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(ABSTRACT)

A viable sludge management alternative is land application of waste sludge.
However, it is necessary to implement efficient monitoring and analysis of land-
applied sludges in order to assess potential health risks associated with this means of
disposal.

The State of Virginia is considering a proposal that requires land-applied
wastewater sludges to undergo analysis by EPA’s Toxicity Characteristic Leaching
Procedure (TCLP) (EPA, 1986b) to determine if the sludge exhibits hazardous
characteristics, which preclude land application as a management alternative. The
method currently used for the analysis of hazardous wastes is the Extraction
Procedure (EP) Toxicity Test. Both of these test methods analyze for trace organic
chemicals and heavy metals. However, the TCLP is designed to analyze for volatile
organic chemicals to a greater extent than the EP. Because of the added complexity
and the current expense of the TCLP, the State is concerned that the TCLP may not
be warranted for the analysis of trace organic chemicals in land-applied sludges.

This research was designed to compare the abilities of the EP and TCLP for
the analysis of trace organic chemicals in wastewater sludges. Samples from three
municipal wastewater treatment plants that utilize secondary biological treatment,
aerobic digestion and land-apply waste sludge were evaluated by both EP and TCLP
methods. Both tests utilize a weak acid extraction to remove organic chemicals

l from the wastewater sample. The weak acid extract was subjected to liquid-liquid
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extraction (EPA Method 625) to partition and concentrate the organic chemicals
into methylene chloride; this methylene chloride extract was then subjected to GC
and GC/MS for quantitative analysis and qualitative identification of targeted and
nontargeted organic chemicals.

In order to assess recovery and extractability efficiencies of each test,
surrogate standards were added prior to the test procedure. These standards were
bromoform, 1-chlorooctane, DDT, ethylene dibromide (EDB, a volatile fungicide),

fusarex (tetrachloronitrobenzene), and heptachlor. Control samples were run for

both EP and TCLP, in addition to a sludge samples with no surrogates added.
Analysis indicated that both the TCLP and EP tests showed high variability

for the recovery of the sludge surrogates. The recoveries of the surrogate standards

were low and varied between zero and 30 percent depending on the standard and
the matrix. Surrogate recoveries were evaluated with respect to various physical/
chemical properties of the individual standard, the sample site, and the test method
utilized. Although the TCLP recovered the volatile surrogate standards only slightly

better than the EP, there was no statistically significant difference between the
TCLP and EP for the recovery of the non- and semi-volatile surrogate standards.

Specific tracc organic chemicals identified in the sludges included
dimethylpentanol, dichlorodimethoxybenzene, 4-methylphenol, and

tetrabutylphenol. Other chemicals, such as contaminants and artifacts resulting
from laboratory processing and background contamination in the reagents, were
also identified in the blank control samples as well as the sludge samples.
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CHAPTER 1
INTRODUCTION

1.1 Project Statement and Objectives

Because a need exists for effective and diversified sludge management,
several disposal alternatives are available. One of the most common management
options being used today is land application of wastewater sludges. There is
concern that potentially toxic inorganic and organic chemicals may leach out of the
sludge and contaminate nearby water sources or be translocated through the food
chain. In order to assess the leachability of a waste, analytical procedures can be
used to evaluate toxic chemicals in sludges.

The Virginia Water Resources Research Institute has solicited research
proposals to evaluate techniques for analyzing trace organics in sludge and in soil
after sludge application. For example, the State contends that the standard method
it uses to assess extractable organics produces results comparable to the proposed
Toxicity Characteristic Leaching Procedure (TCLP) recommended by the United
States Environmental Protection Agency (EPA). The method currently in use is the
Extraction Procedure (EP) Toxicity Test. On the federal level, the EP is a Q
requirement under the Resource and Recovery Act (RCRA) to determine if a waste Q
exhibits hazardous characteristics. If a municipal wastewater sludgeexhibitshazardous

characteristics by this test method, the sludge would then be regulated Q
under RCRA, which is more stringent than current federal regulationsgoverningthe

land application of municipal sewage sludge (Federal Register, 40 CFR Part 257). Q
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Both the EP and TCLP tCSt methods were designed to simulate the
leachability of specific inorga11ic and organic chemicals from wastes if mismanaged
ir1 a sanitary landfill. However, the TCLP method, a modification of the EP, was
specifically designed to improve upon the ambiguities in the EP procedure. The
TCLP, which requires specialized equipment for the analysis of volatile organic
chemicals, is specifically defined and more rigorous than the EP method.
Additionally, the list of compounds to be analyzed by the TCLP is more extensive
than for the EP. Consequently, the combination of specialized equipment and more
extensive chemical analysis can make the TCLP more costly than the EP.

Because the TCLP test is more complex and costly, the Bureau of
Wastewater Engineering, Virginia Department of Health, is concerned that the
TCLP test may not be warranted for analysis of trace organic chemicals for all land-
applied sludges; particularly, sludges from small (approximately 1 mgd) municipal
wastewater treatment plants with little or no industrial inputs.

In order for the Bureau of Wastewater Engineering to implement a standard
test method that will competently assess specific organic chemicals in wastewater
sludges, sufficient data comparing the EP and TCLP methodologies are needed.
Although federal regulations do not require the TCLP in lieu of the EP at this time,
a more extensive database on organic chemicals found in wastewater sludges is
needed so the State can adequately assess current and future regulatory needs and
related impacts of such regulations. Based on information obtained from the
comparison of these two methodologies, the State can determine which method is
better for analysis of the leachability of organic chemicals in municipal sludges.

l
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Factors in making this judgment include cost, accuracy, reproducibility and difficulty
of analysis.

The objectives of this research project were three-fold: first, to compare the
EP and TCLP tests for their ability to analyze numbers, types, and concentrations of
trace organic chemicals in municipal sludge from wastewater treatment facilities of
approximately 1 mgd capacity, focusing on a list of organic compounds that are
proposed to be regulated; second, to evaluate the EP and TCLP methods for their
ability to detect trace organic chemicals known to be in the sludge samples; and
third, to identify nontargeted trace organic chemicals in the sludge samples.

1.2 Experimental Design

To achieve the goals previously stated, triplicate wastewater sludge samples,
in addition to control samples from three wastewater treatment plants were
analyzed using both EP and TCLP test methods. Sludges from three municipal
wastewater treatment plants, which received no industrial inputs, utilized aerobic
digestion and did not add polymers to the sludge prior to land application, were
evaluated. Quantification and identification of targeted and nontargeted organic
compounds were based upon gas chromatographic (GC) retention times, gas
chromatographic/mass spectral (GC/MS) data, and peak areas/response factors.
Results were statistically analyzed using a Blocked Factorial Analysis of Variance
(ANOVA) Design to effectively compare the EP and TCLP methods. Emphasis
was placed on targeted compounds that are proposed to be regulated by
theVirginiaDepartment of Health and chemicals, which are currently restricted from
land disposal. These organic chemicals include aldrin, benzene,
benzo(a)anthracene, benzo(a)pyrene, bis(2-ethyl-hexyl)phthalate, carbon

I
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tetrachloride, chloroform, chlordane, dieldrin, DDT/DDE/
DDD,dimethylnitrosamine,heptachlor, hexachlorobenzene, hexachlorobutadiene,
lindane, methylene chloride, PCBs, pentachlorophenol, trichlorethylene, toxaphene,
vinyl chloride, toluene, chlorobenzene, methylethyl ketone, and xylene (Virginia
Water Resources Research Institute, 1987).

For quantitative analysis and to assess recovery efficiencies, internal
standards were added to the sludge sample prior to EP and TCLP extraction,
methylene chloride extraction of the EP and TCLP extracts, and GC analysis.
Sludge surrogates were added directly to the sludge sample and allowed to
equilibrate before EP and TCLP extraction. Primary acid and base/neutral internal
standards were added prior to liquid—liquid extraction and Kuderna—Danish
concentration (EPA Method 625). EPA Method 625 is an extraction method
designed to partition aqueous organic contaminants into an organic solvent,
methylene chloride, followed by concentration to approximately ug/mL
concentrations. A secondary standard was then added to the final organic solvent
extract before GC/MS analysis.

This three-tiered addition of internal standards made it possible to
statistically analyze and assess recovery efficiencies of the EP and TCLP test
methods. By evaluating the recovery of primary internal standards, surrogate
standard recoveries affected by the EP and EPA 625 or TCLP and EPA 625 were
assessed. The primary standards, which were methylene chloride extracted and
concentrated, theoretically underwent the same recovery as the sludge surrogates.
The secondary standard added to the final organic solvent extract did not undergo
any extraction procedure; therefore, this was the standard by which recovery of the
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primary and surrogate standards were evaluated. This three-tiered approach of
using internal standards has previously been successfully applied to the analysis of
trace organic chemicals in natural and treated water samples (Dietrich et al., 1983;
Durell et aL, 1987; Dietrich et aL, 1988b).

Wastewater sludge samples from each treatment plant were analyzed to
detemiine if any of the surrogate standards or intemal standards were initially
present in the sludge. Triplicate sludge samples and blank control samples for each
of the three sites were analyzed by each test method. The EP and TCLP tests were
performed in parallel on samples for each site. Following EP/TCLP and solvent
(EPA Method 625) extraction and concentration, the samples were analyzed by
capillary gas chromatography and Flame Ionization Detection (FID). The Electron
Capture Detector (ECD) was also used for several samples to provide additional
qualitative control.

In order to identify unknown trace organic compounds in the sludge samples,
GC/MS was utilized. The identification of unknown organic compounds was based
on (1) interpretation of mass spectral data and computerized library searches
performed on chosen spectra; and (2) comparison of mass spectral data and
retention time data to authentic standards.

To statistically analyze and assess the recovery efficiencies of the EP and
TCLP methods, an ANOVA was performed. Statistical comparisons were made to
determine sludge surrogate recovery by each tcst within each site and the sludge
surrogate recovery by each test between each site. Surrogate recoveries in the blank
control samples were also compared to the recovery in the corresponding triplicate
samples. Other comparisons involving the physical/chemical characteristics of the

1
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sludge surrogates were performed using regression analyses to determine if these
factors affected the surrogate recovery.

1
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CHAPTER 2
LITERATURE REVIEW

2.1 Sludge Management - Land Application

In response to population increases, compliance with the Clean Water Act
requirements, and more sophisticated wastewater treatment processes, there is a
continual need for effective and diversified sludge management. The quantity of
sludge from municipalities has doubled since 1972 due to treatment requirements
imposed by the Clean Water Act. In addition, sludge production is expected to
increase from 6.5 million dry tons per year currently to 13 million dry tons per year
by the year 2000 (EPA, 1984). It should be noted that although small wastewater
treatment plants (<2.5 mgd) represent 91 percent of the nation’s Publicly Owned
Treatment Works (POTWs), they produce less than 17 percent of the total sludge
generated; whereas, large POTWs (> 100 mgd) representing less than 0.3 percent of
POTWs produce more than 34 percent of the total sludge generated (EPA, 1987).

Effective sludge management options presently available are land
application, landfilling, incineration, distribution and marketing of sludge products
and ocean disposal. However, due to the Federal Ocean Dumping Ban Act of 1988,
ocean disposal of sewage sludge must cease by December 31, 1991. Land
application of wastewater sludges is the most favored disposal technique (according
to EPA’s "Beneficial Reuse Policy") if there is available land with suitable site
characteristics and if the sludge quality satisfies specified regulatory chemical
criteria. Currently, approximately 25 percent of the United States’ sludge is being

i 7
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land applied (EPA, 1984). When properly used, sludge can be a valuable resource
as a soil conditioner and partial fertilizer. Sludge acts as a soil conditioner by
improving soil texture to reduce runoff and erosion, increasing water retention, and
facilitating nutrient uptake through er1hanced root network systems. It also
improves agricultural growth because of the valuable nutrients it contains, such as
nitrogen and phosphorous.

Land application of wastewater sludge is more complicated than merely
shovelling dried sludge onto a garden. Many factors, such as the site characteristics
of available land, sludge quality, and application methods and rates, must be
considered and approved by a regulatory agency.

Site selection is probably the most important aspect of sludge land
application. In addition to the site being publicly acceptable, it must have adequate
soil conditions and an appropriate geological location. Factors of concern are soil
pH, soil permeability, soil content, depth to groundwater and bedrock, pry and
distance to surface waters. These site characteristics and how they affect site
selection are summarized in Table 1.

The type of sludge to be applied greatly influences the application method
and rate. For example, thickened or dewatered sludges have reduced
concentrations of nitrogen. This affects the fertilizing ability of the sludge, however,
reduced nitrogen levels allow for a greater volume of wastewater solids to be
applied without exceeding the loading capacity for nitrogen. Thickened or I

dewatered sludges may reduce handling and transportation costs due to the ‘
decreased water content. These sludges are usually spread onto the surface and
incorporated into the soil layers by plowing. Liquid sludges may be sprayed directly I

II
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TABLE 1
SITE CHARACTERISTICS INFLUENCING LAND APPLICATION*

Site Characteristic Concern

Soil pH High pH inhibits the solubility of metals,
thereby reducing uptake by plants

Soil permeability Potential ponding and increased runoff of
low permeable soils

Slope Affects rate and amount of runoff
De(pth to groundwater Greater potential for water contamination
an distance to if located closely to water sources
surface water
Underlying geology Rapid transport of pollutants to nearby

aquifers if underlain by fractured bedrock
or sinkholes 1

Soil cation-exchange Affects the retention of metals
capacity, clay-mineral
content, organic matter
content

*Source: EPA, September 1984

1
I
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onto the soil surface or injected into the soil. Because many small communities i

cannot afford expensive dewatering equipment and have relatively small volumes of
sludge to be land-applied, they usually pump the sludge into tank trucks and spray
apply it onto the land. Although there are state and federal regulatory
requirements, which specify detailed management practices with respect to
application method and rate, public acceptance and opposition may dictate the
success or failure of a land application program. Subsurface application of sludge is
effective in that odors and potential contact with animals and people are reduced.
Although surface application tends to be more cost—effective than subsurface
injection because specialized equipment is not necessary, there is the increased
potential for public opposition due to odors and the considered "unsightly" nature of
the sludge. A summary of these application methods is shown in Table 2.

Sludge application method and rate are extremely dependent on climate.
Frozen ground greatly increases the potential for contamination due to increased
runoff and erosion. In addition to climate, the amount of land available and
agronomic nutrient requirements of the crop to be grown determine the allowable
loadir1g rate. The higher the application rate, the less land needed to handle sludge
production. However, for agricultural purposes, sludge is applied at lower rates to a
large land area as compared to loading rates for land reclamation or dedicated land
disposal. The sludge application rate is calculated based on the crop agronomic
requirements (i.e., nutrient requirements) and the concentration of metals and
organic chemicals in the sludge. Maximum cumulative concentrations for several
heavy metals and organic chemicals are specified in state and federal regulations.
These regulations detail methods to determine the allowable application rate based
on sludge quality and previous application rates using site-specific information.

I
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TABLE 2
LAND APPLICATION METHODS FOR WASTEWATER SLUDGE*

Method Advantage Disadvantage

Surface application Toxic organic chemicals Potential contact with
and pathoge11s destroyed sludge and crops,
due to exposure to sunlight animals, and people;

thereby the potential for
food chain contam-
ination is increased

Allows for dispersion of Increased chance ofvolatile orgamcs and contamination due to
ammonia 1nto the air runoff and erosion
Liquid and dewatered Potential for public
sludges can be applied easily opposition

Subsurface application Liquid sludge can be easily Dewatered sludge must
injected or applied by ridge- be spread on surface
and-furrow irrigation then plowed or disked

into soil
Eliminate significant odors Ridge-and-furrow

irrigation requires
graded, flat land

Reduce potential for sludge
erosion and runoff
Potential contact with sludge
and crops, animals, and
people reduced

*Source: EPA, September1984.1

I
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Land application as a sludge management option offers a means of sludge
disposal in addition to providing a source of nutrients for plant growth and
conditioning for soils. For successful land application, care must be taken when
selecting an application site, applying the sludge to the land, and deterrnining the
sludge quality with respect to pathogenic organisms, toxic organic chemicals, and
heavy metals. With proper monitoring and management of these factors, land
application is a beneficial method of sludge disposal.

2.2 Health Risks and Fate of Chemicals Found in Municipal Sewage Sludge

With advanced wastewater treatment processes that generate a more
concentrated and, therefore, more difficult to handle sludge, the potential health
hazards resulting from sludge land application are increased. Toxic waste materials
that have been identified in municipal sludges are highly pathogenic
microorganisms, some toxic trace metals, several residual organochlorine pesticides
and related compounds (Dacre, 1980). Although digested sludges contain a lesser
amount of pathogens than raw sludges, there tends to be higher concentration of
heavy metals in the digested municipal sludges due the reduction of volatile solids
through the digestion process (EPA, 1979). Most sludges contain small amounts of
organochlorine pesticides as well as the highly toxic polychlorinated biphenyls
(PCBs). These highly chlorinated compounds degrade more slowly in activated
sludge than less chlorinated organic compounds (Dacre, 1980).

