potentiometric method
is applicable to the range 0.05 to 1400 mg/L.

8.4 Determination of ammonia in distillate: Determine the ammonia content of the
distillate titrimetrically, colorimetrically, or potentiometrically, as described
below.
8.4.1 Titrimetric determination: Add 3 drops of the mixed indicator (7.5) to

the distillate and titrate the ammonia with the 0.02 N H2SO4 (7.7),
matching the endpoint against a blank containing the same volume of
distilled water and H3BO3 (7.6) solution.



8.4.2 Colorimetric determination: Prepare a series of Nessler tube standards
as follows:

mL of Standard
1.0 mL = 0.01 mg NH3-N mg NH3-N/50.0 mL

0.0 0.0
0.5 0.005
1.0 0.010
2.0 0.020
4.0 0.040
5.0 0.050
8.0 0.080

10.0 0.10

Dilute each tube to 50 mL with ammonia free water, add 1 mL of
Nessler Reagent (7.10) and mix. After 20 minutes read the absorbance at
425 nm against the blank. From the values obtained for the standards
plot absorbance vs. mg NH3-N for the standard curve. Develop color in
the 50 mL diluted distillate in exactly the same manner and read mg
NH3-N from the standard curve.

8.4.3 Potentiometric determination: Consult the method entitled Nitrogen,
Ammonia: Potentiometric, Ion Selective Electrode Method,(350.3) in this
manual.

8.4.4 It is not imperative that all standards be treated in the same manner as
the samples. It is recommended that at least 2 standards (a high and
low) be digested, distilled, and compared to similar values on the curve
to insure that the digestion-distillation technique is reliable. If treated
standards do not agree with untreated standards the operator should
find the cause of the apparent error before proceeding.

9.0 Calculation

9.1 If the titrimetric procedure is used, calculate Total Kjeldahl Nitrogen, in mg/L,
in the original sample as follows:

where:

A = milliliters of standard 0.020 N H2SO4 solution used in titrating sample.
B = milliliters of standard 0.020 N H2SO4 solution used in titrating blank.
N = normality of sulfuric acid solution.
F = milliequivalent weigh to nitrogen (14mg).
S = milliliters of sample digested.

If the sulfuric acid is exactly 0.02 N the formula is shortened to:



9.2 If the Nessler procedure is used, calculate the Total Kjeldahl Nitrogen, in
mg/L, in the original sample as follows:

where:

A = mg NH3-N read from curve.
B = mL total distillate collected including the H3BO3.
C = mL distillate taken for Nesslerization.
D = mL of original sample taken.

9.3 Calculate Organic Kjeldahl Nitrogen in mg/L, as follows: Organic Kjeldahl
Nitrogen = TKN--(NH3-N.)

9.4 Potentiometric determination: Calculate Total Kjeldahl Nitrogen, in mg/L, in
the original sample as follows:

where:

A = mg NH3-N/L from electrode method standard curve.
B = volume of diluted distillate in mL.
D = mL of original sample taken.

10.0 Precision

10.1 Thirty-one analysts in twenty laboratories analyzed natural water samples
containing exact increments of organic nitrogen, with the following results:

Increment as Precision as Accuracy as
Nitrogen, Kjeldahl Standard Deviation Bias, Bias

mg N/liter mg N/liter % mg N/liter
0.20 0.197 +15.54 +0.03
0.31 0.247 + 5.45 +0.02
4.10 1.056 + 1.03 +0.04
4.61 1.191 - 1.67 -0.08

(FWPCA Method Study 2, Nutrient Analyses)
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METHOD 180.1

DETERMINATION OF TURBIDITY BY NEPHELOMETRY

1.0 SCOPE AND APPLICATION

1.1 This method covers the determination of turbidity in drinking, ground, surface,
and saline waters, domestic and industrial wastes.

1.2 The applicable range is 0-40 nephelometric turbidity units (NTU).  Higher
values may be obtained with dilution of the sample.

2.0 SUMMARY OF METHOD

2.1 The method is based upon a comparison of the intensity of light scattered by
the sample under defined conditions with the intensity of light scattered by a
standard reference suspension.  The higher the intensity of scattered light, the
higher the turbidity.  Readings, in NTU's, are made in a nephelometer
designed according to specifications given in Sections 6.1 and 6.2.  A primary
standard suspension is used to calibrate the instrument.  A secondary standard
suspension is used as a daily calibration check and is monitored periodically
for deterioration using one of the primary standards.

2.1.1 Formazin polymer is used as a primary turbidity suspension for water
because it is more reproducible than other types of standards
previously used for turbidity analysis.

2.1.2 A commercially available polymer primary standard is also approved
for use for the National Interim Primary Drinking Water Regulations. 
This standard is identified as AMCO-AEPA-1, available from Advanced
Polymer Systems.

3.0 DEFINITIONS

3.1 Calibration Blank (CB) -- A volume of reagent water fortified with the same
matrix as the calibration standards, but without the analytes, internal
standards, or surrogates analytes.

