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SECTION 1
INTRODUCTION

This report describes the results of treatablity studies performed for the Halby
Chemical site, Wilmingtan, Oelaware. The ovarau.approach to the treatabllity studies
described In this report has been modeled after Infarmation contained in the “Guide for
Conducting Treatability Studies Under CERCLA,” Interim Final, U.S. Environmental

* Protection Agency, 1989,

Four treatment technologles were evaluated In the treatability studies: low-
temperature thermal desorption, solidification/stabilization, xanthate flotation, and bio-
logical treatment, Each technology was evaluated as a primary treatment except low-

temperature thermal desorption, which was evaluated as a pretreatment step prior to
solldification/stabilization, Al technologies were evaluated at the laboratory screening
tier, as defined In the treatabllity guide.

1.1 Sie Description

The Halby Chemical site covers approximately 14 acres in a highly industrialized
area in Wilmington, New Castle County, Delaware, As Figure 1-1 illustrates, the site is
situated in a tidal marshiand that is bordered on the north and west by Interstate 495,

" on the east by Conrall Rallroad, and on the south by Terminal Avenue. The Christina
River Is located east of the site,

The Halby Chemical Company and the Witca Chemical Company produced sul-
fur cornpounds from 1948 to 1977, Specific raw materials used in fhe manufacturing
process are shown in Table 1-1, and the products and associated byproducts known
to have been produced at the plant are shown in Table 1-2, The three principal
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Map of Halby Chemical site.

Figure 1-1.




TABLE §-1. RAM MATERIALS USED AT THE HALRY SITE

Amonium hydroxide
Anhydroua semonium
Carbon disulfide
Potassium hydroxfde
Sodium hydroxide
Honochloroscetic acid
aooctyl alcohol

I { ather
N«ﬁmym(nm

prToluene sutfonic acld
Solvay dence soda ash
sulfuric acid

JABLE 1-2. PRODUCTS AND BYPRODUCTS PRODUCED AT THE NALAY SITE

Ammonium thioglycolate (ATG)
{sooctyl thioglycolate (107G)
Ammonium thiocysnate

Sodium sulfide

Sodium thiocyanate

Sodium hydrosul fide

Patass fum thiocysnate
Monoethanolsmine thicglycolate

chemicals manufactured or used at the chemical faciity were ammonium thioglycolate
(ATG), Isoocty! thioglycolate (IOTG), and ammonium thiocyanate,

From 1948 to 1964 the wastewater, cooling water, and surface runoff were dis-
charged into an uniined lagoon (see Figure 1.1). The lagoon waters discharged to the
Christina River through a dralinage ditch connected to Lobdell Canal east of the site.
The tagoon presently receives runoff from the railroad tracks on the east side of the
site and from the hlghway northwest of the sfte. Currently, a dralnage ditch along
(-495 drains the fagoon waters during tidal fluctuations into the Christina River,
Although chemical production activitles stopped in 1977, the site Is still used for
storage of carbon disuffide in aboveground tanks. Areas adjacent to the site also are
used for storage of coke plles (east of tha site) and for truck washing (west of the
site),

According 1o a 1983 Delaware Depariment of Natural Resources and Environ-
mental Control (DNREC) preliminary assessment, nearby residents had complained
about lagoon overflow, sulfurous odors, and numercus spills. In late 1985 or early
1986, the EPA FIT Il Team conducted a site Inspection of the facility, and detected
sulfurous odcirs from stained sediments, drums, and tanks found on site, In 1987,
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EPA began a Remedial Investigation/Feasibillty Study (RI/FS) at the site, Analyses ¢ @
sediment, surface and subsurface sofls, and surface and ground water indicated con-
tamination by volatile organic compounds (VOCs), semivolatile organic compounds,

and Inorganic compounds (metals, ammonla, and cyanide compounds), Migration

from the site was evident in agueous and sediment samples from the fagoon outfali,
which contaln elevated levels of various poliutants. At the time of the inspection, the
one remaining on-site well showed high levels of arsenic, mercury, cyanide, and tri-
chioroethylene. The presence of these substances indicated that the ground water
underlying the site was probably contaminated,