Many toxic pollutants have been found in wastewater, such as purgeable
aromatics and halocarbons, phenols, phthalate esters, nitrosamines, chlorinated
hydrocarbons, organochlorine pesticides, and polynuclear aromatic hydrocarbons
(PAHs). With the exception of organochlorine pesticides and polynuclear aromatic

l
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hydrocarbons, which are found to a greater extent in sewage sludge, many of the I
compounds are removed during wastewater treatment processes (Erickson, 1977). ITable 3 lists some of the chlorinated compounds that have been identified in l
municipal sewage sludges. I

In a study performed in Orange County, California, the reliability of advance
wastewater treatment processes (including chemical addition, air stripping, activated
carbon adsorption, and reverse osmosis) for removing trace organic chemicals was
evaluated (McCarty, et al, 1980). A wide range of chemicals in the treatment plant
influent and effluent, in addition to slight variations in the treatment processes, were
analyzed. Among the trace organic chemicals analyzed were trihalomethanes such
as chloroform, bromoform, dibromochloromethane; other volatile compounds

including methylene chloride, trichloroethylene, and tetrachloroethylene;
chlorinated benzenes; aromatic hydrocarbons; and solvent extraction analytes

(SEAs) such as dimethylphthalate, PCBs, and lindane. The aromatic hydrocarbons
were reduced by approximately two orders of magnitude. For the chlorobenzenes,
phthalates, and PCBs, the decrease in concentrations varied from 60 to 90 percent.
However, the trihalomethanes increased in concentration for unexplained reasons.
Other compounds whose concentrations did not change significantly included: the
chlorinated ethanes and ethylenes, diisobutylphthalate, and lindane.

Analytical standard deviations were determined which varied widely for
different constituents, and in general became much higher as the concentration
approached the detection limit. This suggests that when proposed standards are
near the detection limits of available analytical procedures, allowances should be
made for the increased variation in analytical results that will be obtained. The
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TABLE 3
CHLORINATED COMPOUNDS *IN MUNICIPAL SEWAGE SLUDGE

Compound

Aldrin
Chloroanilinc
Chlorobcnzcnc
Chlorobiphcnyl
Chlordane
DDT, DDD, DDE
Dicldrin
Dioxins
Eudrin
Hcptachlor
Kcponc
Pcntachlorophcnol

*S0urcc: Erickson and Pcllizzari, 1977.

I
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results of the study indicated that an advanced wastewater treatment plant similar to
the one in Orange County can reduce effluent concentrations of a wide range of
trace organic compounds of public health concern to the lower nanogram—per-liter
range. However, the extent to which these chemicals were concentrated in the
waste sludge was not evaluated.

Studies involving the analysis of these compounds have shown that the
concentrations found in municipal sludge are directly related to nearby industries
and the effectiveness of the wastewater treatment plant’s pretreatment program. A
pilot plant study conducted by the Municipal Environmental Research Laboratory
(MERL) in Cincinnati, Ohio, was performed to provide additional information
about the occurrence of priority pollutants in raw wastewaters entering municipal
wastewater treatment plants and to quantify the behavior and partioning of the
organic priority pollutants in conventional water pollution control systems, including
the collection system (Petrasek, et al., 1983). Sludge samples were analyzed using
EPA standard procedures for sample clean-up and GC/MS for the analysis of
organic priority pollutants in municipal wastewaters. The precision and accuracy of
these methods have been determined for water and wastewater samples; however, a
similar database is not presently available for wastewater sludge samples.

Quality control procedures were used so that the precision and accuracy of
the methods could be properly documented. Analytical accuracy was based on

recovery - the difference between the background duplicates and the spiked sludge
duplicates. Precision was evaluated by comparing the duplicated analyses. Low
recovery efficiencies were reported. The mean recoveries for the primary and the
return activated sludges were 54.3 1 18.3% and 52.8 1 12.7%, respectively.



16Precisionwas evaluated by computing the mean relative error for the sample
duplicates. For the influent samples, the mean relative error was 26%, with class
mean relative errors of 23% for the pesticides and PCBs, 58% for the phenols, 13%
for the phthalates, and 17% for the PAHs. The inherent variability in both the
precision and accuracy of the analytical methodologies made it difficult to quantify
changes in concentrations between influent and primary effluent samples.

Most of the organic priority pollutants were present in municipal wastewaters
at relatively low concentrations (less than 10 ug/L), although certain compounds
have been detected at specific POTWs in much higher concentrations. Accurate
assessment of the fate and removability of these materials is extremely difficult, if
not impossible, when concentrations are low. Analyses to correlate the
concentrations of the organic priority pollutants in the primary and waste activated
sludges to various parameters, such as the octanol/water partition coefficient (Kow)
and Henry’s Law constant (HL), were attempted.

The tendency of some of the compounds studied to
partition strongly to the primary sludge and for other
compounds to be essentially unaffected by primary
clarification indicated that the hydrophobic/hydrophylic
characteristics of the materials investigated could be
used to predict their behavior in the primary clarifier.

The octanol/water coefficient, Kow, was used as an estimating function for
the partioning of organic compounds between the liquid phase and particulate
materials. Analysis of the data indicated a reasonable correlation (r = 0.71)
between the concentration of each compound found in the primary sludge and Kow.
However, the same analysis for waste activated sludge did not yield a reasonable
correlation (r = 0.21). The effect of microbial activity on to degrade organic



17compoundswas difficult to quantify as it complicated data interpretation
significantly.

The role of desorption and air stripping has been evaluated as an
environmental pathway for organic chemical removal (McCarty, et al., 1980). It has
been shown that the effects of sorption and biodegradation reduce the potential for
removal by stripping. Although the effects of sorption and biodegradation on
stripping removals were not calculated in the MERL study, compounds with Henry’s
Law constants greater than 10'3 atm/mol—m3 were found to be amenable to
stripping, with estimated removals greater than 25%, which is consistent with
McCarty’s observations. During the study, substantial losses of 2,4-dimethylphenol
and phenol were observed. Considering the low HL values, biodegradation was the
most likely removal mechanism. Variable losses of the phthalate esters and PAHs
were reported. These materials also have low HLs and therefore, should not be
easily stripped. The reported variability in the phthalates seemed to be related to
the structural complexity of the compound, which affects its biodegradability.
Similarly, the variability of the PAHs, with the exception of anthracene, appeared to
be related to both the structural complexity and Kow.

In addition, mass balances were computed during the MERL study for each
compound based on the mean concentrations observed in the influent. Because
several of the compounds were biodegradable to some extent, the probability of
accounting for 100% of any given chemical was low; good closures on the mass
balances were not expected because of the analytical methodologies used. In
general, substantial concentration increases occurred in both the primary and return
activated sludges. Depending on the specific chemical, concentration increases
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ranged from 0.5 to 1.5 logs. The fate of these materials in the solids handling
process, is not completely known at this time and is extremely complex.
Consequently, additional research is warranted to evaluate the impact of process
control variables on both removal and biodegradation of these materials.
Moreover, improvements in sludge analytica] techniques, protocols and detection
limits are also necessary.

The fate of toxic compounds is dependent on many factors. Several of these
factors were considered in the MERL study and include volatilization, sorption, and
degradation. Unfortunately, many organic compounds are potentially hazardous
because they are not readily removed by these processes. Many organics have a
very low solubility in water and tend to be immobilized. Additionally, certain
organic compounds are very stable and therefore, they are not readily biodegraded
in conventional wastewater treatment processes or in the soil system. Because
certain organic chemicals such as insecticides, DDT, endrin, and heptachlor, tend to
remain in the environment with half-lives ranging from 3-12 years, there is an
increased chance for the compounds to bioaccumulate and translocate in the food
chain from the soil to man. Many plants bioaccumulate PCBs, especially the root
vegetables (Dacre, 1980). In general, organic compounds have a high affinity for
lipids so they will accumulate in fatty tissues of animals and humans. Moreover,
some have been found to be carcinogenic. For example, DDT has been shown to
have more of a cancer-promoting action than a cancer—initiating action (EPA, 1989).
The degree of toxicity has been studied extensively for several chlorinated
pesticides. Acute toxicity of these compounds in rats is given in Table 4.
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TABLE 4
ACUTE TOXICITY OF CHLORINATED INSECTICIDES IN RATS*

Oral LD50, mg/kg
Iusecticide Male Female

Aldrin 39 60
Dieldrin 46 46
Photodieldrin 9.6 ND
Emdrin 17.8 7.5
Chlordaue 335 430
Heptachlor 100 162
Heptachlor Epoxide 46.5 61.3

* Source: Dacre, 1980.
ND = No Data
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Although many toxicological evaluations of specific organic compounds
found in sludges have been done, the toxicity of their breakdown products must also
be evaluated. "For example, many insecticide degradation products of dieldrin are
highly active neurotoxins" (Dacre, 1980). Fate and transport of these compounds
and their products are difficult to assess due to the variability and lack of data
concerning environmental loss process kinetics and their respective rate constants.

Municipal wastewater sludges may contain numerous toxic organic chemicals
whose properties resist degradation and are retained in the environment for
extremely long periods (Dacre, 1980). Because many of the organic chemicals
found in the sludges are potentially toxic and carcinogenic, it is essential that they
are identified and quantified. With improved sampling and analyses protocols, the
EPA may observe increased levels of organic pollutants for which numerical limits
are proposed, as well as additional organic pollutants in sewage sludge; thereby,
increasing the estimates of potential health effects (EPA, 1989). Therefore,
evaluation of toxic organics in municipal sludges, especially those that are to be
land-applied, must be done to minimize the potential of health risks to man and to
animals.

2.3 Proposed Standards for the Disposal of Sewage Sludge

In response to the growing concern regarding potential health and
enviromnental risks associated with the management of sewage sludge, EPA has
proposed 40 CFR Parts 257 and 503, "Standards for the Disposal of Sewage Sludge."
The proposed regulations are based on current information on sewage sludge
pollutants and means of use or disposal (land application, distribution and
marketing, disposal in a sludge monofill, and incineration). Current information on
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sludge quality has been obtained from the EPA "40 City Study" (EPA, 1982). P
Additional information obtained from the ongoing National Sewage Sludge Survey
on pollutants in sewage sludge will be used for future proposed rule reassessments
or modifications. Computer modeling of specific pollutants or disposal methods and
their effects based on the Most Exposed Individual (MEI) and the respective critical
pathway has been used to establish the numerical limits. By setting limits on sludge
quality, the regulations would create incentives for treatment works to generate
clean sludge. Treatment works with sewage sludge quality that does not meet the
requirements must decrease the influent pollutant concentrations through
pretreatment processes, improve their treatment processes, or select another sludge

management method (EPA, 1989).

Specific exclusions of the proposed rule are the following: industrial sewage
sludges; hazardous sewage sludges; sewage sludge incinerator ash (unless co-
disposed with sewage sludge); co—disposal of sewage sludge with municipal solid
waste; deepwell wet air oxidation systems; septic tanks (although septage disposal is
subject to the proposal); and marine sanitation devices (although pumpings from
such devices, delivered to on·shore facilities, are subject to the proposal). The
proposed regulations are applicable to "any solid, semi-solid, or liquid residue
removed during the treatment of municipal wastewater or domestic sewage. Sewage
sludge includes, but is not limited to, solids removed during primary, secondary, or p
advanced wastewater treatment, scum, septage, portable toilet pumpings, Type III I
marine sanitation device pumpings, and sewage sludge products" (EPA, 1989). ‘

Potential health risks associated with sewage sludge disposal were evaluated 3
based on (1) the pollutant involved, (2) weight of evidence that it is carcinogenic to 1

1

1
1
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humans, (3) analysis uncertainties, (4) certainty and severity of risks, (5) reversibility
of effects, (6) number exposed, (7) advantages of the activity, (8) risks and
advantages of the alternatives, and (9) requirements to be regulated (EPA, 1989).

For sewage sludge under the proposed rule, the preferred analytical methods
for determining the concentration of organic and inorganic compounds are given in
the "POTW Sludge Sampling and Analysis Guidance Document." The analysis of
organics is divided into two categories: volatile organics and extractable organics.
While the classification of these groups is founded upon inherent physical/chemical
properties, extraction and isolation techniques are the functional basis for the
distinction (EPA,1988). For the analysis of volatile organics, EPA recommends
Method 624, which extracts via purge and trap. This method relies upon a stripping
process in which an inert gas is bubbled through the sample to remove the organics.
The organics, once transferred to the gaseous phase, are trapped on a solid
adsorbent column. In turn, the column is heated and the trapped organics are
desorbed and swept into the analytical instrument (EPA, 1988). For the analysis of
semi-volatile Method 625 is recommended. This procedure is discussed in more
detail in Chapter 3 of this document. Under proposal are Methods 1634 (volatiles)
and 1635 (semi-volatiles), which entail isotope dilution techniques coupled with
GC/MS analysis. Sample preparation for sludge samples under these methods are
dependent on present solids content of the sludge. Based on the percent solids, the
sample is either diluted and purged or diluted and extracted using ultrasonic
techniques. Each extract is then subjected to gel—permeation chromatography
(GPC) clean-up. "While Methods 1634/1635 provide lower detection limitsthanMethods

624/625, these methods are also more costly. The extra cost reflects the :
1634/1635 isotope spikes and approximately two weeks of work necessary to
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donothave the same precision and accuracy as do Methods 1634/1635. Methods
624/625 do not detect pesticides at low concentrations. "For some highly mixed
pesticides such as chlordane, these methods can only detect 200-300 ppb" (EPA,
1988). In addition, they cannot distinguish between similar compounds in a sludge
matrix.

Several inconsistencies with respect to the analysis of wastewater sludges and
the methodology used to determine the requirements specified in the proposed
regulations were revealed as a result of a peer review conducted by the Cooperative
State Research Service Technical Committee (W—170 Group) (W-170, 1989). The
risk assessment methodology for the land application of sludge assumes that the
background level of organics in soils is zero. For many organics, particularly the
chlorinated pesticides (i.e., dieldrin, chlordane, and DDT), background levels in
agricultural and even urban soils may approach those found in sewage sludges.
Moreover, the concentrations of several organic chemicals, when translated from
allowable sludge application rates, are ridiculously high compared to levels normally
found in sludges (Jacobs, et al., 1987). For example, according to the proposed
regulations the concentration of chlordane allowed at a typical application rate of 5
metric tons per hectare is 6,400 mg/kg. The median concentration of chlordane in
sludge, reported by Jacobs, et al., is 2.75 mg/kg. Conversely, the regulations specify
chemical concentrations for some organic chemicals and loading rates that are lower
than the limits of detection for existing or new analytical methods.

t
Perhaps one of the most important factors of the proposed regulations

affecting POTWs is the use of analytical detection limit when the chemical
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detection for sludge constituents can vary widely, and the EPA has no established
mechanism for certifying sludge analytical methods. This use of the detection limit
as the concentration becomes an even greater problem when applied to multiple
pollutant categories (e.g., Total PCBs). The W—170 Group suggested that the sum of
individual limits of detection for multiple pollutant categories be replaced with the
highest level of detection for any individual parameter in the multiple parameter
set. Consequently, certifiable analytical methods with appropriate limits of
detection need to be established by EPA for all regulated pollutants in sludge.

Municipal sewage sludges are not currently regulated under RCRA Subtitle
C unless they are found to be hazardous. EPA has concluded that all hazardous
wastes, including sewage sludge, if appropriate, should be regulated under a
program specifically designed for hazardous materials. "The Agency believes that
this provides the public with greater assurance of the consistent regulation and
management of hazardous materials" (EPA, 1989). In determining whether the
sewage sludge is hazardous or non-hazardous, the procedures promulgated under 40
CFR Part 261 are to be used. Promulgated amendments to Part 261 include
additional toxicants to be considered in defining a waste as hazardous and a new
leaching procedure, the Toxicity Characteristic Leaching Procedure (TCLP) (EPA,
1989). Several municipal wastewater agencies believe that the proposed TCLP may
result in the classification of certain sewage sludges as hazardous due to the
increased chemicals to be regulated coupled with procedural modifications to
optimize the recovery of volatile organic chemicals. In 1986 and 1987, EPA tested
18 municipal sewage sludge samples using the new procedure and found that none
exhibited hazardous characteristics according to the TCLP protocol. "Although the
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results are preliminary and represent only a small portion of the 15,000 POTWs, the
Agency believes that municipal sewage sludge will generally pass the toxicity
characteristic regulatory thresholds and be subject to the requirements in 40 CFR
Part 503 rather than the requirements in 40 CFR Parts 261- 268" (EPA, 1989).

There is some concern that the proposed TCLP analysis will significantly
impact POTWs that are one mgd or less in size. Comparison testing of both EP and
TCLP methods by the EPA did not test sludge samples from small treatment plants,
which represent approximately 90 percent of the total number of POTWs. Because
smaller POTWs lack pretreatment and/or a sufficient volume of sludge to dilute out
occasional discharges of toxicity characteristic contaminants, they may be the most
likely candidates to fail the TCLP. Depending on the testing frequency, the cost
impact upon these POTWs for sludge analyses could be substantial. "Not only is the
cost high for each test, but also increased replication maybe necessary. The cost
impacts could be greater for smaller treatment facilities because the TCLP extract
contaminant levels may be closer to the regulatory levels due to lack of
pretreatment and in—plant dilution of possible sporadic contaminant discharges"
(Walker, 1987). This is not to suggest that sludge from small treatment plants be
excluded from TCLP analysis merely due to economics. However, one should be
cautioned about the broad use of a leaching test (i.e, the TCLP, which assumes the
disposal of a wide variety of wastes in an unlined sanitary landfill), to accurately
simulate the transport of organic chernicals from domestic sludges that are land-
applied. The TCLP thresholds do not define safe concentrations for contaminants
in sludge if used for the growing of food or feed crops. In addition, the use of
toxicity characteristic concentrations in the Exposure Assessment Models (EXAMs)
would result in concentrations exceeding human health criteria for the disposal



26 1

practice (EPA, 1989). As a result, the projected risks would increase.
Consequently, the use of the TCLP should not be used for the frequent analysis of
sludges that are land-applied, but should only be used to initially determine if the
sludge is hazardous (as defined by 40 CFR Part 261).