3.2 Instrument Performance Check Solution (IPC) -- A solution of one or more
method analytes, surrogates, internal standards, or other test substances used
to evaluate the performance of the instrument system with respect to a defined
set of criteria.

3.3 Laboratory Reagent Blank (LRB) -- An aliquot of reagent water or other blank
matrices that are treated exactly as a sample including exposure to all
glassware, equipment, solvents, reagents, internal standards, and surrogates
that are used with other samples.  The LRB is used to determine if method
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analytes or other interferences are present in the laboratory environment, the
reagents, or the apparatus.

3.4 Linear Calibration Range (LCR) -- The concentration range over which the
instrument response is linear.

3.5 Material Safety Data Sheet (MSDS) -- Written information provided by
vendors concerning a chemical's toxicity, health hazards, physical properties,
fire, and reactivity data including storage, spill, and handling precautions.

 
3.6 Primary Calibration Standard (PCAL) -- A suspension prepared from the

primary dilution stock standard suspension.  The PCAL suspensions are used
to calibrate the instrument response with respect to analyte concentration.

3.7 Quality Control Sample (QCS) -- A solution of the method analyte of known
concentrations that is used to fortify an aliquot of LRB matrix.  The QCS is
obtained from a source external to the laboratory, and is used to check
laboratory performance.

3.8 Secondary Calibration Standards (SCAL) -- Commercially prepared, stabilized
sealed liquid or gel turbidity standards calibrated against properly prepared
and diluted formazin or styrene divinylbenzene polymers.

3.9 Stock Standard Suspension (SSS) -- A concentrated suspension containing the
analyte prepared in the laboratory using assayed reference materials or
purchased from a reputable commercial source.  Stock standard suspension is
used to prepare calibration suspensions and other needed suspensions.

4.0 INTERFERENCES

4.1 The presence of floating debris and coarse sediments which settle out rapidly
will give low readings.  Finely divided air bubbles can cause high readings.

4.2 The presence of true color, that is the color of water which is due to dissolved
substances that absorb light, will cause turbidities to be low, although this
effect is generally not significant with drinking waters.

4.3 Light absorbing materials such as activated carbon in significant concentrations
can cause low readings.

5.0 SAFETY

5.1 The toxicity or carcinogenicity of each reagent used in this method has not
been fully established.  Each chemical should be regarded as a potential health
hazard and exposure should be as low as reasonably achievable.

5.2 Each laboratory is responsible for maintaining a current awareness file of
OSHA regulations regarding the safe handling of the chemicals specified in
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this method.  A reference file of Material Safety Data Sheets (MSDS) should be
made available to all personnel involved in the chemical analysis.  The
preparation of a formal safety plan is also advisable.

5.3 Hydrazine Sulfate (Section 7.2.1) is a carcinogen. It is highly toxic and may be
fatal if inhaled, swallowed, or absorbed through the skin.  Formazin can
contain residual hydrazine sulfate.  Proper protection should be employed.  

6.0 EQUIPMENT AND SUPPLIES

6.1 The turbidimeter shall consist of a nephelometer, with light source for
illuminating the sample, and one or more photo-electric detectors with a
readout device to indicate the intensity of light scattered at right angles to the
path of the incident light.  The turbidimeter should be designed so that little
stray light reaches the detector in the absence of turbidity and should be free
from significant drift after a short warm-up period.

6.2 Differences in physical design of turbidimeters will cause differences in
measured values for turbidity, even though the same suspension is used for
calibration.  To minimize such differences, the following design criteria should
be observed:

6.2.1 Light source:  Tungsten lamp operated at a color temperature between
2200-3000°K.

6.2.2 Distance traversed by incident light and scattered light within the
sample tube:  Total not to exceed 10 cm.

6.2.3 Detector:  Centered at 90° to the incident light path and not to exceed
±30° from 90°.  The detector, and filter system if used, shall have a
spectral peak response between 400 nm and 600 nm.

6.3 The sensitivity of the instrument should permit detection of a turbidity
difference of 0.02 NTU or less in waters having turbidities less than 1 unit. 
The instrument should measure from 0-40 units turbidity.  Several ranges may
be necessary to obtain both adequate coverage and sufficient sensitivity for low
turbidities.

6.4 The sample tubes to be used with the available instrument must be of clear,
colorless glass or plastic.  They should be kept scrupulously clean, both inside
and out, and discarded when they become scratched or etched.  A light
coating of silicon oil may be used to mask minor imperfections in glass tubes. 
They must not be handled at all where the light strikes them, but should be
provided with sufficient extra length, or with a protective case, so that they
may be handled.  Tubes should be checked, indexed and read at the
orientation that produces the lowest background blank value.

6.5 Balance -- Analytical, capable of accurately weighing to the nearest 0.0001 g.
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6.6 Glassware -- Class A volumetric flasks and pipets as required.