1.2 Waste Stream Description

Tables 1-3 through 1-5 llst the detected VOCs, semivolatiles, and inorganic
compounds, respectively, their concentration ranges, and the fraquency of detection in
water and soll samples, This information was compiled from preliminary data received
from the Phase | Remedial Investlgatlén conducted by Ebasca Services, Incorporate(
As these tables show, the site sells and sediments are contaminated by a complex .
mixture of VOCs (including carbon disulfide, chiorinated ethylenes, and benzene con(c””
pounds), semivolatiles (including pyrene, benzo[a)pyrens, phenanthrene, flucrens,
chrysene, fluoranthens, and acenaphthens), and inorganic compounds (ammonium
thiocyanate, arsenic, copper, cobalt, lead, manganese, mercury, vanadium, and zing)
at widely varying concentrations ranging from approximately 100 ppb to 1 percent, n
the sediments and surface solls, the highest concentrations of these compounds ap-
pear to be located at the southern end of the st near the tanks and chemical plant
building, with lower levels in the northern and eastern portions, Subsurface solls are
also contaminated with similar VOCs, semivolatiles, and inorganic compounds to a
depth of approximataly 10 feet,

The lateral and vertical extent of contamination at the Halby Chemical site Is
complex and variable, The coexistence of various classes of compounds will heavily
Influence the remediation activities chosen for the site. Remediation may require more
than one freatment technology In a treatmer * (rain process. In addition, in sity
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ORIGINAL
(Red)

technologles may be more appropriate than aboveground technologies for treating((i '
and water,

1.3  Technology Descriptions

Since a complex chemical mixture of volz:ts, semivolatile, and Inorganic com»
pounds Is present In soils and sediments at the Halby Chemical site, several treatment
technulogles méy be applicable for remediation of the soll. In the treatability studies, -
described hereln, solidification/stabllization, xanthate flotation, and biological treatment
were each evaluated for applicability as a primary treatment. Low-temperature thermal
desorption was tested as a pretreatment step prior to solidification/stablization,

These studles were designed to evaluate the applicability of these technolagies to treat
the contaminated sails and sediment,

Figure 1-2 presents the overall treatability scheme for this project, and Table 1-6
prasents the experimental plan, Table 1-7 summarizes the analytical testing program
for the soll, water, and treatment residues. ¢

TABLE 1-6. EXPERIMENTAL PLAN

M‘,‘
Xo, of Total ( Cm)

repli= No, of
Natrir Test conditions cates test runs

Low-tenperature thermal Surface sof |/sediment 3 terperatures x
desarption 2 residences

Sol idification/stabi|zae thermal residues 2 binders x 2 alx
tion + ratios ¢ 4 blanks

s?ldlﬂmiwnablllu- Surface soll/sediment 1 binder x 2 mix ratios
tion
Xanthate flotation Surface soll/sediment 1 reagent/frother

Biodegredation Sediment/ground water 2 trestmnts ¢
compos {te 2 controls

Sok from the Halby site was subjected to physical, chemical, and biclogical
characterization tests to delineate the soll characteristics that may Influence treatment
effectiveness, Each separate soil sample (surface soll and sediment) was homo-
genized prior to chemical analysls and testing to ensure that representative samples
were tested for each technology and that the results from those technologles with
slmllar .sggnlng matrices could be compared. The sail was analyzachfyﬁ ée}egtéist of 1

W




LowTemperature
Thermel Dasorption

i

Xanthute
Fiotation

Solkification
Stabllzation

Figure 1-2, Ovarview of freatabllity schema.

1-9

Solldification/
Stabliization
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indicator compounds (Table 1-7) to provide Initial concentration data for determining
the effectiveness of the technologles. The surface soll and sediment also were
analyzed for microbial activity to assess the applicability of biodegradation.

The low-temperature thermal desorption studies were performed at two tem-
peratures and two residence times. The VOC, semivolatile, and metal indicator com-
pounds were measured In the soil residues from all tests. Duplicate test runs were
conducted on soil samples with high concentrations of VOC and semivolatile
contaminants (i.e., a worst-case scenario).

The solidification/stabilizatlon studies of residue from low-temperature thermal
desorption involved two binders [asphalt and portland cement (Type Il)] at two dif-
ferent mix ratios, Solidification/stabilization of untreated surface solls and sediments
involved one binder (cement) at two different mix ratios. Duplicate test runs were con-
ducted. The unstabilized solf and the stabilized products (including four blanks) were’
subjected to leaching by TCLR, and the extracts were analyzed for the metal indicator
compbunds.