At this time, the EPA is soliciting public comments and additional
information concerning the proposed regulations. There are concerns that EPA did
not allow sufficient peer review and that, as a result, the regulations are faulty due
to insufficient background information and feedback (AMSA, 1989). Therefore,
proposed pollutant limits and management practices included in the regulations,
and even the basic approach to regulate sewage sludge taken in the proposal, may
change significantly based on the information received.

2.4 Extraction Procedure (EP) Toxicity Test

In response to the demand for the regulation of hazardous wastes, the
Resource Conservation and Recovery Act (RCRA) was created in 1976. This
regulation, also referred to as the "cradle-to-grave" act, gave the U.S. Environmental
Protection Agency (EPA) authority to establish a national framework for
monitoring the generation, transportation, handling, and disposal of hazardous
wastes.

Under Section 3001 of RCRA, the EPA was charged with identifying those
wastes that pose a hazard to human health and the enviromnent if improperly ,
managed. In order to carry out this mandate, EPA identified a number of 1

hazardous waste characteristics that, if exhibited by a waste, would indicate that the I
waste required regulated management and should be managed under Subtitle C of 1

1
1
1

1
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RCRA. One of the hazardous waste characteristics is the degree to which toxics
might leach out of a waste and potentially conta1r1inate groundwater if the waste was
land impounded. The test procedure promulgated by EPA for use in determining if
an unacceptably high level of groundwater contamination might result is called the
Extraction Procedure (EP) Toxicity Test.

The focus of this tcst method was 14 contaminants consisting of heavy metals,
pesticides and herbicides for which National Interim Primary Drinking Water
Standards (NIPDWS) have been established. These contaminants and their extract
levels for drinking water analyzed by EPA standard procedures are listed in Table 5.
The regulatory levels that were established for the EP were 10 times the NIPDWS
levels that are presented in Table 5. This 10-fold factor is a dilution and attenuation
(DAF) that estimates the dilution and attenuation of the toxic constituents in a
waste as they travel through the subsurface from the point of leachate generation.

To evaluate these contaminants, the EP Toxicity Test utilizes a 24-hour
batch-type laboratory extraction procedure that uses acetic acid to acidify the liquid-
solid suspension (20:1 ratio) to a pH of 5.0 ir 0.2. The 24-hour acid extraction was
designed to simulate the leaching action of acetic acid, the dominant carboxylic acid
in municipal waste leachate (Frances, et al., 1986). The EP was intended to be a
first-order approximation of the leaching action of the low—molecular-weight
carboxylic acids generated in an active landfill; however, there is concern that the

EP may not be aggressive enough to model the leaching of organic compounds
adequately (Kimmell, 1986).

Although the EP Toxicity Test is currently being used to evaluate hazardous
wastes under RCRA, it has several limitations. A number of EP protocol
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TABLE 5
CONTAMINANTS AND EXTRACT LEVELS*

Coutaminant Extract Level (mg/L)

Metals
° Arsenic 0.50
° Barium 10.0
° Cadmium 0.10
° Chromium 0.50
° Lead 0.50
° Mercury 0.02
° Selenium 0.10
° Silver 0.50

Pesticides
° Endriu 0.002
° Lindaue 0.040
° Methoxychlor 1.0
° Toxapheue 0.050

Herbicides
° 2,4-D 1.0
° 2,4,5-TP Silvex 0.10

*S0urce: Federal Register, Vol. 43, No. 243, Dec. 18, 1978.
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limitations are the following: (1) the EP’s ability to simulate a real—world disposal i

enviromnent has not been tested, (2) solid waste leachates containing toxic
chemicals other than those listed in Table 5 are not included in the current criteria,
(3) the need for continual pH adjustment is time consuming and can cause problems
for certain wastes, such as a highly limed sludges, (4) the initial liquid/solid
separation technique, currently involving 0.45 um pressure filtration, warrants
simplification, and finally (5) the EP’s lack of optirnization for volatile organic
compounds does not allow for adequate modelling of landfill waste leachability
(Kimmell, 1986 and Frances, et al., 1986).

2.5 Comparison of the Toxicity Characteristic Leaching Procedure and
Extraction Procedure Toxicity Test

As a result of the shortcomings of the Extraction Procedure (EP) Toxicity
Test discussed in the previous section, a new leaching test, known as the Toxicity
Characteristic Leaching Procedure (TCLP), has been developed. This test
addresses EP’s technical difficulties by incorporating the leaching of organics,
including volatiles, and by making it more precise than the EP. "On January 14,
1986, the EPA proposed this test for use in the Land Disposal Restrictions Rule (51
FR1602), and the test will be proposed in an expanded Toxicity Characteristic under
the RCRA Both of these actions were mandated by the Hazardous and Solid
Waste Amendments of 1984" (Kimmell, 1987). The proposal also expanded thelistof

constituents to be assessed in the leachate. Table 6 shows the expanded list and 1
regulatory levels for the contaminants. I

The TCLP procedure is divided into two categories: volatile compounds and 1
non- and semi-volatile compounds. The TCLP procedure for the extraction of non- 1
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TABLE 6
TOXICITY CHARACTERISTIC CONTAMINANTS AND

REGULATORY LEVELS

Contaminant Regulatory Level (mg/L)
Acrylonitrile 5.0
Arsenic 5.0
Barium 100.0
Benzene 0.07
Bis (2-chloroethyl) Ether 0.05
Cadmium 1.0
Carbon Disulfide 14.4
Carbon Tetrachloride 0.07
Chlordane 0.03
Chlorobenzene 1.4
Chloroform 0.07
Chromium 5.0
0-Cresol 10.0
m-Cresol 10.0
p-Cresol 10.0
2,4-D 1.4
1,2-Dichlorobenzene 4.3
1,4-Dichlorobenzene 10.8
1,2-Dichloroethane 0.40
1,1—Dichloroethylene 0.1
2,4-Dinitrotoluene 0.13
Endrin 0.0003
Heptachlor (and its hydroxide) 0.001
Hexachlorobenzene 0.13
Hexachlorobutadiene 0.7
Hexachloroethane 4.3
*Source: Federal Register, June 13, 1986.
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TABLE 6 (CONTINUED)

TOXICITY CHARACTERISTIC CONTAMINANTS AND
REGULATORY LEVELS

Contaminant Regulatory Level (mg/L)
Isobutanol 36.0
Lead 5.0
Lindane 0.06
Mercury 0.2
Methoxychlor 1.4
Methylene Chloride 8.6
Methyl Ethyl Ketone 7.2
Nitrobenzene 0.13
Pentachlorophenol 3.6
Phenol 14.4
Pyridine 5.0
Selenium 1.0
Silver 5.0
1,1,1,2-Tetrachloroethane 10.0
1,1,2,2·Tetrachloroethane 1.3
Tetrachloroethylene 0.1
2,3,4,6-Tetrachlorophenol 1.5
Toluene 14.4
Toxaphene 0.07
1,1,1·Trichloroethane 30.0
1,1,2-Trichlorethane 1.2
Trichloroethylene 0.07
2,4,5-Trichlorophenol 5.8
2,4,6-Trichlorophenol 0.30
2,4,5-TP (Silvex) 0.14
Vinyl Chloride 0.05
*Source: Federal Register, June 13, 1986.
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and semi-volatile is much like the EP in that the waste is extracted in a glass bottle
that is large enough to accomrnodate the waste and the 20X volume by weight of the
appropriate extraction fluid. The major difference between the EP and the TCLP
for non- and semi—volatiles is the use of a buffered extraction fluid to eliminate the
frequent pH adjustment necessary for the EP.

Comparison of the EP and TCLP procedures shows three basic similarities:
solid/liquid separation, agitation, and filtration. However, there are some distinct
differences in how these steps are performed. For separation of the waste into its
solid and liquid phases, the EP involves 0.45 micron pressure filtration. The TCLP,
however, specifies two filter holders dependent on the nature of the contaminants to
be evaluated. For nonvolatile or semi-volatile components, the same filter holder
specified in the EP is used. For volatile components, a Zero Headspace Extractor
(ZHE) vessel is used. The ZHE was designed in response to the need for a vessel
that was compatible with other laboratory equipment, easily handled by analysts and
that could accommodate as large a sample size as possible. The ZHE is a 90 mm
stainless steel filter holder with a volume approximately 500-600 ml,. Therefore, the
ZHE can only accommodate a maximum sample size of 25 g for a 100% solids
sample including the amount of extraction fluid, which is 20 times the weight of the
sample. For a waste containing less than 100% solids, the sample size charged to
the ZHE is a function of the waste’s percent solids. It contains a filter and a piston
within the barrel so that when pressurized, the sample is separated into the solid
and liquid phases, Pressuring the barrel also minimizes the loss of volatiles by
eliminating any available headspace.
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The representative size of the waste sample varies between the two tests also.
The EP specifies a minimum size of 100 g. However, there are two samples sizes
specified for the TCLP. When non—volatiles are being evaluated, the sample size
should be a minimum of 100 g; for volatiles, a 25 g sample is sufficient. This is
because the ZHE, to be used for the evaluation of volatiles, can only accommodate
a limited amount of solids and extraction fluid.

Pressure filtration is utilized in both tests for solid/liquid separation.
According to the EP, an initial pressure of 10-15 psi is applied to the waste sample
until liquid begins to flow. The pressure is then increased in increments of 10 psi
until liquid ceases to flow or a maximum pressure of 75 psi is reached. In the TCLP,
pressure filtration, using the ZHE, is more detailed. Positive pressure is applied
and residual trapped air is released into a {ume hood. An acceptable ZHE must
remove this headspace with less than 15 psi of pressure (McCarthy, 1988). After
removal of headspace, the pressure is increased in increments of 10 psi to a
maximum of 50 psi. It should be noted that when using the 142 mm filter holder,
the pressure increase begins at zero; however, when using the ZHE, the pressure is

{
increased from the level at which the headspace was eliminated (McCarthy, 1988).
The 10 psi pressure increments are held for 10 minutes, and the liquid phase is
collected in a connected TEDLAR bag or gas-tight syringe.

The filter media used to separate the solid and liquid phases varies between
the two tests. A 0.45 um membrane filter is used for the EP; whereas, a Whatman

0.6-0.8 um glass fiber filter is used for the TCLP. A glass fiber filter may be used in
conjunction with the 0.45 um membrane filter to enhance filtration under the EP.
No prefilters are permitted under the TCLP.
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Solid/liquid separation is a particularly important step in both procedures.
This separation has proven difficult for some materials, such as oily wastes, which
have a tendency to clog the 0.45 um filter specified in the EP. This problem is
serious, since materials that do not pass through the filter are operationally defined
as solids, even if they physically appear to be liquids (Kimmell, 1987). It is necessary
for those materials that can behave as liquids in the environment to be evaluated as
liquids in the laboratoiy. Oily wastes are of particular concern because they are
produced in large quantities, contain toxic and inorganic constituents, and
frequently migrate to groundwaters. Studies concerning the evaluation and
modification of the TCLP for problem matrices, including oily wastes, have been
performed: S-CUBED, California; EPA, Las Vegas, Nevada; EPA’s Office of Solid
Waste, Washington, D.C.; Oak Ridge National Laboratory (ORNL), Tennessee;
and Research Triangle Institute, North Carolina. After investigating several
options, the EPA decided to continue use of pressure filtration but to change the
filter media. Use of glass fiber filters decreased filtration time, improved the
precision of the method, and is believed to provide adequate differentiation
between those materials that behave as liquids in the environment and those that
behave as solids (Kimmell, 1987).

Following solid/liquid separation, extraction of the solid portion is
performed. Extraction procedure differs for each test method. For the EP, the solid
fraction is combined with a 16X volume by dry weight of ASTM Type II (deionized
and filtered by means similar to Milli·O Water System) and the pH is adjusted using
0.5 N acetic acid to 5.0 1 0.2. When performing the TCLP, two extraction fluids
may be used. For the evaluation of volatiles and wastes with pH less than or equal
to 5.0, the extraction fluid used is a buffer of acetic acid and sodium hydroxide
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diluted in ASTM Type II water. For the analysis of metals, non-and semi-volatile
organic chemicals and wastes with pH greater than 5.0, the extraction fluid used is a
dilute solution of acetic acid in ASTM Type II water with a final pH of 2.88 i 0.5.

The means of agitating the extraction solution is drastically different between
the EP and TCLP. The EP protocol gives only a description of acceptable agitation.
Two types of agitation equipment, namely the blade stirrer and rotary agitation,
were determined to meet this description. "The EPA has learned that its lack of
speciticity in agitation conditions is a major source of variability, and has centered
on the use of rotary agitation, and further specified an agitation rate of 30 1* 2 rpm"
(Kimmell, 1987). Rotary (end-over-end) agitation is recognized as a reproducible
means of agitation and has been incorporated into the TCLP and several similar
leaching test methods. In addition to differences in agitation means, agitation time
differs in both tests. Agitation is conducted over 24 hours in the EP compared to
TCLP’s agitation period of 18 hours.

Currently, the TCLP only applies to a narrow list of spent organic solvents
that are prohibited from land impoundment (EPA, 1986b). It is anticipated that in
early 1989, the Toxicity Characteristic (40 CFR Part 250) will be redefined.
Because the EP will be phased out and replaced by TCLP as the means to classify a
waste as toxic, every toxic waste, regardless of the contaminant or the means of
disposal, will eventually be tested by the TCLP. Table 7 presents a summary
comparison of the EP versus TCLP.
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TABLE 7
COMPARISON OF THE EP AND TCLP*

Item EP TCLP

Leaching Media 0.5 M acetic acid added to 0.1 M pH 2.9 acetic acid
distilled deionized water to solution for moderate to
a pH of 5; continual pH high alkaline wastes and
adjustment 0.1 M pH 4.9 acetate buffer

for other wastes

Liquid/Solid 0.45 um pressure filtration to 0.6-0.8 um glass fiber filter
Separation 75 psi in 10 psi increments filtration to 50 psi

Extraction Unspecified ZHE for volatiles
Vessels Blade stirrer acceptable Bottles for nonvolatiles

Agitation Prose definition of acceptable Rotary end-over-end at
means 30 1 2 rpm

Extraction Time 24 hours 18 hours

*Source: Kimmell, 1987.
Note also that while EP addresses those species for which National Interim Primary Drinking Water
Standards (NIPDWS) exist, the TCLP can be applied to other toxicants.



CHAPTER 3
MATERIALS AND METHODS

3.1 Site Selection and Description

For this research, only sites that treated municipal nonindustrial wastes with
flows of approximately 1 mgd and land-applied their sludges were selected. Three
municipal wastewater treatment plants in Virginia were selected as research sites:
(1) Christiansburg Municipal Treatment Plant, (2) Fishersville Waste Treatment
Plant, and (3) Honaker Municipal Waste Treatment Plant. Sludges from all three
treatment plants were processed aerobically with no added chemical polymers or
chlorine. The sludge samples from Christiansburg and Fishersville were liquid
sludges taken from the aerobic digesters, whereas the sludge sample from Honaker
was dewatered sludge taken from sludge drying beds. Land application of dried and
liquid sludge is common in Virginia (Sawyer, 1988); therefore, performing both test
procedures on dried and liquid sludge samples allowed for a more thorough
comparison of the EP and TCLP methods.

Wastewater sludge samples from Christiansburg and Fishersville were taken
directly from the aerobic digester. Aerobic digestion was the last treatment process
prior to pumping to a ta11k truck and spray-applying it on land for
agricultural/disposal purposes. Samples from Honaker were taken from the sludge
drying beds. Aerobically digested sludge was transferred to the drying beds and
allowed to dry until ready for land application. The treatment plant schematics and

37
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sample conditions for the Christiansburg, Fishersville, and Honaker WWTPs are
shown in Appendix A - Figures A1 through A.3 and Tables A.1 and A.2,
respectively.

3.2 Reagents and Equipment

Reagents and solvents used were of the highest obtainable quality.
Methylene chloride (CH2Cl2) and methanol (CHBOH) solvents were Burdick and
Jackson brand from Bodman Chemicals (Muskegon, MI). Reagent grade salts,
inorganics, boiling chips, and filter papers were from Fisher Scientific (Pittsburgh,
PA). All reagent dilutions were made with water processed through Millipore
Super—Q purification system, Millipore Corporation (Milford, MA).

Sludge surrogates and internal standards used were purchased from Chem
Service (West Chester, PA) and diluted with Burdick and Jackson solvents.