7.0 REAGENTS AND STANDARDS

7.1 Reagent water, turbidity-free:  Pass deionized distilled water through a 0.45µ
pore size membrane filter, if such filtered water shows a lower turbidity than
unfiltered distilled water.

7.2 Stock standard suspension (Formazin):

7.2.1 Dissolve 1.00 g hydrazine sulfate, (NH ) .H SO , (CASRN 10034-93-2) in2 2 2 4

reagent water and dilute to 100 mL in a volumetric flask.  CAUTION--
carcinogen.

7.2.2 Dissolve 10.00 g hexamethylenetetramine (CASRN 100-97-0) in reagent
water and dilute to 100 mL in a volumetric flask.  In a 100 mL
volumetric flask, mix 5.0 mL of each solution (Sections 7.2.1 and 7.2.2). 
Allow to stand 24 hours at 25 ±3°C, then dilute to the mark with
reagent water.

7.3 Primary calibration standards:  Mix and dilute 10.00 mL of stock standard
suspension (Section 7.2) to 100 mL with reagent water.  The turbidity of this
suspension is defined as 40 NTU.  For other values, mix and dilute portions of
this suspension as required.

7.3.1 A new stock standard suspension (Section 7.2) should be prepared each
month.  Primary calibration standards (Section 7.3) should be prepared
daily by dilution of the stock standard suspension.

7.4 Formazin in commercially prepared primary concentrated stock standard
suspension (SSS) may be diluted and used as required.  Dilute turbidity
standards should be prepared daily. 

7.5 AMCO-AEPA-1 Styrene Divinylbenzene polymer primary standards are
available for specific instruments and require no preparation or dilution prior
to use.

7.6 Secondary standards may be acceptable as a daily calibration check, but must
be monitored on a routine basis for deterioration and replaced as required.

8.0 SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1 Samples should be collected in plastic or glass bottles.  All bottles must be
thoroughly cleaned and rinsed with turbidity free water.  Volume collected
should be sufficient to insure a representative sample, allow for replicate
analysis (if required), and minimize waste disposal.

8.2 No chemical preservation is required.  Cool sample to 4°C.
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8.3 Samples should be analyzed as soon as possible after collection.  If storage is
required, samples maintained at 4°C may be held for up to 48 hours. 

9.0 QUALITY CONTROL

9.1 Each laboratory using this method is required to operate a formal quality
control (QC) program.  The minimum requirements of this program consist of
an initial demonstration of laboratory capability and analysis of laboratory
reagent blanks and other solutions as a continuing check on performance.  The
laboratory is required to maintain performance records that define the quality
of data generated.

   9.2 INITIAL DEMONSTRATION OF PERFORMANCE.

9.2.1 The initial demonstration of performance is used to characterize
instrument performance (determination of LCRs and analysis of QCS).

9.2.2 Linear Calibration Range (LCR) -- The LCR must be determined
initially and verified every six months or whenever a significant change
in instrument response is observed or expected.  The initial
demonstration of linearity must use sufficient standards to insure that
the resulting curve is linear.  The verification of linearity must use a
minimum of a blank and three standards.  If any verification data
exceeds the initial values by ±10%, linearity must be reestablished.  If
any portion of the range is shown to be nonlinear, sufficient standards
must be used to clearly define the nonlinear portion.

9.2.3 Quality Control Sample (QCS) -- When beginning the use of this
method, on a quarterly basis or as required to meet data-quality needs,
verify the calibration standards and acceptable instrument performance
with the preparation and analysis of a QCS.  If the determined
concentrations are not within ±10% of the stated values, performance of
the determinative step of the method is unacceptable.  The source of
the problem must be identified and corrected before continuing with
on-going analyses.

9.3 ASSESSING LABORATORY PERFORMANCE 

9.3.1 Laboratory Reagent Blank (LRB) -- The laboratory must analyze at least
one LRB with each batch of samples.  Data produced are used to assess
contamination from the laboratory environment.  

9.3.2 Instrument Performance Check Solution (IPC) -- For all determinations,
the laboratory must analyze the IPC (a mid-range check standard) and
a calibration blank immediately following daily calibration, after every
tenth sample (or more frequently, if required) and at the end of the
sample run.  Analysis of the IPC solution and calibration blank
immediately following calibration must verify that the instrument is
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within ±10% of calibration.  Subsequent analyses of the IPC solution
must verify the calibration is still within ±10%.  If the calibration cannot
be verified within the specified limits, reanalyze the IPC solution.  If the
second analysis of the IPC solution confirms calibration to be outside
the limits, sample analysis must be discontinued, the cause determined
and/or in the case of drift the instrument recalibrated.  All samples
following the last acceptable IPC solution must be reanalyzed.  The
analysis data of the calibration blank and IPC solution must be kept on
file with the sample analyses data.  NOTE: Secondary calibration
standards (SS) may also be used as the IPC.