Agitation and pH adjustments were done using an end-over—end rotator from
Analytical Testing and Consulting Services, Inc. (Warrington, PA) and a Fisher
brand pH meter, respectively. The glass bottles with teflon liners , which were used
for the EP method, were also obtained from Analytical Testing and Consulting, Inc.

3.3 General Laboratory Procedures

To minimize contamination due to laboratory procedures, all glassware and
teflonware were meticulously cleaned by imrnersion in chromic acid bath for a
minimum of four hours, rinsed three times with distilled and Milli-Q water, and

oven—dried at 120°C. The cleaned laboratory ware was covered with aluminum foil
and stored to prevent any dust or particulate contamination. Plastic bottles and
tygon tubing were not used due to potential contamination from plasticizers. In

I
I
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addition, equipment connections were covered with teflon tape and jar lids were
lined with teflon inserts. Before use, magnesium sulfate (MgSO4), boiling chips, and
filter papers were solvent extracted in a soxhlet apparatus with methylene chloride.

Wastewater sludge samples were collected in acid-washed one-liter glass
bottles. Sample bottles were first rinsed with the liquid sludge and then filled so
there was no available headspace. Dried sludge samples were collected in acid-
washed glass jars. The samples were transponed and stored on ice. Upon arrival at
the laboratory, sludge surrogates dissolved in methanol were added for a final
concentration of 2.5 mg/L or 2.5 mg/kg depending on the percent solids of the
sludge sample and allowed to equilibrate approximately 18 hours at 4°C. Sludge
samples were periodically agitated to ensure uniform distribution of the surrogate
standards throughout the sample. All samples were stored at 4°C until ready for
further analysis.

Prior to the any extraction procedures or internal standard/sludge surrogate
addition, the initial sludge samples were analyzed for the presence or absence of the
standards chosen as sludge surrogates.

3.4 Extraction Procedure (EP) Toxicity Test

The EP test (Federal Register, June 13, 1986) was designed to simulate the
effects and leachability of contarninants that were land impounded. This test
method is currently required by the EPA (RCRA - Subtitle C, 1986) for the analysis
of heavy metals and trace organic chemicals. The EP test allows for variations in
laboratory procedure concerning glassware, agitation, and filtration. Depending on
the characteristics of the sample, the analyst must determine the best laboratory
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technique. The EP test procedure followed for this research is detailed below and a
schematic is presented in Appendix B.

1. A 10 mL volume of wastewater sludge was pressure filtered at 40 psi through
a tared Whatman #4 filter pad. The filter pad and sample were dried at
80°C until a constant weight was reached. Percent dry nonfilterable solids
were then determined by the following equation:

Percent Solids = {(weight of dried pad + solid) - (tared weight of pad)} x 100 / (initial
weight of sample) (3.1)

2. If the percent dry nonfilterable solids totaled less than 0.5%, then a
minimum 100 gram sludge sample was filtered as in step 1, the solids
discarded, and the filtrate treated as the EP extract. Steps 3-9 were omitted
and proceeded directly to step 10.

3. If the percent dry nonfilterable solids totaled greater than 0.5%, the residue
obtained from pressure filtration at 40 psi of a representative waste sample
(minimum 100 grams) was weighed and the liquid was stored in a glass
ground stoppered Erlemneyer flask at 4°C. To aid in the solid/liquid
separation step, the minimum 100 g sample was centrifuged at approximately
2000 rpm for 10 to 15 minutes. The supernatant was then filtered as in Step
1 and stored in a glass-stoppered flask at 4°C. Any remaining solids were
weighed and combined with the centrifuged pellet.

4. The solid residue was transferred to a chromic acid-washed glass container
and 16 times the solid weight of Milli-Q water was added.

5. The solid material and water were agitated at 30 1 2 rpm using an end-over-
end shaker, and the pH of the solution was measured. If the pH was greater
than 5.0, the pH was adjusted to 5.0 1 0.2 by adding 0.5N acetic acid with a
pipette. If the pH was equal or less than 5.0, no acetic acid was added. The
amount of acid added did not exceed 4 mL of acid per gram of solid.

I

I
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I
6. The pH of the solution was checked and adjusted, if necessary, with 0.5 acetic

acid at 15, 30, and 60 minute intervals, moving to the next longer interval if
the pH did not change more than 0.5 pH units. The adjustment procedure
continued for six hours.

7. The mixture was pH adjusted and agitated for a total of 24 hours. If, at the
end of the 24-hour extraction period, the final pH was not 5.0 i 0.2, the pH
was adjusted at one hour intervals for another four hours.

8. After extraction, the solution was pressure tiltered at 40 psi through a
Whatman #4 filter. The solid was discarded, and a volume of Milli-Q water
was added to the liquid phase. This volume was determined by the following
equation:

V = (Wt. of extracted solids) — 16 (Wt. of extracted solids) - (Total mL acid added) (3.2)

9. The liquids from step 3 and step 8 were combined and termed the EP extract.

10. The EP extract was prepared for further analysis by EPA Method 625 (or
EPA Methods 3510 and 8270) and stored at 4°C prior to analysis.

3.5 Toxicity Characteristic Leaching Procedure (TCLP)

The TCLP method was designed to evaluate the mobility of both organic and
inorganic contaminants present in liquid, solid, and multiphasic wastes (Federal
Register, November 7, 1986). Although the TCLP specifies two procedures ( for
volatiles and non- and semi-volatiles), only the TCLP for the analysis of volatile
compounds was used in this research. The TCLP procedure for volatiles using the
ZHE should not discriminate against non- and semi- volatiles. The major difference

I
(in using the TCLP for volatiles in lieu of the TCLP for non- and semi- volatiles), 1

1
however, is that the sample size is limited to a maximum 25 g sample for volatiles, 1

1(if the solids content is assumed to be 100%). 1
II
1
1
I
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Acceptable extraction materials and the procedure for the TCLP are
outlined below. A schematic of the TCLP procedure is presented in Appendix B.

3.5.1 Agparatus and Materials

1. Agitation Apparatus: Analytical Testing and Consulting Services, Inc., four-
vessel extraction device, end-over-end rotation at 30 i 2 rpm (Figure 1).

2. Extraction Vessel: Analytical Testing and Consulting Services, Inc.
(Warrington, PA), C102 mechanical pressure device for analysis of volatiles
(Figure 2). Although, glass containers may be used for analysis of
nonvolatiles, the ZHE was used for all TCLP extractions performed during
this research.

3. Filtration: Pressure filtration at 50 psi for a 10 minute interval through a pre-
extracted Whatman 0.6-0.8 um borosilicate glass fiber filter.

4. ZHE Extract Collector: Collection of initial and extracted liquid phases in
an airtight, acid—washed TEDLAR bag purchased from Scott Specialty Gas
(Plumstead, PA).

5. Reagent Water: Millipore Super-Q system purified water.

6. Extraction Fluids:

Fluid #1: For volatile extractions, 5.7 mL glacial acetic acid (HOAc) added
to 500 mL of reagent water, 64.3 mL of 1.0N NaOH added then diluted to a
final volume of 1 liter. Final pH of 4.93 i 0.05.

Fluid #2: For nonvolatile extractions, 5.7 mL glacial acetic acid (HOAc)
diluted with 500 mL of ASTM Type II distilled water. Final pH of 2.88 i
0.05.
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l
3.5.2 TCLP Extraction Method for Volatiles {
1. A 10 mL volume of wastewater sludge was pressure filtered through a tared

Whatman #4 filter pad. The filter pad and sample were dried at 80°C until a
constant weight was reached. Percent dry solids were then determined by the
following equation:

Percent Dry Solids= {(Wt. of dried pad+S01id) - (Tared wt. of pad)} x 100 / (Initial wt. of
sample) (3.3)

2. If the percent dry solids totaled less than 0.5%, the waste after filtration was
defined as the TCLP extract. Steps 3-8 were omitted and proceeded directly
to step 9.

3. If the percent dry solids totaled greater or equal to 0.5%, the TCLP for the
extraction of volatiles, using or1ly extraction fluid #1, was performed (steps 4-
9).

4. Preliminary percent solids, as defined by the TCLP, was determined using a
minimum 100 gram representative waste sample in the ZHE. Pressure was
applied using a torque wrench for 10 minutes at two-rninute, 10-psi
increments to a maximum of 50 psi. The liquid phase was collected in a
graduated cylinder, and percent TCLP solids were calculated as follows:

Percent TCLP solids = {(Initial volume added - Volume liquid phase)} x 100 / (Initial volume
added) (3.4)

5. Using the percent solids information obtained in step 4, the appropriate
amount of waste charged to the ZHE was determined as follows:

Weight of waste to ZHE = {(25 / (% TCLP solids)} x 100 (3.5)

The appropriate weight of sample was quantitatively transferred to the
ZHE, and all ZHE supports and fittings were quickly secured and tightened.
Pressure was gently applied to slowly force out any headspace until the first
appearance of liquid at the ir1let/outlet valve.
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1

6. The liquid phase was separated from the solid phase into a TEDLAR bag by
‘

pressure filtration at 50 psi for 10 minutes. The liquid obtained from 1
filtration was stored at 4°C.

7. The weight of extraction fluid #1 added to the ZHE was calculated by the
following equation:

Weight of fluid #1 = {(20 x %TCLP solids x weight of waste to ZHE)} / 100 (3.6)

8. With the extraction vessel in a vertical position on the rotator, the
appropriate amount of extraction fluid #1 was transferred to the ZHE by
attaching pre-rinsed, air-free teflon tubing to the inlet valve and allowing the
extraction fluid to flow from a two-liter separatory funnel. Special care was
taken to make sure no air pockets were introduced into the line and that all
valves were closed after the extraction fluid was added.

9. The ZHE vessel was rotated for 18 1 2 hours at 30 1- 2 1-pm. After the
rotation period, the pressure was checked by quickly opening and closing the
inlet/outlet valve and listening for the escape of gas. If no gas release were
observed, the device had been leaking and the extraction was redone on a
new waste sample. If pressure had been maintained, the material in the
ZHE was pressure filtered for 10 minutes at 50 psi, and the liquid phase was
filtered directly into an attached TEDLAR bag (same bag as used in step 6).
This filtered liquid extract, combined with the liquid phase from step 6, was
termed the TCLP extract,

10. The TEDLAR bag containing the TCLP extract was immediately stored at
4°C until analyzed for organics using EPA Method 625 or EPA Methods 3510
and 8270. I

1
3.6 EPA Method 625 Liquid-Liquid Extraction Procedure I

EPA Method 625 details the procedure for liquid-liquid extraction for the I
1

analysis of organic compounds. This EPA method, designed for the analysis of
I

_ _ _ 1
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water and wastewater samples, is the same as EPA Method 3510 (separatory funnel
liquid-liquid extraction and concentration) combined with EPA Method 8270
(GC/MS analysis for semivolatiles using capillary column GC). Methods 3510 and
8270 are test procedures for evaluating solid wastes. Because EP and TCLP extracts
are essentially a combination of a liquid Wastcwatcr and a solid extract, either
method applies.

For this research, EPA Method 625 was used to concentrate the organic
contaminants from a part per billion (ug/L) level to approximately ug/mL levels,
which was necessary for adequate detection by GC and GC/MS. The following
extraction procedure for base/neutral and acid organic compounds assumes a
sample volume of one liter. The amount solvent to be added should be adjusted
accordingly.

3.6.1 Liguid-Liquid Extraction Procedure

1. A sample volume of one liter was transferred to a two—liter separatory funnel.
Internal acid and base/neutral standards dissolved in methylene chloride
were added for a final concentration of 1 mg/L.

2. The pH was adjusted by adding a sufficient amount of 10N NaOH to raise
the pH above 11. At pH greater than 11, the organic base and neutral
compounds are unionized, thus, they can be extracted from solution. The
NaOH was added directly using a pasteur pipette, and the pH was checked
using wide range pH paper.

3. The sample was serially extracted three times using 60 mL aliquots of
methylene chloride. Caution was taken by periodically releasing the pressure
after shaking and allowing adequate time for the phases to separate. If
emulsions occurred, they were collected in glass centrifuge tubes and
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centrifuged at 2000 rpm for approximately two to three minutes or until the
emulsion was significantly disrupted.

4. The methylene chloride extract was collected in a ground glass stoppered
250-mL Erlenmeyer flask and labelled as the base/neutral fraction.

5. The pH was then adjusted by adding 1:1 diluted HZSO4 to lower the pH
below 2. At pH less than 2, the organic acid compounds are unionized and
thus, they can be extracted from solution. One HZSO4 solution was added
directly to the separatory funnel using a pasteur pipette, and the pH was
checked using wide range pH paper.

6. The sample was serially extracted three times using 60 mL aliquots of
methylene chloride. If emulsions occurred, centrifugation was again
employed to disrupt the emulsion.

7. The methylene chloride extract was collected in a ground glass stoppered
250-mL Erlemneyer flask and labelled as the acid fraction.

8. A sufficient amount of pre-extracted MgSO4 was added as a dxying agent to
remove any excess water from the base/neutral and acid fractions.

9. The extracts were filtered through pre-extracted Whatman #1 filters to
remove the MgSO4. A few mL of methylene chloride was used to flush the
filtered MgSO4.

10. Acid and base/neutral extract fractions were transferred into a separate
Kuderna-Danish (K-D) concentration apparatus with one to two boiling
chips to avoid "bumping."

11. The K-D apparatus was placed in a heated water bottle, and the samples
were allowed to concentrate to approximately 5 mL.

12. The concentrated samples were transferred to appropriately labelled vials
using a pasteur pipette, The K-D collection vial was rinsed with 0.5 mL
methylene chloride and added to the vial. (Note that K-D concentration was
utilized for only the first Christiansburg sample. As a result of GC analysis,
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cross·contamination of the acid and base/neutral samples was evident.
1

Consequently, an altemate, and perhaps gentler, method of concentration
was employed as described in step 13).

13. Ambient air evaporation in a fume hood was employed to reduce the sample
to a final volume of 0.5 rr1L. The sample was concentrated from 1 liter to 0.5
m1„ representing a concentration factor of 2000.

14. After concentration a secondary standard dissolved in methylene chloride,
fluoronaphthalene, was added at a concentration of 10 ug per sample.

15. The samples were capped tightly and teflon taped to reduce any subsequent
evaporation. The concentrated extracts were stored at 4°C prior to GC and
GC/MS analysis.

3.7 Analysis of Extracts by Capillary Gas Chromatography

For each site evaluated, there were 16 samples to be analyzed by gas
chromotographic means. Of the total, eight samples were derived from EP/Method
625 extraction (three triplicate acid extracts with one blank control and three
triplicate base/neutral extracts with one blank control). The remaining eight
samples were derived from TCLP/Method 625 extraction. Sludge samples from
each site were also analyzed by these methods, with the exception that no surrogate
or internal standards were added, to determine if the sample initially contained any
of the added standards.

These extracted samples were analyzed using a Hewlett-Packard 5980A Gas
Chromatograph (GC) equipped with a capillary GC column and flame ionization
(FID) and electron capture detectors (ECD). The ECD was used only as a quality
control to ensure that specific halogenated compounds were detected. Output was
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I
integrated and recorded by a Hewlett-Packard 3396A Integrator. GC conditions

'
were as follows:

COLUMN: J&W Scientific 30 meter DB-5, 1 um film thickness
FLOW RATES:

FID - Helium Carrier Gas, 1.7 mL/min at 25 psi
Hydrogen, at 16 psi
Air, at 35 psi
Column Head Pressure, at 14.5 psi
Septum Purge, 5 - 6 mL/min

ECD - Helium Carrier Gas, 1.7 mL/min at 25 psi
Hydrogen, 60 mL/min at 30 psi
Column Head Pressure, at 14.5 psi
Septum Purge, 5 - 6 mL/min

SAMPLE VOLUME: 1 uL

INJECTOR: 225°C
FID - splitless injection, purge on after 1.00 minute, split ratio

10:1
ECD — split injection, split ratio 30:1

PROGRAM: 40°C for three minutes, ramp 8°C per minute, 300oC for 4.5
minutes
Total run time, 40.0 minutes

DETECTOR: FID, 320°C
ECD, 320°C

INTEGRATION: Begin integration at 4.00 minutes to eliminate solvent peak
Area reject, 100
Threshold, 2

ATTENUATION: 2 x 10-11 mV/a

I
I
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Analysis of Extracts by Capillary Gas Chromatography and Mass ‘
Spectrometry ;

After analysis of the FID chromatograms, a representative sample was
chosen for GC/MS analysis. A representative sample included all the peaks that
were detected in the corresponding sample set.

The GC/MS system utilized was a Hewlett-Packard 5790 gas chromatograph
interfaced with a VG-Micromass Model 7070E-HF double focusing mass
spectrometer equipped with combined electron ionization/chemical ionization
source, and a VG-Datasystem 11-250. Mass spectra were enhanced using a
computer assisted background subtraction routine and were identified by National
Bureau of Standards (NBS) computerized library search, by manual interpretation
of mass spectra, and comparison to spectra of known standards.

1. Chromatographic Conditions

COLUMN: J&W Scientific 30 meter DB-5, 1 um film thickness

SAMPLE VOLUME: 6 · 8 p.L

INJECTOR: 225°C
Splitless injection, purge on after 1.00 minute

PROGRAM: 40°C for three minutes, ramp 8°C per minute, 300°C for
4.5 minutes
Total run time, 40.0 minutes
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2. Electron Impact Conditions
IONIZING ELECTRON ENERGY: 70 eV
ACCELERATING VOLTAGE: 4 kV
MASS RANGE: 40 - 375 amu
SOURCE TEMPERATURE: 200°C
SOURCE PRESSURE: 5 x 10’6 torr
SCAN RATE: 1 sec/decade

RESOLUTION: 1000

3.9 Recovery and Relative Detector Response Experiments

In order to evaluate the recovery efficiency and estimate relative
concentrations of trace organic pollutants in wastewater sludges, recovery and

response factors were determined. Relative detector response factors for targeted
compounds with respect to internal standards were determined under the same
conditions used for the analysis of the sample extracts. Concentrations of
nontargeted compounds that were not commercially available were estimated based
on detector response of a similar compound.

Using the GC, relative response factors of internal standards to unknown
sludge pollutants were established. The responses were determined at a broad
range of internal standard to contaminants ratios in order to evaluate the degree of
linearity of the relationship. Internal standards and the sludge pollutants were
mixed in methylene chloride at 1:0.1, 1:1, and 1:10 concentration ratios (internal
standard : sludge pollutant) (Dietrich, et al., 1987). Sufficient GC runs were made
to give relative standard deviations of the relative peak areas of less than 5% (Poole
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and Schuette, 1984). Five to ten injections of each of the different concentrations
were generally required. Specific details and calculations of these experiments are
presented in the Results and Discussion section.

Primary internal standards were added directly to the initial sludge sample to
assess the ability of both EP and TCLP methods to recover compounds known to be
in the sludge. As noted previously, the initial sludge samples were examined for the
presence or absence of these compounds. As these standards were not found in the
original sludge samples, acid and base/neutral standards were then added prior to
sample extraction using EPA Method 625 to evaluate recovery efficiency of this test
procedure. Moreover, a secondary internal standard was added to the final organic
solvent extract and therefore did not undergo any extraction process.

3.9.1 Internal Standards

The following sludge surrogates were added to the sludge sample prior to any
extraction procedure for a final concentration of 2.5 mg/L, or 2.5 mg/kg:

° bromoform
° 1-chlorooctane
° fusarex (tetrachloronitrobenzene)
° 1,2-dibromoethane (EDB)
° p—p’ DDT
° heptachlor

These sludge surrogates were chosen on the basis of their various
physical/chemical charcterisitics (e.g., volatility, solubility, octanol-water coefficient,
etc.) and the likelihood that they would not be present in sludge. Bromoform, 1-
chlorooctane, and 1,2-dibromoethane were selected to represent volatile
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compounds. The compounds selected to represent interest to the State were

fusarex, DDT, and heptachlor, which are pesticides.

Primary acid and base/neutral standards were added to the EP and TCLP
extracts prior to extraction according to EPA Method 625. The following standards
were transferred directly to the two—liter separatory funnel for a final concentration
of 100 pg/L just prior to pH adjustment:

° Acid Standards
- 2-tluorophenol
- phenol—d5
- 2,4,6-tribromophenol

° Base/Neutral Standards
· 2-fluorobiphenyl
- nitrobenzene - d5
- p-terphenyl - dl4

Ten pg of the secondary standard l·fluoronaphthalene were added to the
final organic solvent extract, which had previously been concentrated to an
approximate volume of 0.5 mL.

3.10 Statistical Methods

Results from this research included EP and TCLP data on the numbers,
types, and concentrations of trace organic chemicals in wastewater sludges. A
comparison of the effectiveness of the EP and TCLP for extracting trace organic
chemicals in municipal sludge was made by statistical evaluation of these data.
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Triplicate wastewater sludge samples from three municipal treatment plants,
in addition to control samples, were analyzed using the EP and TCLP test methods.
Specific statistical comparisons which were to be made were as follows:

1. compare the replicates within each site;
2. compare the EP and TCLP for the detection of specific organic

compounds; and,
3. compare how sample and organic chemical properties affect recovery

results from each method.

A database containing the EP and TCLP data was generated using REFLEX
software (Borland, 1987). Information concerning site, test, organic chemicals
detected, GC peak areas and relative responses, and physical/chemical properties
of internal standards were included in the database. By manipulating the REFLEX
database, statistical analyses were made using STATGRAPH (STSC, Inc., 1989) on
a Compaq 386/20 computer and OUATTRO PRO, (Borland, 1989) on an ALR 286
computer. Specific details of these analyses are presented in the Results and
Discussion.
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CHAPTER 4

RESULTS AND DISCUSSION

In order to compare the extraction efficiencies of the EP and TCLP for
volatile compounds, 1-chlorooctane, bromoform, and EDB were added to the
sludge samples. Because of concern of health risks associated with pesticides, EDB,
p-p’ DDT, fusarex, and heptachlor were also chosen as sludge surrogates. These
standards were not found to be in the original sludge sample, and they had similar
physical/chemical characteristics as the target compounds.

The sludge surrogates were added directly to the sludge sample prior to
either EP or TCLP and are listed in Table 8 for each site. The sludge surrogates
that were added to Christiansburg #1 included bromoform, 1-chlorooctane, and
fusarex. The sludge samples from Fishersville and Honaker wastewater treatment
plants were spiked with a surrogate solution containing p-p’ DDT, EDB, fusarex,
and heptachlor. A surrogate solution containing all of the surrogates previously
mentioned were added to the Christiansburg #2 sludge samples.

Primary acid and base/neutral standards were added after EP and TCLP
extraction and prior to EPA Method 625. These standards were added to every
sample undergoing liquid-liquid extraction (EPA Method 625), with the exception ,

of control sludge samples that were analyzed to determine if the sludge initially Econtained any of the sludge surrogates or internalstandards.56
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For each site, a total of 16 sample extracts were analyzed using gas
chromatography. A chromatogram with relative retention times of the surrogate
and internal standards added during the EP and TCLP tests is presented in Figure 3.
The mass spectra for these standards are presented in Appendix D.

A secondary standard, 1-fluoronaphthalene, was added to the final
methylene chloride extract. This standard did not undergo any extraction procedure
and was therefore the basis of determining recovery efficiency.

4.1 Relative Response Factors

Relative response factors were determined in order to evaluate the
extraction efficiency of the EP and TCLP and estimate relative concentrations of
trace organic chemicals in the sludge samples. These relative response factors, in a
quantitative analysis, take into account different detector responses to flow
fluctuations, variations in amount injected, and type of organic chemical analyzed.
The flame ionization detector (FID) measures the oxidation of C—C and C—H bonds.
Organic compounds with differing numbers of these bonds will give different
responses. The FID is nearly universal and sensitive to compounds with a
hydrocarbon backbone; although, it is less sensitive to highly halogenated
compounds (Miller, 1988). For example, 1-chlorooctane, a straight chain
hydrocarbon (CH3(CH2)7Cl), responds better to the FID than does ethylene
dibromide (EDB), a halogenated pesticide (CH2Br)2.

Using the GC, response factors of sludge surrogates, acid and base/neutral
internal standards, and identified sludge contaminants relative to the secondary
standard 1-fluoronaphthalene were determined. Five to seven 1 uL aliquots of
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concentration ratios of 10:1, 1:1, and 0.1:1, with the concentration of 1-
fluoronaphthalene remaining constant, were injected into the GC. Response factors
were then deterrnined for each dilution and each injection by the following
equation:
Response Factori = Peak Area of Compound X * (D.F)

Peak Area of 1-Fluoronaphthalene
where

i = injection number (1-7)
D.F. = Dilution Factor (0.1 for 10:1, 1 for 1:1, and 10 for 0.1:1)

These response factors for the multiple injections were averaged to obtain a
mean response for each dilution (RFm). Then an overall response factor for each
compound was calculated by averaging the RFms from all three dilutions. These
relative response factors were used to calculate the concentrations of organic
chemicals in the sample extract. The overall response factors are shown in Table 9.

4.2 Recovery Experiments

From a statistical standpoint, the purpose of this research was to determine
the efficacies of the EP and TCLP. Subsequent to analytical evaluation by these two
methods and quantification of surrogates and sludge pollutants, statistical analyses
were performed. These statistical analyses included the calculation of means and
standard deviations of the surrogate and internal standards, t-tests, ANOVA, and

regression analyses. Raw data were entered into REFLEX and QUATTRO PRO
databases and manipulated for statistical evaluation by SYSTAT and
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TABLE 9
RELATIVE RESPONSE FACTORS

BASED ON PEAK AREA AND WEIGHT

Type Compound Overall Response*

Sludge surrogates Bromoform 0.04 :0.02)
1-Chlorooctane 0.79 :0.02)
p-p’ DDT 0.40 :0.04)
Ethylene dibromide (EDB) 0.12 (:0.01)
Fusarex 0.32 (:0.02)
Heptachlor 0.41 (:0.03)

1 ° Standards — Acid 2-Fluorophenol 0.50 (:0.06)
Phenol - d5 0.65 :0.04)
2,4,6-Tribromophenol 0.18 (:0.02)

1° Standards — Base/ 2-Fluorobiphenyl 1.04 (:0.02)
Neutral Nitrobenzene - d5 0.65 (:0.02)

p-Terphenyl - dl.; 0.83 (:0.06)
Sludge pollutants Dichlorodimethoxybenzene 0.43 (:0.01)

Dimethylpentanol 1.28 (:0.01)
4-Methylphenol 1.30 (:0.04)
Tetrabutylphenol 0.58 (:0.02)

*Peak area ofspiked compound relative topeak area ofsecondary standardjluoronaphthalene. Standard
deviations are includedparentheticalßr.
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STATGRAPH. Actual printouts of the statistical results be found in Appendix E of ‘

this document.
l

4.2.1 Recoveg of Sludge Surrogates

To measure the central tendency of the surrogate recoveries and the spread
or dispersion of the data, means and standard deviations were calculated,
respectively. The mean percent recoveries for the sludge surrogate standards in the
EP and TCLP control and replicate samples are presented in Table 10. Standard
deviations and the number of observations are also given.

As shown in Table 10, the percent recoveries for the sludge samples were low
and extremely variable with standard deviations ranging from 0.1 for heptachlor
(TCLP) to 27.8 for DDT (EP). Although the percent recoveries were variable with
respect to compound and test method, it appeared that the TCLP recovered volatile
compounds, bromoform and EDB, only slightly better than the EP. The percent
recoveries for 1-chlorooctane, which is semi-volatile, and the non—volatile pesticides
(DDT, fusarex, and heptachlor) did not appear to be significantly different between
the two tests. The mean percent recoveries for the sludge surrogates relative to the
test method utilized are presented in Figure 4.

The mean percent recoveries of the surrogate standards in the control
samples, including standard deviations, are also presented in Table 10. Themeanpercent

recoveries of the sludge surrogates in the control samples relative to the test ;
method utilized are presented in Figure 5. As evident from Table 10, the mean E
recoveries of the surrogate standards from the control samples were much higher in ·
the control samples than in the sludge samples, with the exception of bromoform.
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To evaluate the effect of the sample matrix (sludge vs. reagent water) on percent l

recovery, a two—way sample analysis (t-test) was performed. This test was chosen to
compare the means and variances from two independent variables - the percent
recovery from the control sample and the percent recovery from the sludge sample.
The results from the two—way analysis for each surrogate standard are presented in
Table 11. The significance level indicates the significance of the mean recoveries
within a selected confidence interval. For this analysis, a 95% confidence interval
was established for the difference between the means. If the significance level were
less than 0.05, then there was a statistical significance in the recovery of the
surrogate in the control sample compared to the recovery in the sludge sample.
However, if the significance level were greater than 0.05 or between 0.05 and 0.10,
then there was no or only slight significance exhibited, respectively. The volatile
compounds (bromoform and EDB) exhibited no statistical significance in the
percent recovery from the control samples compared to the sludge samples. For the
non-volatile compounds (p·p’ DDT, fusarex, and heptachlor), however, there was a
statistical significance in the percent recovery from the control samples compared to
the sludge samples for both the EP and TCLP methods. These results suggest that
the type of matrix to be evaluated, either by the EP or the TCLP, will greatly
influence the recovery of certain compounds.

Because the pesticides (p·p’ DDT, fusarex, and heptachlor) had much higher
recoveries for the control samples than the replicate sludge samples, regardless of
the extraction procedure, it was initially hypothesized that the percent solids content
of the extracted sample was directly related to the percent recovery of the
compound. When analyzed statistically, there was no significant correlation
between percent recovery and solids content. Based on the percent solids of the
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TABLE 11
TWO - SAMPLE ANALYSIS RESULTS

PERCENT RECOVERY FOR CONTROL VS. SLUDGE SAMPLES

* EP * ;I”CLP
Sludge Surrogate Sig. Level Significant Sig. Level Significant

Bromoform 0.578 N 0.399 N

1-Chlorooctane 0.094 S 0.459 N

p-p’ DDT 0.037 Y 0.072 S

EDB 0.388 N 0.721 N

Fusarex 0.000 Y 0.000 Y

Heptachlor 0.025 Y 0.047 Y

* If signiiicance level (S.L.) is: <0.05 then yes, statistically signiticant; >0.05 then no statistical
significance; 0.05 < S.L. <0.10 then slightly statistically signiiicant.
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sludge samples analyzed, the extent to which the percent solids affected the percent
recovery of the surrogate standards by the EP and TCLP is difficult to determine.
As discussed previously, the samples from both Christiansburg and Fishersville were
liquid sludges (% solids equal to 0.8 and 1.5). The sludge from Honaker was
collected from a drying bed and contained 25.2% solids (refer to Tables A.1 and
A.2). Thus, the range of solids in the sludge samples analyzed was limited to either
very low solids content (representative of an unthickened, liquid sludge) or higher
solids content (representative of a dewatered sludge). A more extensive analysis of
sludges that represent a more uniform distribution of solids content (ranging from
0.8 to 25%) is necessary to adequately determine the effect of these solids on
percent recovery of certain compounds.

Analysis of variance techniques are useful for a set of statistical problems in
which the effects of one or more independent variables on a single dependent
variable are known. The dependent variable in this case was the percent final
recovery; whereas, the qualitative independent variables were the test method (EP
and TCLP) and sample site. The results of the ANOVA, presented in Appendix E,
list the sum-of—squares, degrees of freedom (DF), mean-square, f-ratio, and
probability (p) for each sludge surrogate. The sum-of—squares between groups
measures variability from sources other than the selected factor. The probability
factor indicates the significance of the mean recoveries within a specified percent
confidence level. For this analysis, a confidence level of 95% was chosen.

The results, as presented in Table 12, show that there was a statistical
significance between the recovery of the sludge surrogates and the sample site (i.e.,
the characteristics of the sludge from the individual wastewater treatment plants),
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TABLE 12
ANALYSIS OF VARIANCE (ANOVA) RESULTS

Surrogate Standard Source p—Va1ue Significant*

Bromoform Test 0.318 N
Site 0.073 S

Test * Site 0.768 N
1-Chlorooctane Test 0.719 N

Site 0.203 N
Test * Site 0.441 N

p-p’ DDT Test 0.413 N
Site 0.588 N

Test * Site 0.331 N
EDB Test 0.064 S

Site 0.000 Y
Test * Site 0.160 N

Fusarex Test 0.130 N
Site 0.032 Y

Test * Site 0.009 Y
Heptachlor Test 0.561 N

Site 0.034 Y
Test * Site 0.398 N

* If p—Va1ue is: <0.05 then yes, statistically significant; >0.05 then no statistical difference;
0.05 < p < 0.10 then slightly statistically significant.
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with the exception of the semi-volatile, 1-chlorooctane. However, there was no
obvious distinction between the recovery of a specific surrogate, whether volatile or
non-volatile, and the sample site. When the effects of the test method were
evaluated, there was no statistical significance between the percent recovery of the
surrogates and the test method utilized, This indicates that the test method alone
did not affect the recovery of the surrogate standards. When the ANOVA was
performed to determine if there was a relationship between percent recovery, the
test method utilized, and the sample site, the non-volatile pesticide, fusarex, was the
only surrogate standard that exhibited a statistical significance for the interaction
between the site and test. This indicates that the test method in addition to the
sample site affected the recovery of the fusarex.