9.3.3 Where additional reference materials such as Performance Evaluation
samples are available, they should be analyzed to provide additional
performance data.  The analysis of reference samples is a valuable tool
for demonstrating the ability to perform the method acceptably. 

10.0 CALIBRATION AND STANDARDIZATION

10.1 Turbidimeter calibration:  The manufacturer's operating instructions should be
followed.  Measure standards on the turbidimeter covering the range of
interest.  If the instrument is already calibrated in standard turbidity units, this
procedure will check the accuracy of the calibration scales.  At least one
standard should be run in each instrument range to be used.  Some
instruments permit adjustments of sensitivity so that scale values will
correspond to turbidities.  Solid standards, such as those made of lucite blocks,
should never be used due to potential calibration changes caused by surface
scratches.  If a pre-calibrated scale is not supplied, calibration curves should be
prepared for each range of the instrument.

11.0 PROCEDURE

11.1 Turbidities less than 40 units:  If possible, allow samples to come to room
temperature before analysis.  Mix the sample to thoroughly disperse the solids. 
Wait until air bubbles disappear then pour the sample into the turbidimeter
tube.  Read the turbidity directly from the instrument scale or from the
appropriate calibration curve.

11.2 Turbidities exceeding 40 units:  Dilute the sample with one or more volumes
of turbidity-free water until the turbidity falls below 40 units.  The turbidity of
the original sample is then computed from the turbidity of the diluted sample
and the dilution factor.  For example, if 5 volumes of turbidity-free water were
added to 1 volume of sample, and the diluted sample showed a turbidity of 30
units, then the turbidity of the original sample was 180 units.

11.2.1 Some turbidimeters are equipped with several separate scales.  The
higher scales are to be used only as indicators of required dilution
volumes to reduce readings to less than 40 NTU.
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Note:  Comparative work performed in the Environmental Monitoring
Systems Laboratory - Cincinnati (EMSL-Cincinnati) indicates a
progressive error on sample turbidities in excess of 40 units.

12.0 DATA ANALYSIS AND CALCULATIONS

12.1 Multiply sample readings by appropriate dilution to obtain final reading.

12.2 Report results as follows:

    NTU       Record to Nearest:

0.0 - 1.0 0.05
   1 - 10 0.1
 10 - 40 1
 40 - 100 5

            100 - 400            10
            400 - 1000            50

     >1000          100

13.0 METHOD PERFORMANCE

13.1 In a single laboratory (EMSL-Cincinnati), using surface water samples at levels
of 26, 41, 75, and 180 NTU, the standard deviations were ±0.60, ±0.94, ±1.2,
and ±4.7 units, respectively.

13.2 The interlaboratory precision and accuracy data in Table 1 were developed
using a reagent water matrix.  Values are in NTU.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous
opportunities for pollution prevention exist in laboratory operation.  The EPA
has established a preferred hierarchy of environmental management techniques
that places pollution prevention as the management option of first choice. 
Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly
reduced at the source, the Agency recommends recycling as the next best
option.

14.2 The quantity of chemicals purchased should be based on expected usage
during its shelf life and disposal cost of unused material.  Actual reagent
preparation volumes should reflect anticipated usage and reagent stability.

14.3 For information about pollution prevention that may be applicable to 
laboratories and research institutions, consult "Less is Better:  Laboratory
Chemical Management for Waste Reduction," available from the American
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Chemical Society's Department of Government Regulations and Science Policy,
1155 16th Street N.W., Washington D.C.  20036, (202)872-4477.  

15.0 WASTE MANAGEMENT 

15.1 The U.S. Environmental Protection Agency requires that laboratory waste
management practices be conducted consistent with all applicable rules and
regulations.  Excess reagents, samples and method process wastes should be
characterized and disposed of in an acceptable manner.  The Agency urges
laboratories to protect the air, water and land by minimizing and controlling
all releases from  hoods, and bench operations, complying with the letter and
spirit of any waste discharge permit and regulations, and by complying with
all solid and hazardous waste regulations, particularly the hazardous waste
identification rules and land disposal restrictions.  For further information on
waste management consult the "Waste Management Manual for Laboratory
Personnel," available from the American Chemical Society at the address listed
in Section 14.3.

16.0 REFERENCES

1. Annual Book of ASTM Standards, Volume 11.01 Water (1), Standard D1889-
88A, p. 359, (1993).

2. Standard Methods for the Examination of Water and Wastewater, 18th Edition,
pp. 2-9, Method 2130B, (1992).
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17.0 TABLES, DIAGRAMS, FLOWCHARTS AND VALIDATION DATA

TABLE 1.  INTERLABORATORY PRECISION AND ACCURACY DATA

Number of True Standard
Values Value Mean Residual Deviation Residual

Reported (T) (X) for X (S) for S

373 0.450 0.4864 0.0027 0.1071 -0.0078

374 0.600 0.6026 -0.0244 0.1048 -0.0211

289 0.65 0.6931 0.0183 0.1301 0.0005

482 0.910 0.9244 0.0013 0.2512 0.1024

484 0.910 0.9919 0.0688 0.1486 -0.0002

489 1.00 0.9405 -0.0686 0.1318 -0.0236

640 1.36 1.3456 -0.0074 0.1894 0.0075

487 3.40 3.2616 -0.0401 0.3219 -0.0103

288 4.8 4.5684 -0.0706 0.3776 -0.0577

714 5.60 5.6984 0.2952 0.4411 -0.0531

641 5.95 5.6026 -0.1350 0.4122 -0.1078

REGRESSIONS:  X = 0.955T + 0.54, S = 0.074T + 0.082
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THE DETERMINATION OF CHEMICAL OXYGEN DEMAND
BY SEMI-AUTOMATED COLORIMETRY

1.0 SCOPE AND APPLICATION

1.1 This method covers the determination of chemical oxygen demand (COD) in
ground and surface waters, domestic and industrial wastes.

1.2 The applicable range is 3-900 mg/L.

2.0 SUMMARY OF METHOD

2.1 Sample, blanks, and standards in sealed tubes are heated in an oven or block
digestor in the presence of dichromate at 150°C.  After two hours, the tubes
are removed from the oven or digester, cooled, and measured
spectrophotometrically at 600 nm.  The colorimetric determination may also be
performed manually.

2.2 Reduced volume versions of this method that use the same reagents and molar
ratios are acceptable provided they meet the quality control and performance
requirements stated in the method.

2.3 Limited performance-based method modifications may be acceptable provided
they are fully documented and meet or exceed requirements expressed in
Section 9.0, Quality Control.

3.0 DEFINITIONS

3.1 Calibration Blank (CB) -- A volume of reagent water fortified with the same
matrix as the calibration standards, but without the analytes, internal
standards, or surrogate analytes.

3.2 Calibration Standard (CAL) -- A solution prepared from the primary dilution
standard solution or stock standard solutions and the internal standards and
surrogate analytes.  The CAL solutions are used to calibrate the instrument
response with respect to analyte concentration.

3.3 Instrument Performance Check Solution (IPC) -- A solution of one or more
method analytes, surrogates, internal standards, or other test substances used
to evaluate the performance of the instrument system with respect to a defined
set of criteria.



410.4-3

3.4 Laboratory Fortified Blank (LFB) -- An aliquot of reagent water or other blank
matrices to which known quantities of the method analytes are added in the
laboratory.  The LFB is analyzed exactly like a sample, and its purpose is to
determine whether the methodology is in control, and whether the laboratory
is capable of making accurate and precise measurements.

3.5 Laboratory Fortified Sample Matrix (LFM) -- An aliquot of an environmental
sample to which known quantities of the method analytes are added in the
laboratory.  The LFM is analyzed exactly like a sample, and its purpose is to
determine whether the sample matrix contributes bias to the analytical results. 
The background concentrations of the analytes in the sample matrix must be
determined in a separate aliquot and the measured values in the LFM
corrected for background concentrations.

3.6 Laboratory Reagent Blank (LRB) -- An aliquot of reagent water or other blank
matrices that are treated exactly as a sample including exposure to all
glassware, equipment, solvents, reagents, internal standards, and surrogates
that are used with other samples.  The LRB is used to determine if method
analytes or other interferences are present in the laboratory environment, the
reagents, or the apparatus.

3.7 Linear Calibration Range (LCR) -- The concentration range over which the
instrument response is linear.

3.8 Material Safety Data Sheet (MSDS) -- Written information provided by
vendors concerning a chemical's toxicity, health hazards, physical properties,
fire, and reactivity data including storage, spill, and handling precautions.

3.9 Method Detection Limit (MDL) -- The minimum concentration of an analyte
that can be identified, measured and reported with 99% confidence that the
analyte concentration is greater than zero.

3.10 Quality Control Sample (QCS) -- A solution of method analytes of known
concentrations that is used to fortify an aliquot of LRB or sample matrix.  The
QCS is obtained from a source external to the laboratory and different from
the source of calibration standards.  It is used to check laboratory performance
with externally prepared test materials.

3.11 Stock Standard Solution (SSS) -- A concentrated solution containing one or
more method analytes prepared in the laboratory using assayed reference
materials or purchased from a reputable commercial source.

4.0 INTERFERENCES

4.1 Chlorides are quantitatively oxidized by dichromate and represent a positive
interference.  Mercuric sulfate is added to the digestion tubes to complex the
chlorides.
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4.2 Method interferences may be caused by contaminants in the reagent water,
reagents, glassware, and other sample processing apparatus that bias analyte
response.

5.0 SAFETY

5.1 The toxicity or carcinogenicity of each reagent used in this method has not
been fully established.  Each chemical should be regarded as a potential health
hazard and exposure should be as low as reasonably achievable.  Cautions are
included for known extremely hazardous materials or procedures.