Nested within sampling site were the variations in sludge quality within each
site. Although the effects of the actual sludge quality characteristics were not
evaluated directly by the ANOVA, the significance of these parameters was
accounted for by the sampling site. As the percent recoveries for the surrogate
standards were extremely variable, other factors, such as the physical/chemical
characteristics of the surrogate standards, were speculated to influence the percent
recovery. Several physical/chemical characteristics of each of the surrogate
standards were determined and are presented in Table 13. Brief definitions for
several of these parameters (Verschueren, 1983) are presented below:

’ Vapor Pressure · The vapor pressure of a liquid or solid is the
pressure of the gas in equilibrium with the liquid or solid at a given
temperature. Vapor pressure values provide indications of the
tendency for pure substances to va orize in unperturbed situation,
and thus provide a method for ranlging the relative volatilities of
chemicals.
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TABLE 13
PARAMETERS FOR INITIAL SLUDGE SURROGATES

Sludge Mol. Wt.1 Vap. Pressz Sol.3 HL4
Surrogate (mmHg at 25 ° C) (mg/L at 25 ° C) (atm m3/mol)

Bromoform 252.8 5.68 3,1908 *5.8x10°4
1—Chloroocta11e 148.4 1.9x10'1° 4.90° *7.6x10°3
Dibromoethaue 187.9 148 4.318 *8.0x10'1(EDB)
p-p’ DDT 354.5 1.9x10°78 0.003258 *2.7xl0°5
Fusarex 260.9 1.7x10'3° 15.8° *3.6x10'5
Heptachlor 373.5 3.0x10'48 0.18*8 *8.2x10'4

* Calculated value.a Verschuereu, 1983.*’ EPA, 1979.C Calculated from Lymau, 1982.1 Molecular Weight2 Vapor pressure3 Water solubility4 He¤ry’s Law Coustant

1
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TABLE 13 (CONTINUED)
PARAMETERS FOR INITIAL SLUDGE SURROGATES

b.p.1 m.p.2 1og3 Koc4
Sludgc Surrogatc (° C) (° C) Kow

Bromoform 1493 6-73 2.30 51.63
1-Chloroctanc 1823 -57.8° 3.79c 1.82x103°
Dilzromofthanc 131.63 9.973 3.85C 1.95x103°EDB
p-p’ DDT -- 1083 4.89-6.913 1.02x105C

6.193
Fusarcx 3043 99-1003 3.243 9.57x102°
Hcptachlor -- 95-963 4.41° 1.12x104°

* Calculatcd valuc.3 Vcrschucrcn, 1983.b EPA, 1979.C Calculatcd from Lyman, 1982.1 Boiling point2 Mclting point3 Octanol/Water partition cocfficicnt4 Soil Adsorption Cocfficicnt
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° Solubility - 'The water solubility of a chemical is an important
characteristic for establishing that chemical’s potential environmentalmovement and distribution. In general, highly soluble chemicals are
more likely to be distributed by the hydrological cycle than poorly
soluble chemicals. Water solubility can also affect adsorption anddesorption on soils and volatility from aquatic systems. Substances
which are more soluble are more likely to desorb from soils and lesslikely to volatilize from water.

° Her1ry’s Law Constant - Henry’s constant is derived based upon a
combination of vapor pressure, rate of evaporation, and solubilitydata of dissolved organics from water.

° Octanol-Water Coefficient (Kow) - The partition coefficient is defined
as the ratio of the equilibrium concentration of a dissolved substance
in a two-phase system consisting of two immiscible solvents, in this
case, octanol and water. Kow is ideally dependent only upon
temperature and pressure; although it may be determined empirically
based on the aqueous solubility.

° Adsorption Coefficient (KOC) · An index of the tendency to adsorb
onto a solid is the solubility of the compound. The adsorption of a
compound from solution onto a solid is influenced by the
physical/chemical characteristics of the adsorbing surface, the actual
surface area of the solid, and the nature and distribution of these
adsorption sites.

. To determine if these physical/chemical characteristics affected the recovery
of the surrogate standards, a regression analysis was performed. A simple
regression procedure fits a model relating one dependent variable to one
independent variable by rnir1imizing the sum of squares of the residuals for the fitted
line. For this analysis, the dependent variable was the percent recovery of the
surrogates; and the independent variable was a certain physical/chemical
characteristic. As shown in Figures 6 through 10, the percent recoveries of the
surrogates for each test are plotted on the y-axis versus the logarithm of the
physical/chemical characteristic on the x-axis. The results of the regression analysis
are presented in Table 14. Correlation coefficients (r2) are presented for each test

I
I
I

I
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TABLE 14
CORRELATION COEFFICIENTS (R2)

PERCENT RECOVERY AND SURROGATE
PHYSICAL / CHEMICAL CHARACTERISTIC

Characteristic EP TCLP

Log Vapor Pressure 14.2 26.0

Log Solubility 18.6 26.7

Log He11ry’s Law Coustamt 3.2 9.2

Log Kow 12.7 15.1

Log KOC 18.6 21.7
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method and characteristic. The 12 value is a measure of how much variability in Y
(y-axis) is accounted for by regressing Y on X (x-axis) (Zar, 1974), For example, an
rz value of 26.7 means that almost 27 percent of the variability in the recovery of the
surrogates (by the TCLP for this example) is explained by the solubility of the
surrogate standard. The data showed low correlations and indicate that the
variability in the percent recovery of the surrogates cannot be explained by a single
physical/chemical characteristic. Because each of the physical/chemical
characteristics are interrelated (e.g., vapor pressure with Henry’s constant, and
solubility with Kow and KOC), the r2 values may also be interrelated.

4.2.2 Recovery of Internal Standards

Mean percent recoveries and standard deviations from both the sludge
samples and control samples were determined for the internal standards for each
test. The recovery data for the internal standards are presented in Table 15. As
evident from the data, there was not a large difference in the percent recovery of the
internal standards between the two tests. In addition, the percent recovery of the
internal standards was higher in the control samples compared to the sludge
samples.

Quality control acceptance criteria are given for the GC/MS technique using
capillary column (Methods 8270 and 625). These criteria specify average percent
recoveries and standard deviations for approximately 64 organic chemicals. Of
these, the spike recovery limits are given for each of the internal standards. The
percent recovery limits for a soil/sediment matrix are as follows:

° Nitrobenzene—d5: 23 - 120
° 2—Fluorobiphenyl: 30 - 115

l
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' p—Terphenyl·d14: 18 - 137
° Phenol-d5: 24 - 113
° 2—Fluorophenol: 25 - 121
° 2,4,6-Tribromophenol: 19 - 122

These criteria are based directly on method performance data. If one or
more of the analytes tested fail the acceptance criteria, then detailed quality control
procedures must be implemented to obtain acceptable performance. As the analysis
method procedures were strictly followed and the percent recoveries for all of the
internal standards were well within the acceptable ranges, the quality control
standards were satisfied.

4.3 Sludge Pollutants

Capillary column GC and GC/MS were utilized to quantitatively analyze
targeted and nontargeted organic chemicals in the sample extracts. These methods
of analysis were used to confirm the identification of targeted compounds and to
assist in the identification of unknown trace organic chemicals. In addition, an
unknown organic chemical was considered to be a sludge pollutant only if it were
not detected in any of the control samples. Confirmation of the identity of the
characterized unknown trace organic chemical was based on the comparison of the
mass spectrum and retention time of the unknown to an authentic standard.

Several compounds were detected and identified as organic pollutants in the
wastewater sludge samples. These compounds were dichlorodimethoxybenzene,
dimethylpentanol, tetrabutylphenol, and 4-methylphenol. As shown in Table 16,
dichlorodimethoxybenzene and tetrabutylphenol were detected in sludge obtained
from Christiansburg Waste Treatment Plant. Sludge from Fishersville contained
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both dimethylpentanol and 4-methylphenol only nontargeted organic chemical i

detected in the Honaker sludge was 4-methylphenol. The range of concentrations
for each of the pollutants were determined according to the procedures and
equations outlined in Method 625/8270 and are also presented in Table 16. These
values are representative of the amount of sample extracted by either the
EP/Method 625 or TCLP/Method 625. One should be cautioned that these
concentrations do not necessarily represent the actual concentration of the pollutant
in the sludge, but rather the concentration in the leaching extract resulting from
either the EP or TCLP methods.

As evident from Table 16, the pollutants were not detected in all of the
replicates for either test. Moreover, the ability for the TCLP to extract a certain
pollutant over the EP, or vice-versa, is not obvious. For Fishersville,
dimethylpentanol was only detected in the acid fraction of a sample extracted by the
EP and not in any of the TCLP samples. On the other hand,
dichloromethoxybenzene and tetramethylphenol were not detected in any of the EP
sludge samples from Christiansburg. Both the EP and TCLP samples contained 4-
methylphenol for Fishersville sludge. Taking into consideration the complex matrix
of the sludge samples, the interrelated physical/chemical characteristics of the
organic chemicals, and the relatively low concentrations of the identified pollutants,
the abilities of the two tests methods to extract and detect sludge pollutants are
difficult to evaluate and compare.

Several other compounds were identified in the sludge samples but were not
quantified. These include hexanoic, hexadecanoic, benzanoic, and propanoic acids.
The hexanoic and hexadecanoic acids are common acids occurring naturally in fats
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and oils (Verschueren, 1984). They may possibly result from "finger greases°‘ during
laboratory analysis although special precautions were taken to avoid any potential
contamination from laboratory processing. Benzoic acids are also found in natural
oils in addition to food preservatives. The propanoic and propanedioc acids, also
called methylacetic acid, may have resulted from the acetic acid used during the EP
and TCLP extractions.
4.4 Contaminants and Artifacts

Distilled (purified Milli-Q) water control samples were analyzed in addition
to the sludge samples. A blank control was analyzed with each set of analyses
performed. These controls showed the contaminants and artifacts that result due to
processing of the samples in the laboratory and background contamination in the
reagents (Dietrich er al., 1988). Reagent water (Milli-Q) was also extracted by using
only Method 625. Two samples were processed and analyzed using the same GC
conditions as the sludge samples; however, one sample was pH adjusted according
to Method 625 protocol (acid and base/neutral fractions), whereas the other sample
was not (only solvent extracted). This was to determine if the acid and base
solutions used for pH adjustment contributed contaminants.

Contaminants are compounds inadvertently introduced into the sample from
laboratory glassware, solvents, tubing, reagents, or the air. The reaction of these
contarninants with each other or with compounds in the sample during processing
produces artifacts. As noted previously, compounds that were detected and
identified in the control samples were excluded from the list of compounds
identified in the sludge extracts. Contaminants found in control samples arepresented in Table 17.
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TABLE 17
CONTAMINANTS AND ARTIFACTS FOUND

IN BLANK CONTROL SAMPLES

Found Compound Comments

Milli-Q Water - Benzaldehyde Resulting from reactions
pH adjusted, EPA Benzonitrile of contaminants not
Method 625, B/N Butoxyethoxyethanol removed by water
fraction purification system and

contaminants in reagents
used in Method 625

EP and TCLP Cyclohexene Arifacts resulting from
Blanks Cyclohexanone reactions of cyclohexene

Chlorocyclohexanol during methylene LLE
Tetrachloroethylene Possible contaminant in

methylene chloride
Tetrachlorobenzenamine Possible degradation

product of Fusarex
Methyl phenanthrene Possible contaminant from

Heptachlor

Blanks and Sample Propanoic, Propanedioc acids Laboratory processing
Extracts

Phthalate esters Plasticizers
Siloxanes Probable column bleed
n-Alkanes Laboratory processing



87Benzaldehydeand hydroxybenzaldehyde (also known as salicylaldehyde)
were found in both the control and sludge samples, as well as the Milli—Q water
samples (blanks) that were extracted by LLE, As these compounds were identified
in the Milli-Q water in addition to the sludge samples, the Milli—Q water may have
originally been contaminated. Hydroxybenzaldehyde may have been an artifact
from benzaldehyde, which was commonly found in the blanks and control samples.
It should be noted that while all the blariks and control samples contained some
amount of benzaldehyde, hydroxybenzaldehyde was found only in Christiansburg’s
acid TCLP extract and Honaker’s acid EP extract. Although all the samples
virtually underwent the same extraction procedure (EP/Method 625 or
TCLP/Method 625), certain sludge characteristics or sample processing techniques
may have influenced the conversion of benzaldehyde to the hydroxy form, and thus,
some samples may have contained more hydroxybenzaldehyde than others.

Methylene-chloride liquid—liquid extraction (LLE) is widely used for the
analysis of aqueous trace organic chemicals at ppb concentrations. In EPA Method
625, several hundred milliliters of methylene-chloride Solvent are concentrated to
approximately 1 mL. Because cyclohexene is frequently added to methylene-
chloride by the manufacturer at approximately 50-100 ppm to remove degradation
products such as hydrochloric acid, cyclohexene derivatives are commonly found in
the concentrated sample/solvent extract (Dietrich, et al., 1988). Several of these
derivatives were found in both blanks and sample extracts. Use of a different
solvent or methylene chloride with no added cyclohexene would eliminate the
production of cyclohexene artifacts.
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Blank control and EP/TCLP sample extracts all contained trace amounts of
propanoic acids, phthalate esters, siloxanes, and n—alkanes. Although glassware was
thoroughly cleaned and the use of Tygon tubing was avoided, oils and greases
(propanoic acid and alkanes) and plasticizers (phthalate esters) were still detected.
Siloxanes detected tend to indicate some column bleed during GC analysis. Mass
spectra of these contaminants are shown in the Appendix D.

Other contaminants found in EP/TCLP blanks were
tetrachlorobenzenamine and methylphenanthrene. Tetrachlorobenzenamine was
most likely a degradation product of the pesticide fusarex
(tetrachloronitrobenzene). The reduction of nitro compounds to amines catalyzed
by metals and acidic conditions, which is a standard organic reaction, resulted in the
synthesis product of tetrachlorobenzenamine. Methylphenanthrene was found in all
samples containing heptachlor, even in a complete mix of only the internal
standards. By visual assessment of the internal standard chromatogram,
methylphenanthrene always eluted very near heptachlor. In some cases, based on
retention times, methylphenanthrene was mistaken for heptachlor. When different
dilutions of only the internal standards and identified sludge contaminants,
including methylphenanthrene were injected for response factor determination, it
was found that what was thought to be heptachlor was actually methyl
phenanthrene. Because methylphenanthrene was detected in the extract containing
only the internal standards, it was excluded from the list of trace organic chemicals
identified in the sludge. Mass spectra of tetrachlorobenzenamine and
methylphenanthrene can be found in Appendix D.
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4.5 Cost Analysis: EP vs. TCLP

The TCLP was speculated to be more expensive than the EP and, therefore,
the Virginia State Bureau of Wastewater Engineering was concerned that the added
expense and difficulty of the TCLP may not be warranted for analysis of trace
organic chemicals in all sludge application situations, particularly small (< 1 mgd)
municipal treatment plants with no industrial inputs (Sawyer, 1987).

For the analysis of nonvolatile organic components, the costs are
approximately the same for both EP and TCLP tests. Glass bottles are used for the
extraction procedures. For the assessment of volatile components, the TCLP
protocol requires a Zero Headspace Extractor (ZHE). Although considerably more
expensive than the bottles used in the current EP, these devices are only required
for the extraction of volatile components. While the EPA had originally intended
the ZHE to be capable of addressing all waste components, the volume limitations
and other constraints have led the EPA to only allow its use when dealing with
volatiles (Kimmell, 1987). A summary of laboratory equipment costs in shown in
Table 18.

The TCLP is similar to the EP in cost for some analytes (metals and priority
pollutants). However, due to the TCLP’s increased number of analytes, the overall
cost of analyzing the TCLP extract may be considerably more than the cost of the
EP extract analysis. The increased TCLP costs due to the increased number of
analytes are evident in Table 19. To reduce these costs, the EPA is proposing an
optional prescreening test in lieu of the TCLP (Kimmell, 1987; EPA, 1982). This
prescreening utilizes analytical methods for solid waste (SW-846) to determine "if
the waste contains sufficient amounts of individual contaminants to exceed the
appropriate regulatory threshold, assuming that all the compound leaches from the
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1

waste. If one’s evaluation is based on such an analysis, one can be certain that the
appropriate regulatory threshold could not be exceeded, and then the TCLP will not
have to be performed" (Kimmell, 1987). If the waste generator can show that his
waste does not contain specific contaminants, this prescreening might prove less
costly than performing the TCLP. Analysis costs for the EP and TCLP are shown in
Table 19.
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92TABLE 19
ANALYSIS COSTS FOR THE EP AND TCLP

Test Analysis Cost

EP1 Sample Preparation - wet S 20
dry 125

Metals
5

125
Pesticides/Herbicides 175

Total S 445

EP2 Cost for preparation, metals 500-600
and pest1cides/herbicides

TCLP Semi-volatile and volatile 1500
organic compounds

1 Costs for EP are from OLVER, Inc., Blacksburg, VA. TCLP is not offered.2 Cost for EP and TCLP are from RMC Environmental Services, Pottstown, PA.
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CHAPTER 5
CONCLUSIONS

The objectives of this research were three-fold: first, to compare the EP and
TCLP methods for their ability to analyze numbers and types of organic chemicals
in municipal treatment facilities of approximately 1 mgd capacity; second, to
evaluate the EP and TCLP methods for their ability to detect trace organics known
to be in the sludge samples, and third, to identify non-targeted trace organic
chemicals in the sludge samples.

Key results of this research are briefly summarized below.

The percent recoveries for the sludge surrogates were low and extremely
variable. Although the percent recoveries were variable with respect to compound
and test method, it appeared that the TCLP recovered volatile compounds,
bromoform and EDB, only slightly better than the EP. The percent recoveries for
1-chlorooctane, which is semi-volatile, and the non-volatile pesticides (DDT,
fusarex, and heptachlor) did not appear to be significantly different between the two
tests.

The percent recoveries of the surrogate and internal standards were higher in
the control samples than in the sludge samples. When statistically evaluated, the
volatile compounds (EDB and bromoform) exhibited no significance in the percent
recovery from the control samples compared to the sludge samples for both the EP
and TCLP methods. However, there was a statistical significance in the percent
recovery from the control samples compared to the sludge samples for the non-
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volatile pesticides. These results suggest that the recovery of certain compounds
may be matrix dependent.