5.2 Each laboratory is responsible for maintaining a current awareness file of
OSHA regulations regarding the safe handling of the chemicals specified in
this method.  A reference file of Material Safety Data Sheets (MSDS) should be
made available to all personnel involved in the chemical analysis.  The
preparation of a formal safety plan is also advisable.

5.3 The following chemicals have the potential to be highly toxic or hazardous,
consult MSDS.

5.3.1 Mercuric sulfate (Section 7.2)

5.3.2 Potassium dichromate (Section 7.2)

5.3.3 Sulfuric acid (Sections 7.2, 7.3, and 7.4)

6.0 EQUIPMENT AND SUPPLIES

6.1 Balance -- Analytical, capable of accurately weighing to the nearest 0.0001 g.

6.2 Glassware -- Class A volumetric flasks and pipets as required.

6.3 Block digestor or drying oven capable of maintaining 150°C.

6.4 Muffle furnace capable of 500°C.

6.5 Culture tube with Teflon-lined screw cap, 16 x 100 mm or 25 x 150 mm.

6.6 Automated continuous flow analysis equipment designed to deliver and react
sample and reagents in the required order and ratios.

6.6.1 Sampling device (sampler)

6.6.2 Multichannel pump

6.6.3 Reaction unit or manifold

6.6.4 Colorimetric detector
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6.6.5 Data recording device

7.0 REAGENTS AND STANDARDS

7.1 Reagent water:  Distilled or deionized water, free of the analyte of  interest. 
ASTM Type II or equivalent. 

7.2 Digestion solution:  Add 5.1 g potassium dichromate K Cr O  (CASRN2 2 7

7778-50-9), 84 mL conc. sulfuric acid H SO  (CASRN 8014-95-7) and 16.7 g2 4

mercuric sulfate HgSO  (CASRN 7783-35-9) to 250 mL of reagent water, cool4

and dilute to 500 mL.  CAUTION:  CAN BE VERY HOT!

7.3 Catalyst solution:  Add 22 g silver sulfate Ag SO  (CASRN 10294-26-5) to a2 4

4.09 kg bottle of conc. H SO .  Stir until dissolved.2 4

7.4 Sampler wash solution:  Add 250 mL of conc. H SO  to 250 mL of reagent2 4

water.  CAUTION:  PREPARE CAREFULLY, HIGH HEAT GENERATION!

7.5 Stock potassium hydrogen phthalate standard:  Dissolve 0.425 g KHP (CASRN
877-24-7) in 400 mL of reagent water and dilute to 500 mL.  1 mL = 1 mg
COD.

8.0 SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1 Samples should be collected in plastic or glass bottles.  All bottles must be
thoroughly cleansed and rinsed with reagent water.  Volume collected should
be sufficient to insure a representative sample, allow for replicate analysis (if
required), and minimize waste disposal.

8.2 Samples must be preserved with H SO  to a pH <2 and cooled to 4°C at the2 4

time of collection.

8.3 Samples should be analyzed as soon as possible after collection.  If storage is
required, preserved samples maintained at 4°C may be held for up to 28 days.

9.0 QUALITY CONTROL

9.1 Each laboratory using this method is required to operate a formal quality
control (QC) program.  The minimum requirements of this program consist of
an initial demonstration of laboratory capability, and the periodic analysis of
laboratory reagent blanks, fortified blanks, and other laboratory solutions as a
continuing check on performance.  The laboratory is required to maintain
performance records that define the quality of the data that are generated.

9.2 INITIAL DEMONSTRATION OF PERFORMANCE 
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9.2.1 The initial demonstration of performance is used to characterize
instrument performance (determination of linear calibration ranges and
analysis of QCS) and laboratory performance (determination of MDLs)
prior to performing analyses by this method.

9.2.2 Linear Calibration Range (LCR) -- The LCR must be determined
initially and verified every six months or whenever a significant change
in instrument response is observed or expected.  The initial
demonstration of linearity must use sufficient standards to insure that
the resulting curve is linear.  The verification of linearity must use a
minimum of a blank and three standards.  If any verification data
exceeds the initial values by ±10%, linearity must be reestablished.  If
any portion of the range is shown to be nonlinear, sufficient standards
must be used to clearly define the nonlinear portion.

 
9.2.3 Quality Control Sample (QCS) -- When beginning the use of this

method, on a quarterly basis or as required to meet data-quality needs,
verify the calibration standards and acceptable instrument performance
with the preparation and analyses of a QCS.  If the determined
concentrations are not within ±10% of the stated values, performance of
the determinative step of the method is unacceptable.  The source of
the problem must be identified and corrected before either proceeding
with the initial determination of MDLs or continuing with on-going
analyses.