Analysis of variance testing indicated that the sample site affected the
percent recovery of the surrogates to a greater extent than the test method utilized.
When the ANOVA was performed to determine if there was a relationship between
the sample site and test method which affected percent recovery, only fusarex
exhibited a statistical significance for the interaction between the site and test.

Various physical/chemical properties of the surrogates were evaluated to
determine if any one of the properties influenced the percent recovery. The data
showed low correlations (r2) and indicate that the variability in the percent recovery
of the surrogates cannot be explained by a single physical/chemical property.
Because each of the properties that were evaluated are interrelated, the rz values
may also be interrelated.

Several sludge pollutants were identified in the sludge samples. These
compounds were dichlorodimethoxybenzene, dimethylpentanol, tetrabutylphenol,
and 4-methylphenol. The range of concentrations for these chemicals were low
(ppb) and were not detected in every sludge sample for the corresponding site.

Several other compounds were found in the sludge but were not quantified.
These were hexanoic, benzanoic, and propanoic acids.

Various contaminants and artifacts were identified that were the result of
laboratory processing and background contamination in the reagents. These
included cyclohexene, cyclohexanone, chlorocyclohexanol, benzaldehyde, and
hydroxybenzaldehyde.

Further research to investigate the ability of the TCLP to recover compounds
with respect to physical/chemical properties of the specific organic compound and
variations in sludge type (activated, primary, digested, etc.) and sample matrix is
recommended. Also suggested is research to determine the effect of perturbations
on specific elements of the TCLP protocol. Ruggedness testing of this type will



95determinethe sensitivity of small procedural variations that may be expected
tooccurduring routine laboratory application, for example, variations in pressure to
the ZHE during solid/liquid separation.

Although the results did vary for both EP and TCLP, indications are that the
TCLP can adequately be used for municipal wastes, and is comparable to the EP. It
appears that of the most critical application of the TCLP to municipal sewage
wastes is the ZHE/VOC analysis. In general, the TCLP appears to satisfy
regulatory needs, although the associated impacts to small POTWs are not quite
clear.
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TABLE A.2
SAMPLE SIZES ANALYZED BY EP AND TCLP METHODS

_ EP Sample % Solids TCLP SampleSm (2) (ZHE) (2)
Christiansburg #1 100 32 80
Christiansburg #2 100 64 40
Fisherville 100 8 330
Honaker 100 99 25
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APPENDIX B
EP AND TCLP TEST PROCEDURE SCHEMATICS
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»

Wet Waste Sample Representative Wet Waste SampleContains < 0.5% Waste Sample Contains > 0.5%Nonlilterable > 100 Grams · NonfilterableSolids Solids
I Dry Waste

SampleLiquidSolid _ Solid Solid Liquid SolidSeparation
I Separation

Discard

Liquid Particle Size Liquid

> 9.5mm < 9.5mm Monolithic
I I ·

Sample Size Structural
Reduction Integrity

Procedure

Store at 4°C
Extraction of Solid Waste al pH = 2

Solid Liquid Solid Separation

Discard Liquid

EP Extract
I

Analysis Methods

Extraction Procedure Flowchart

»____ _
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Wet Waste Sample Representative Wet Waste SampleContains No or Waste Sample Containslnsignificant SignificantNonfilterable Solids Nonflterable Solids

I Dry Waste Sample I

Liquid Solid _ Solid Solid Liquid SolidSeparation: Separation:
0.6- to 0.8-pm I 0.6- to 0.8umGlass Fiber _ Glass FiberFiltration Discard Filtration

Reduce ParticIc·Size
Liquid If > 1 cm in Narrowest Liquid

Dimension or Surface
Area < 3.1 cm?

TCLP Extraction‘
ofSohd

Zero·Headspace Extractor
Required for Volatiles

„ Store at 4°C

Liquid/Solid
Separation:

0.6- to 0.8-pm _ SolidGlass Fiber Filtration I
Liquid Discard

I ITCLP Extract |
I

' I
TCLP Extract Analytical Methods ·--·--·--··—·--·—~~- TCLP Extract

‘The extraction fluid employed is a function of the elimination of the solid phase of the waste.

TCLP Flowchart
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I
DIBROMOETHANE (EDB)

18 189
98
88
78
88

961 Ü
48
38
28 79+9 *3 188

11 54 89 133 1471*%*172 287
68 88 188 128 148 188 188 288 228 248 288

M/Z

2-FLUOROPHENOL

188 112
98
88
78

%| 58
48
38
Ü S7 sag?
18 58
B 73 135148 179191 287 266

68 88 188 128 148 188 188 288 228 248 288
M/Z
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BROMOFORM
13 173
98
88
78
88

%I 59
48

28
13 252
3 59 72 133147158 191 287

88 88 188 128 148 188 188 288 228 248 288
M/Z

PHENOL — d5

18 99
98
88
78
88

661 99
48
38 71
28
18 S4
3 125 147181 179 194 999 252 287

88 88 188 128 148 188 188 288 228 248 288
M/Z

1
1
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1—CHLOROOCTANE
18
gg 81
88
78 S588

%| S8
48
38 88
28
18 88 185
3 133147 181 287

88 88 188 128 148 188 188 288 228 248 288
M/Z

NITROBENZENE — d5

13
548

82
88
88 12878
88

661 S8
48

28 88
18„ 6 118 147 177181285 28788 88 188 128 148 188 188 288 228 248 288

M/Z
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11—FLUORONAPHTHALENE “
ggg 146
88
88
78
68

48
38
gg 73 128
gg 33 $3

B7 88
g 17919l 337

68 88 188 128 148 168 188 288 228 248 268
M/Z

2-FLUOROBIPHENYL
ma 173
88
88
78
68

%¤ SB
48
38
3** 31 S3 75 85 m1aa1·18
ls 59187
8 183 287 248 267

68 88 188 128 148 168 188 288 228 248 268
M/Z
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FUSAREX
lß 188 283215
98 261
88’“ 178
88 73 143

661 58
1‘“ 118

38
28 47 6* 84 9613118

; 231
1 6 6 66 6 *5** = 616

68 88 188 128 ,148 168 188 288 228 248 268
M/Z

2,4,6—TR|BROMOPHENOL

18 B?
98
88
78
68 141

661 SB
48
38 53 gl

222 258E3 7 79 111 "“
‘ 197 1
1 6 6 .1 18 av 267

68 88 188 128 148 168 188 288 228 248 268
M/Z



147HEPTACHLOR
lß 188 272
88
88 85
78
56 .

98 I SB gg;
48
38 135
28 73 1 l418 5· ·¤¤ ““ 2171 » 1 P6 1 ¤ .; M ·„„ 1E _„ . B3 _ _ q 253

88 88 188 128 148 188 188 288 228 248 288
ld,/JZ

p-TERPHENYL-d 14
lg; 244
88
88
78
88
58% ‘ 12248 ·
38
28 54 188 21218 88 88 94 ws 138148 184,98 228
g . . , 258 271

88 88 188 128 148 188 188 288 228 248 288
hh7’2!
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p-p' DDT

18 165 237
38
BB
78

_ 88
%[ SB jg l99‘° · 126 212 199 SB 126 j

28 B3 82 9912299 ISB Ä8 . Ä·
· .1 „. 1 1 „ ‘ 257

B8 B8 166 126 146 166 166 266 226 246 288
M/Z
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I

BENZALDEHYDE
18 1 77
88
88 188
78
68 51

%| 58 I
48
38
28
18
3 B3 88 147 181 218

88 88 188 128 148 188 188 288 228 248 288
M/Z

2-METHYL BENZONITRILE

I3 ll?
88
88 ‘
78
88

%| 54 Qß
48aa 1
28 sa '‘° sa 1
3 74 134 183 178191 287 253 287 I

88 88 188 128 148 188 188 288 228 248 288 , I
M/Z I

‘
I

I

I

I
I
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2‘(2·BUTOXYETHOXY)·ETHANOL
188
98 57
88
78
58

%| 58
— 48

38
28 75

87‘“ ma 318 lll 154 131218 257281
58 188 158 _ 288 258 388 358

M/Z

4·METHYL PHENOL

188 187
98
88
78
58

sen S8
‘ 48

7738 Sl
28
18 53 98
8 ss aaa ma wa 191 EW 258 -

58 88 188 128 148 158 188 288 228 248 258
M/Z
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l

CYCLOHEXENE

188 91
88
88
78
68
58
487° sa aa;
28
111 ss 88 HB
„ 7 99 1331*17 193

68 88 188 128 148 168 188 288 228 248 268

CYCLOHEXENONE

188 511 7
98
88
78
68

7

%| 58
487“ 86
28
111 53
a 83 185 133 181 288

68 88 188 128 148 168 188 288 228 248 268
M/Z
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CHLOROCYCLOHEXANOL

. 13 57
88
88
78 ·
88

91,1 58
48
38 8828

88m 71 88 1344 118 147 287
88 88 188 128 148 188 188 -288 228 248 288

M/Z

TETRACHLOROETHYLENE

lg · 188

98
88
78 131
88 °

261 S8 S1
48 47
38 Sg

18 aa

E 75 117 191
88 88 188 128 148 188 188 288 228 248 288

M/Z
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2,3,5,6-TETRACHLOROBENZENAMINE

18 231
98
88
78
88

% I 58
48
3** 158gg 81

gg 9818 47 73 IIS 131 I94
6 _ 1 192 1 253 266

88 88 188 128 148 188 188 288 228 248 288
IM/Z _

1-METHYL PHENANTHRENE

18 244
88
88 122
78
88

661 58 IIS 188 212 8
48 228

l
38 I8884 *38 128 54gg 198 11
18 :I
6 1 .„ .. 2952*** 323**

58 188 158 288 258 388 358
M/Z
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DIBUTYL PHTHALATE ESTER

18 149
98
88
78
58

%I 58
48
38
28
18 $6575578 sam 1g1 ass aaa8 178 193 251 265

58 88 188 128 148 158 188 288 228 248 268
M/Z

SILOXANE

. 18 245
98
88
78 218
58 ·

%| Sg 177
48 · 1
38
28 74

87
185 12a

18 53 91
Ä

Hl 158 ISS 235 359
9 1.68

88 188 128 148 158 188 288 228 248 258
M/Z
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H% 1E Z
STATISTICS FOR EP BLANKS 1

THE FOLLOWING RESULTS ARE FOR:— COMPOUNDS = 1—CHLOROOCTA

TOTAL OBSERVATIONS: 2

FINREC

N OF CASES 2
MINIMUM 0.000
MAXIMUM 26.965
MEAN 13.482
STANDARD DEV 19.067

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = BROMOFORM

TOTAL OBSERVATIONS: 2

FINREC

N OF CASES 2
MINIMUM 7.624
MAXIMUM 14.179
MEAN 10.902
STANDARD DEV 4.635

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = DDT

TOTAL OBSERVATIONS: 3

FINREC

N OF CASES 3
MINIMUM 0.847
MAXIMUM 51.466
MEAN 19.577STANDARD DEV 27.7571

1

1
1
1
1
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2

STATISTICS FOR EP BLANKS
THE FOLLOWING RESULTS ARE FOR:

COMPOUNDS = EDB

TOTAL OBSERVATIONS: 3

FINREC

N OF CASES 3
MINIMUM 6.135
MAXIMUM _ 31.480
MEAN 21.007
STANDARD DEV 13.233

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = FUSAREX

TOTAL OBSERVATIONS: 4

FINREC

N OF CASES 4
MINIMUM 11.888
MAXIMUM 55.055
MEAN 27.387
STANDARD DEV 20.025

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = HEPTACHLOR

TOTAL OBSERVATIONS: 3 .

FINREC

N OF CASES 3
MINIMUM 3.240
MAXIMUM 49.321
MEAN 22.592
STANDARD DEV 23.910



I
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158 I

STATISTICS FOR EP REPLICATES
THE FOLLOWING RESULTS ARE FOR:

Q COMPOUNDS = 1—CHLOROOCTA

TOTAL OBSERVATIONS: 6

FINREC

N OF CASES 6
MINIMUM 0.000
MAXIMUM 9.465
MEAN 1.689
STANDARD DEV 3.813

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = BROMOFORM

TOTAL OBSERVATIONS: 6

FINREC

N OF CASES 6
MINIMUM 2.618
MAXIMUM 66.755
MEAN 21.858
STANDARD DEV 24.723

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = DDT

TOTAL OBSERVATIONS: 9

FINREC

N OF CASES 9
MINIMUM 0.000
MAXIMUM 1.970
MEAN 0.274
STANDARD DEV 0.649

I
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STATISTICS FOR EP REPLICATESI

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = EDB

TOTAL OBSERVATIONS: 9

FINREC

N OF CASES 9
MINIMUM 0.000
MAXIMUM 37.930
MEAN 10.290
STANDARD DEV 13.007

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = FUSAREX

TOTAL OBSERVATIONS: 12

FINREC

N OF CASES 12
MINIMUM _ 0.104
MAXIMUM 3.521
MEAN 1.279
STANDARD DEV 1.023

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = HEPTACHLOR

TOTAL OBSERVATIONS: 9

FINREC

N OF CASES 9
MINIMUM . 0.000
MAXIMUM 0.845
MEAN 0.137
STANDARD DEV 0.295

I
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STATISTICS FOR TCLP BLANKS
THE FOLLOWING RESULTS ARE FOR:

- COMPOUND$ = 1—CHLOROOCTA

TOTAL OBSERVATIONS: 2

FINREC

N OF CASES 2
MINIMUM 0.291
MAXIMUM 3.339
MEAN 1.815
STANDARD DEV 2.155

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = BROMOFORM

TOTAL OBSERVATIONS: 2

FINREC —

N OF CASES 2
MINIMUM 14.517
MAXIMUM 29.578
MEAN 22.048
STANDARD DEV 10.650

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = DDT

TOTAL OBSERVATIONS: 3

FINREC

N OF CASES 3
MINIMUM 1.010
MAXIMUM 9.551
MEAN 5.157
STANDARD DEV 4.276



1

1M, '1

STATISTICS FOR TCLP BLANKS
THE FOLLOWING RESULTS ARE FOR:

— COMPOUNDS = EDB

TOTAL OBSERVATIONS: 3

FINREC

N OF CASES 3
MINIMUM 6.839
MAXIMUM 50.901
MEAN 26.323
STANDARD DEV 22.468

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = FUSAREX

TOTAL OBSERVATIONS: 4

FINREC

N OF CASES 4
MINIMUM 10.620
MAXIMUM 33.371
MEAN 17.635
STANDARD DEV 10.662

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = HEPTACHLOR

TOTAL OBSERVATIONS: 3

FINREC

N OF CASES 3
MINIMUM 2.587
MAXIMUM 18.201
MEAN 7.833
STANDARD DEV 8.979
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I
STATISTICS FOR TCLP REPLICATES

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = 1—CHLOROOCTA

TOTAL OBSERVATIONS: 6

FINREC

N OF CASES 6
MINIMUM 0.350
MAXIMUM 2.186
MEAN 1.117
STANDARD DEV 0.691

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = BROMOFORM

TOTAL OBSERVATIONS: 6

FINREC

N OF CASES 6
MINIMUM 13.123
MAXIMUM 59.041
MEAN 33.391
STANDARD DEV 16.087

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = DDT

TOTAL OBSERVATIONS: 9

FINREC

N OF CASES 9
MINIMUM 0.000
MAXIMUM 8.018
MEAN 1.049
STANDARD DEV 2.624



M3 j

STATISTICS FOR TCLP REPLICATES
THE FOLLOWING RESULTS ARE FOR:— COMPOUNDS = EDB

TOTAL OBSERVATIONS: 9

FINREC

N OF CASES 9
MINIMUM 0.000
MAXIMUM 58.279
MEAN 18.741
STANDARD DEV 21.453

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = FUSAREX

TOTAL OBSERVATIONS: 12

FINREC

N OF CASES 12
MINIMUM 0.000
MAXIMUM 6.137
MEAN 1.979
STANDARD DEV 1.874

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS = HEPTACHLOR

TOTAL OBSERVATIONS: 9

FINREC

N OF CASES 9
MINIMUM 0.000
MAXIMUM 0.338
MEAN 0.084
STANDARD DEV 0.121
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THE FOLLOUING RESULTS ARE FOR:
COMPOUNDS -

Q METHYL PHE

TOTAL OBSERVATIONS: 5

DRYSOLI SAMPSIZE SOLEXT INITADD PKAREA

N OF CASES 5 5 5 0 5
HINIMUM 0.870 100.000 1Q.300 . 1137.000
MAXIMUM 25.200 333.000 100.000 . 80028.000
MEAN 5.736 193.200 37.Q80 . 1875Q.800
STANDARD DEV 10.881 127.619 35.385 . 3Q371.156

PERRECO VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

MW MP LOGKOW KOC UGINIT

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

UGFINAL RFALL FINREC RR NUM

N OF CASES 5 5 0 5 5
MINIMUM 0.177 1.275 . 0.023 35.000
MAXIMUM 8.338 1.275 . 1.063 50.000
MEAN 2.010 1.275 . 0.256 Q2.000
STANDARD DEV 3.5Q8 0.000 . 0.Q52 6.083

TEMP1 TEMP2 PKARFN LOGKOC LOGSOLU

N OF CASES 5 5 5 0 0
MINIHUM 0.000 Q8807.000 Q8807.000 . .
MAXIMUM 0.000 75986.000 75986.000 . .
MEAN 0.000 60Q88.200 60Q88.200 . .
STANDARD DEV 0.000 13870.7Q2 13870.7Q2 . .

\
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LOCHENRY 1£ßVP TESTNO SITENO S1TEN2

N OF CASES 0 0 5 5 5
MINIMUM . . 1.000 3.000 2.000
HAXIHUM . . 2.000 4.000 3.000
HEAN . . 1.600 3.200 2.200
STANDARD DEV . . 0.548 0.447 0.467

TESTFIL SITEFIL FOUND TESTF2

N OF CASES 5 5 5 5’
HINIMUM 0.000 3.000 2.000 3.000
HAXIMUH 1.000 7.000 2.000 7.000
HEAN 0.400 3.800 2.000 4.600
STANDARD DEV 0.548 1.789 0.000 2.191

THE FOLLOUING RESULIS ARE FOR:
COHPOUNDS - BENZALDEHYDE

TOTAL OBSERVATIONS: 25

DRYSOLI SAMPSIZE SOLEXT INITADD PKAREA

N OF CASES 25 25 25 0 25
HINIHUH 0.000 64.000 15.000 . 889.000
HAXIHUM 25.200 333.000 100.000 . 27344.000 '
HEAN 3.754 104.400 35.408 . 10308.000
STANDARD DEV 8.107 70.318 28.909 . 8971.579

PERREC0 VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
HINIMUM .....
HAXIHUM .....
MEAN ,....
STANDARD DEV .....

MV HP LDGKOU KOC UCINIT

N OF CASES 0 0 0 0 0
HINIMUM .....
HAXIMUM .....
MEAN .....
STANDARD DEV .....

I
I
I
I
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UGFINAL RFALL FINREC RR NUM
N OF CASES 25 25 0 25 25MINIMUM 0.157 0.646 . 0.010 8.000HAXIMUM 9.330 0.646 . 0.603 56.000HEAN 2.557 0.646 . 0.165 26.800STANDARD DEV 2.313 0.000 . 0.150 15.019

TEMP1 TEMP2 PKARFN LOGKOC LOGSOLU
N OF CASES 25 25 25 0 0MINIMUM 0.000 0.000 34093.000 . .MAXIMUM 117945.000 140200.000 140200.000 . .HEAN 52718.280 17341.920 70060.200 . .STANDARD DEV 37744.288 36167.344 28775.845 . .

LDGHENRY LOCVP TESTN0 SITENO SITEN2
N OF CASES 0 0 25 25 25MINIMUM . . 1.000 1.000 0.000MAXIMUM . . 2.000 4.000 3.000MEAN . . 1.400 2.080 1.080STANDARD DEV . . 0.500 1.038 1.038

TESTFIL SITEFIL FOUND TESTF2
N OF CASES 25 25 25 25MINIMUM 0.000 0.000 2.000 3.000MAXIMUM 1.000 7.000 2.000 7.000HEAN 0.600 2.240 2.000 5.400STANDARD DEV 0.500 2.350 0.000 2.000

THE FOLLOUINC RESULTS ARE FOR:
COMPOUNDS - BENZONITRILE

TOTAL OBSERVATIONS: 16

DRYSOLI SAMPSIZE SOLEXT INITADD PKAREA
N OF CASES 16 16 16 0 16MINIMUM 0.000 64.000 14.300 . 474.000MAXIMUM 25.200 333.000 100.000 . 7060.000MEAN 3.751 135.438 32.050 . 2185.250STANDARD DEV 8.392 98.849 26.816 . 1567.556



179 I

I

PERREC0 VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

MU MP LOGKOW KOC UGINIT

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

UCPINAL RFALL FINREC RR NUM

N OP CASES 16 16 0 16 16
MINIMUM 0.094 0.759 . 0.007 8.000
MAXIMUM 1.650 0.759 . 0.125 52.000
MEAN 0.503 0.759 . 0.038 29.125
STANDARD DEV 0.382 0.000 . 0.029 14.660

TEMP1 TEMP2 PKARFN LOGKOC LOGSOLU

N OF CASES 16 16 16 0 0
MINIMUM 0.000 0.000 34093.000 . .
MAXIMUM 111585.000 94319.000 111585.000 . _ .
MEAN 44636.813 20854.375 65491.188 . .
STANDARD DEV 42451.578 30226.201 27016.617 . .

LDGHENRY LOGVP TESTNO SITEN0 SITEN2

N OF CASES 0 0 16 16 16
MINIMUM . . 1.000 1.000 0.000
MAXIMUM . . 2.000 4.000 3.000
MEAN . . 1.500 2.250 1.250
STANDARD DEV . . 0.516 1.000 1.000

TESTFIL SITEFIL POUND TESTF2

N OP CASES 16 16 16 16
MINIMUM 0.000 0.000 2.000 3.000
MAXIMUM 1.000 7.000 2.000 7.000
MEAN 0.500 2.375 2.000 5.000
STANDARD DEV 0.516 2.125 0.000 2.066
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THE FOLLOWINC RESULTS ARE FOR:
COMPOUNDS - BUTOXYETHOXY

TOTAL OBSERVATIONS: 1

DRYSOL1 -SAMPS1ZE SOLEXT INITADD PKAREA

N OF CASES 1 1 1 0 1
MINIMUM 0.000 100.000 100.000 . 6581.000
HAXIMUM 0.000 100.000 100.000 . 6581.000
MEAN 0.000 100.000 100.000 . 6581.000
STANDARD DEV .....

PERREC0 VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

MW MP LDGKOW KOC UGINIT

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

UGFINAL RFALL FINREC RR NUM

N OF CASES 1 1 0 1 1
MINIMUM 2.003 0.234 . 0.047 56.000
MAXIMUM 2.003 0.234 . 0.047 56.000
MEAN 2.003 0.234 . 0.047 56.000
STANDARD DEV .....

TEMP1 TEMP2 PKARFN LOGKOC LDGSOLU

N OF CASES 1 1 1 0 0
MINIMUM 0.000 140200.000 140200.000 . .
MAXIMUM 0.000 140200.000 140200.000 . .
MEAN 0.000 140200.000 140200.000 . .
STANDARD DEV .....
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LOCHENRY LOGVP TESTN0 SITENO SITENZ

N OF CASES 0 0 1 1 1
HINIMUM . . 2.000 6.000 3.000
HAXIHUM . . 2.000 6.000 3.000
HEAN . . 2.000 6.000 3.000
STANDARD DEV .....

TESTFIL SITEFIL FOUND TESTF2

N OF CASES 1 1 1 1
HINIHUM 0.000 7.000 2.000 3.000
MAXIMUM 0.000 7.000 2.000 3.000
HEAN 0.000 7.000 2.000 3.000
STANDARD DEV ....

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS - DICHLOROANIS

TOTAL OBSERVATIONS: 2

DRYSOLI SAMPSIZE SOLEXT INITADD PKAREA

N OF CASES 2 2 2 0 2
HINIHUM 1.700 80.000 25.800 . 1250.000
HAXIMUM 1.700 80.000 26.000 . 1609.000
HEAN 1.700 80.000 25.900 . 1329.500
STANDARD DEV 0.000 0.000 ‘ 0.161 . 112.630

PERREC0 VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
HINIMUM .....
HAXIHUM .....
HEAN .....
STANDARD DEV .....

HW MP LOGKOV ROC UGINIT

N OF CASES 0 0 0 0 0
MINIMUM .....
HAXIMUM .....
HEAN .....
STANDARD DEV .....
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UGFINAL RFALL FINREC RR NUM

N OF CASES 2 2 0 2 2
MINIMUM 0.289 0.630 . 0.012 12.000
MAXIMUM 0.306 0.630 . 0.013 16.000
MEAN 0.298 0.630 . 0.013 13.000
STANDARD DEV 0.012 0.000 . 0.001 1.616

TEMP1 TEMP2 PKARFN LOGKOC LOGSOLU

N OF CASES 2 2 2 0 0
MINIMUM 100529.000 0.000 100529.000 . .
MAXIMUM 106991.000 0.000 106991.000 . .
MEAN 103760.000 0.000 103760.000 . .
STANDARD DEV 6569.326 0.000 6569.326 . .

LOGHENRY LOCVP TESTNO SITENO SITENZ

N OF CASES 0 0 2 2 2
MINIMUM . . 1.000 1.000 0.000
MAXIMUM . . 1.000 1.000 0.000
MEAN . . 1.000 1.000 0.000
STANDARD DEV . . 0.000 0.000 0.000

TESTFIL SITEFIL FOUND TESTF2
_ N OF CASES 2 2 2 2

MINIMUM 1.000 0.000 2.000 7.000
MAXIMUM 1.000 0.000 2.000 7.000
MEAN 1.000 0.000 2.000 7.000
STANDARD DEV 0.000 0.000 0.000 0.000

THE FOLLOWING RESULIS ARE FOR:
COMPOUNDS - DIMETHYL PEN

TOTAL OBSERVATIONS: 1

DRYSOLI SAMPSIZE SOLEXT INITADD PKAREA

N OF CASES 1 1 1 0 1
MINIMUM 0.870 100.000 16.300 . 1613.000
mxxmm 0.870 100.000 16.300 . 1613.000
MEAN 0.870 100.000 16.300 . 1613.000
STANDARD DEV .....

.... - -..62.—.—E.„.—.—E................................._.....„....„..._„__,____,______„____,_„____„___-_______ _ _1



183

PERRECO VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

HV MP LOCKOU KOC UGINIT

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

UGFINAL RFALL FINREC RR NUM

N OF CASES 1 1 0 1 1
MINIMUM 0.1&5 1.28h . 0.019 37.000
MAXIMUM 0.1&5 1.28A . 0.019 37.000
MEAN 0.1&5 1.28& . 0.019 37.000
STANDARD DEV .....

TEMPI TEMP2 PKARFN LDGKOC LDGSOLU

N OF CASES 1 1 1 0 0
HINIMUM 0.000 75986.000 75986.000 . .
MAXIMUM 0.000 75986.000 75986.000 . .
MEAN 0.000 75986.000 75986.000 . .
STANDARD DEV .....

LOGHENRY LOCVP TESTN0 SITENO SITEN2

N OF CASES 0 O 1 1 1
MINIMUM . . 2.000 3.000 2.000
MAXIMUM . . 2.000 3.000 2.000
MEAN . . 2.000 3.000 2.000
STANDARD DEV .....

TESTFIL SITEFIL FOUND TESTF2

N or cAsr:s 1 1 1 1
MINIMUM 0.000 3.000 2.000 3.000
MAXIMUM 0.000 3.000 2,000 3.000
MEAN 0.000 3.000 2.000 3.000
STANDARD DEV ....

-—..............................................................................._._______________,________________,_,,,,,,,vv_v(WVj
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THE FOLLOUING RESULTS ARE FOR:
c0MPOUN¤$ — HYDROXYBENZA

TOTAL OBSERVATIONS: 13

DRYSOLI SAMPSIZE SOLEXT INITADD PKAREA

N OF CASES 13 13 13 0 13
MINIMUM 0.000 66.000 19.300 . 836.000
MAXIMUM 25.200 100.000 100.000 . 66812.000
MEAN 8.692 86.308 66.823 . 16336.866
STANDARD DEV 11.602 16.286 36.950 . 18668.389

PERREC0 VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

MW MP LOGKOW KOC UGINIT

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

UGFINAL RFALL FINREC RR NUM

N OF CASES 13 13 0 13 13
MINIMUM 0.286 0.310 . 0.009 9.000
MAXIMUM 33.653 0.310 . 1.062 53.000
MEAN 10.101 0.310 . 0.313 30.156
STANDARD DEV 11.596 0.000 . 0.359 16.263

TEMP1 TEMP2 PKARFN LOGKOC LOGSOLU

N OF CASES 13 13 13 0 0
MINIMUM 0.000 0.000 20765.000 . .
MAXIMUM 117965.000 96319.000 117965.000 . .
MEAN 66122.538 15597.692 59720.231 . .
STANDARD mzv 36768.289 28896.966 26376.197 . .
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N OF CASES 0 0 13 13 13
HINIMUH . . 1.000 1.000 0.000
MAXIMUM . . 2.000 4.000 3.000
HEAN . . 1.462 2.385 1.385
STANDARD DEV . . 0.519 1.193 1.193

TESTFIL SITEFIL FOUND TESTF2

N OF CASES 13 13 13 13
HINIMUM 0.000 0.000 2.000 3.000
MAXIMUM 1.000 7.000 2.000 7.000
HEAN 0.538 3.077 2.000 5.154
STANDARD DEV 0.519 2.842 0.000 2.075

THE FOLLOWING RESULTS ARE FOR:
COHPOUNDS - METHYLPHENAN

TOTAL OBSERVATIONS: 17

DRYSOLI SAHPSIZE SOLEXT INITADD PKAREA

N OF CASES 17 17 17 0 17
MINIMUM 0.000 25.000 14.300 . 758.000
HAXIHUM 25.200 333.000 100.000 . 14629.000
MEAN 5.056 176.647 40.388 , 4580.294
STANDARD DEV 9.625 120.387 34.406 . 4144.821

PERRECO VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIHUM .....
MEAN .....
STANDARD DEV .....

HW MP LOGKOW KOC UGINIT

N OF CASES 0 0 0 0 0
HINIMUM .....
HAXIHUM .....
HEAN .....
STANDARD DEV .....

I
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UGFINAL RFALL FINREC RR NUM

N OF CASES 17 17 0 17 17
MINIHUM 0.099 0.922 . 0.009 6.000
MAXIHUM 2.436 0.922 . 0.225 64.000
MEAN 0.850 0.922 . 0.078 41.412
STANDARD DEV 0.798 0.000 . 0.074 14,748

TEMP1 TEMP2 PKARFN LOGKOC LDGSOLU

N OF CASES 17 17 17 0 0
MINIMUM 0.000 0.000 34093.000 . .
MAXIMUM 101260.000 140200.000 140200.000 . .
MEAN 9797.176 57469.588 67266.765 . .
STANDARD DEV 28377.911 32633.167 25957.081 . .

LOGHENRY LOGVP TESTNO SITEN0 SITENZ

N OF CASES 0 0 17 17 17
MINIMUM . . 1.000 1.000 0.000
MAXIMUM . . 2.000 4.000 3.000
MEAN . . 1.529 3.059 2.059
STANDARD DEV . . 0.514 0.899 0.899

TESTFIL SITEFIL FOUND TESTF2

N OF CASES 17 17 17 17
HINIMUM 0.000 0.000 2.000 3.000
MAXIMUM 1.000 7.000 2.000 7.000
HEAN 0.471 3.824 2.000 4.882
STANDARD DEV 0.514 2.325 0.000 2.058

THE FOLLOWING RESULTS ARE FOR:
COMPOUNDS - TETRABUTYL P

TOTAL OBSERVATIONS: 3

DRYSOLI SAHPSIZE SOLEXT INITADD PKAREA

N OF CASES 3 3 3 0 3
MINIMUM 0.900 64.000 23.400 . 1103.000
MAXIMUM 0.900 64.000 24.200 . 2443.000
MEAN 0.900 64.000 23.867 . 1737.333
STANDARD DEV 0.000 0.000 0.416 . 672.842
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PERRECO VP SOLU HENRY BP

N OF CASES 0 0 0 0 0
MINIMUM .....
MAXIMUM .....
MEAN .....
STANDARD DEV .....

MU MP LOGKOU KOC UGINIT

N OF CASES 0 0 0 0 0
MINIMUM .....
HAXIMUM .....
MEAN .....
STANDARD DEV .....

UGFINAL RFALL FINREC RR NUM

N OF CASES 3 3 0 3 3
MINIMUM 0.336 0.583 . 0.020 26.000
MAXIMUM 0.626 0.583 . 0.036 30.000
MEAN 0.493 0.583 . 0.029 28.000
STANDARD DEV 0.147 0.000 . 0.009 2.000

TEMP1 TEMP2 PKARFN LDGKOC LOGSOLU ‘

N OF CASES 3 3 3 0 0
MINIMUM 55134.000 0.000 55134.000 . .
MAXIMUM 66954.000 0.000 66954.000 . .
MEAN 59494.000 0.000 59494.000 . .
STANDARD DEV 6491.194 0.000 6491.194 . .

LOGHENRY LOGVP TESTN0 SITEN0 SITEN2

N OF CASES 0 0 3 3 3
MINIMUM . . 1.000 2.000 1.000
MAXIMUM . . 1.000 2.000 1.000
MEAN . . 1.000 2.000 1.000
STANDARD DEV . . 0.000 0.000 0.000

TESTFIL ·S1TEFIL FOUND TESTF2

N or czaszs 3 3 3 3
MINIMUM 1.000 2.000 2.000 7.000
MAXIMUH 1.000 2.000 2.000 7.000
MEAN 1.000 2.000 2.000 7.000
STANDARD DEV 0.000 0.000 0.000 0.000