9.2.4 Method Detection Limit (MDL) -- MDLs must be established for all
analytes, using reagent water (blank) fortified at a concentration of two
to three times the estimated instrument detection limit.   To determine(2)

MDL values, take seven replicate aliquots of the fortified reagent water
and process through the entire analytical method.  Perform all
calculations defined in the method and report the concentration values
in the appropriate units.  Calculate the MDL as follows:

where, t  = Student's t value for a 99% confidence level and a
standard deviation estimate with n-1 degrees of
freedom [t = 3.14 for seven replicates]

S  = standard deviation of the replicate analyses

MDLs should be determined every six months, when a new operator
begins work, or whenever there is a significant change in the
background or instrument response.

9.3 ASSESSING LABORATORY PERFORMANCE 
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9.3.1 Laboratory Reagent Blank (LRB) -- The laboratory must analyze at least
one LRB with each batch of samples.  Data produced are used to assess
contamination from the laboratory environment.  Values that exceed the
MDL indicate laboratory or reagent contamination should be suspected
and corrective actions must be taken before continuing the analysis.

9.3.2 Laboratory Fortified Blank (LFB) -- The laboratory must analyze at least
one LFB with each batch of samples.  Calculate accuracy as percent
recovery (Section 9.4.2).  If the recovery of any analyte falls outside the
required control limits of 90-110%, that analyte is judged out of control,
and the source of the problem should be identified and resolved before
continuing analyses.

9.3.3 The laboratory must use LFB analyses data to assess laboratory
performance against the required control limits of 90-110%.  When
sufficient internal performance data become available (usually a
minimum of 20-30 analyses), optional control limits can be developed
from the percent mean recovery (x) and the standard deviation (S) of
the mean recovery.  These data can be used to establish the upper and
lower control limits as follows:

UPPER CONTROL LIMIT  = x + 3S
LOWER CONTROL LIMIT = x - 3S

The optional control limits must be equal to or better than the required
control limits of 90-110%.  After each five to ten new recovery
measurements, new control limits can be calculated using only the most
recent 20-30 data points.  Also, the standard deviation (S) data should
be used to established an on-going precision statement for the level of
concentrations included in the LFB.  These data must be kept on file
and be available for review.

9.3.4 Instrument Performance Check Solution (IPC) -- For all determinations,
the laboratory must analyze the IPC (a mid-range check standard) and
a calibration blank immediately following daily calibration, after every
tenth sample (or more frequently, if required), and at the end of the
sample run.  Analysis of the IPC solution and calibration blank
immediately following calibration must verify that the instrument is
within ±10% of calibration.  Subsequent analyses of the IPC solution
must verify the calibration is still within ±10%.  If the calibration cannot
be verified within the specified limits, reanalyze the IPC solution.  If the
second analysis of the IPC solution confirms calibration to be outside
the limits, sample analysis must be discontinued, the cause determined
and/or in the case of drift, the instrument recalibrated.  All samples
following the last acceptable IPC solution must be reanalyzed.  The
analysis data of the calibration blank and IPC solution must be kept on
file with the sample analyses data.
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9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY

9.4.1 Laboratory Fortified Sample Matrix (LFM) -- The laboratory must add a
known amount of analyte to a minimum of 10% of the routine samples. 
In each case, the LFM aliquot must be a duplicate of the aliquot used
for sample analysis.  The analyte concentration must be high enough to
be detected above the original sample and should not be less than four
times the MDL.  The added analyte concentration should be the same
as that used in the laboratory fortified blank.   

9.4.2 Calculate the percent recovery for each analyte, corrected for
concentrations measured in the unfortified sample, and compare these
values to the designated LFM recovery range 90-110%.  Percent
recovery may be calculated using the following equation:

where, R  = percent recovery
C  = fortified sample concentrations

C  = sample background concentration
s   = concentration equivalent of analyte added to sample

9.4.3 If the recovery of any analyte falls outside the designated LFM recovery
range and the laboratory performance for that analyte is shown to be in
control (Section 9.3), the recovery problem encountered with the LFM is
judged to be either matrix or solution related, not system related. 

9.4.4 Where reference materials are available, they should be analyzed to
provide additional performance data.  The analysis of reference samples
is a valuable tool for demonstrating the ability to perform the method
acceptably. 

10.0 CALIBRATION AND STANDARDIZATION

10.1 Prepare a series of at least three standards, covering the desired range, by
diluting appropriate volumes of the stock standard (Section 7.5)and a blank. 

10.2 Process standards and blanks as described under Procedure (Section 11.0).

10.3 Set up manifold as shown in Figure 1.

10.4 Allow the instrument to warm up as required.  Pump all reagents until a
stable baseline is achieved.
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10.5 Place appropriate standards in the sampler in order of decreasing
concentration and perform analysis.

10.6 Prepare a standard curve by plotting instrument response against
concentration values.  A calibration curve may be fitted to the calibration
solutions concentration/response data using computer or calculator based
regression curve fitting techniques.  Acceptance or control limits should be
established using the difference between the measured value of the calibration
solution and the "true value" concentration.  

10.7 After the calibration has been established, it must be verified by the analysis of
a suitable QCS.  If measurements exceed ±10% of the established QCS value,
the analysis should be terminated and the instrument recalibrated.  The new
calibration must be verified before continuing analysis.  Periodic reanalysis of
the QCS is recommended as a continuing calibration check.

11.0 PROCEDURE

11.1 Wash all culture tubes and screw caps with 20% H SO  before their first use to2 4

prevent contamination.  Trace contamination may be removed from the tubes
by igniting them in a muffle furnace at 500°C for one hour.

11.2 Pipet 2.5 mL of sample, standard or blank, into 16 x 100 mm tubes or 10 mL
into 25 x 100 mm tubes.

11.3 Add 1.5 mL of digestion solution (Section 7.2) to the 16 x 100 mm tubes or 6.0
mL to the 25 x 150 mm tubes and mix.

11.4 Add 3.5 mL of catalyst solution (Section 7.3) carefully down the side of the 16
x 100 mm tubes or 14.0 mL to the 25 x 150 mm tubes.

   
11.5 Cap tubes tightly and shake to mix layer.  CAUTION:  Tubes are hot.

11.6 Place tubes into a block digester or oven at 150°C and heat for two hours.

11.7 Remove, mix, and cool tubes.  Allow any precipitate to settle.

11.8 Fill and connect reagent containers and start system.  Allow the instrument to
warm up as required.  Pump all reagents until a stable baseline is achieved.

11.9 Place standards, blanks, and samples in sampler tray.  Calibrate instrument,
and begin analysis.

12.0 DATA ANALYSIS AND CALCULATIONS
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12.1 Prepare a calibration curve by plotting instrument response against standard
concentration.  Compute sample concentration by comparing sample response
with the standard curve.  Multiply answer by appropriate dilution factor.

12.2 Report only those values that fall between the lowest and the highest
calibration standards.  Samples exceeding the highest standard should be
diluted and reanalyzed.

l2.3 Report results in mg/L. 

13.0 METHOD PERFORMANCE

13.1 The interlaboratory precision and accuracy data in Table 1 were developed
using a reagent water matrix.  Values are in mg COD/L.

13.2 Single laboratory precision data can be estimated at 50-75% of the
interlaboratory precision estimates.

l4.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous
opportunities for pollution prevention exist in laboratory operation.  The EPA
has established a preferred hierarchy of environmental management techniques
that places pollution prevention as the management option of first choice. 
Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly
reduced at the source, the Agency recommends recycling as the next best
option.

 14.2 The quantity of chemicals purchased should be based on expected usage
during its shelf life and disposal cost of unused material.  Actual reagent
preparation volumes should reflect anticipated usage and reagent stability.

14.3 For information about pollution prevention that may be applicable to
laboratories and research institutions, consult "Less is Better:  Laboratory
Chemical Management for Waste Reduction," available from the American
Chemical Society's Department of Government Regulations and Science Policy,
1155 16th Street N.W., Washington, D.C.  20036, (202) 872-4477.  

15.0 WASTE MANAGEMENT 

15.1 The Environmental Protection Agency requires that laboratory waste
management practices be conducted consistent with all applicable rules and
regulations.  Excess reagents, samples, and method process wastes should be
characterized and disposed of in an acceptable manner.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling
all releases from  hoods and bench operations, complying with the letter and
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spirit of any waste discharge permit and regulations, and by complying with
all solid and hazardous waste regulations, particularly the hazardous waste
identification rules and land disposal restrictions.  For further information on
waste management consult the "Waste Management Manual for Laboratory
Personnel," available from the American Chemical Society at the address listed
in Section 14.3.

16.0 REFERENCES

1. Jirka, A.M., and M.J. Carter, "Micro-Semi-Automated Analysis of Surface and
.Wastewaters for Chemical Oxygen Demand".  Anal. Chem. 47:1397, (1975).

2. Code of Federal Regulations 40, Ch. 1, Pt. 136, Appendix B.

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

TABLE 1.  INTERLABORATORY PRECISION AND ACCURACY DATA

Number of True Standard
Values Value Mean Residual Deviation Residual

Reported (T) (X) for X (S) for S

241 18.2 18.9398 -0.4220 5.2026 -0.0964

144 26.3 26.1454 -1.0445 5.6142 -0.0888

140 28.5 32.7275 3.4115 6.2230 0.4103

112 43.5 42.8360 -0.9763 6.4351 -0.1257

261 46.6 45.3034 -1.5049 6.7677 0.0523

181 50.0 49.4740 -0.6201 7.0494 0.1644

262 65.4 63.2876 -1.6894 7.6041 -0.0489

182 76.2 75.7960 0.3816 8.4490 0.2573

141 91.7 94.0772 3.6833 7.9289 -1.0358

250 121 117.7424 -0.9678 9.6197 -0.8063

144 201 196.9391 0.9151 14.6995 0.2837

113 229 221.8109 -1.2730 17.3403 1.5280

REGRESSIONS:  X = 0.966T - 1.773, S = 0.050T + 4.391
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