Xanthates are the reaction products of carbon disulfide, alcchol and an alkali-
metal hydroxide. The Initlal alcohol/hydroxide reaction forms an alkoxide, which then
reacts with carbon disulfide to give the alkall-metal xanthate, Alkall metal xanthate
salts are soluble In water and readlly decompose in acldic environments to liberate
carbon disulfide and the correspanding alcahol, Xanthates are used extensively in the
minerals processing industry as collectors in the selective separation of nonferrous
metal sulfide ores from gangue (mixtures of undesirable ores, slicates, and non-ore
material). This process exploits a surface chemistry phenomenon, where the xanthate
compound selectively coats the metal sulfide particle, increasing its
hydrophobicity and affinity to gas bubbles. The bubbles lift the metal sulfide particles
- tothe surface, where they can be skimmed off and collected in a separate vessel,
The degree of flotation accomplished Is dependent upon the particular xanthate
chosen and the presence of activators, such as cupric sulfate, or depressants, such
as cyanide salts, Frothing agents can be added 1o enhance the fife of the bubbles
and allow for, & more efficlent separatibns. Although this process has been extensively
used In the r’nining Industry, it has not been previously demonstrated on B&Bx&?a?e& 9
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soils, Nevertheless, the presence of high concentralions of carban disulfide in the (,'~~
surface salls and in aboveground tanks onsite made this mining pracess a candidate Q
for testing at the laboratory screening level using & preformulated xanthate reagent
(potasslum amyl xanthate) with a frothing agent (2-ethylhexancl). The sofl and the
recavered froth were analyzed for the metal indicator compounds.

The biological studles involved an Initlal evaluation of the existing microbial
population in sediment and ground water, followed by a serles of treatments evaluating
the effects of oxygen and nutrients on the indigenous population, Microblal growth
and oxygen consumption were measured 10 evaluate the potential for biological
treatment of carbon disulfide and thiocyanate compounds In sediment and ground

water.
14  Project Objectives

The objective of these treatabllity studies was to determine the applicabliity of
low-temperature thermal desorption, solidification/stabifization, xanthate flotation, an( )
blodegradation for freatment of surface soils and sediments at the Halby Chemical
site. The laboretory screening studles were designed o determine the applicability o('Q:)
these technologies quickly and relatively inexpensively; they were not designed to eval-
uate process parameters or to develop cost data,

Table 1-8 summarizes the treatment objectives for the varlous indlcator com-
pounds, which are the primary contaminants of concern at the site, Thesae objsctives
are based on human health and environmental risks (sof]), and previous experlence for
ihe tests (TCLP extract and UCS). Tha tesling and characterization program for each
tachnolegy Is discussed In more detall In Sections 4 through 7.

Data generated under this work assignment will be used by Regien il fo identify
those technologles that are potentially applicable for remediation of the Halby Chemi-
cal Superfund site, The data will be uised to screen out technalogles that do not dem-
onstrate effective removal of contaminants from the soil, and to retain those
technologles that either result In a significant reduction in contamination or, In the case
of bl?lpglcal treatment, indicate the potentlal for significant reductloa ﬁf acanéa?\iaeé\t({
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TABLE 1-0. TREAVMENT ORJECTIVES FOR TREATARILITY SNDIES

Indicator compound Soii*

Semivolatiles (lcu-temperature
thermel desorption)

fenzo(elpyrene
Chrysene
flucranthene
fenzo(b)fluorsnthens
Benzo(k)fluoranthene

Hetals (solidification/stebilization
ond xsnthate flotation)

Arsenic 50 m/kg
Cobalt 1,000 mg/kg?

Copper 300 m!/kl
Chromium NS

Zine 260 mg/kg
Nercury ' 1 me/kg
Physical parameters (solidification/stebilization)
yncont {ned comprensive strangth_ , 50 pol® _
Tavals for sediments In the marsh area next co the Aaiby site, except

b Arbitrary values set for study,

€ Based on 10 humen health risk Levets,
d NA = Kot applicable,
¢ Saned on praliminary target clesnup Levels for human health (EBASCO 2/90),

NS = Not specified,

levels. Depending on results of the laboratory testing, the data may be used to select
a remedy for the site to be included in the record of decision (ROD) due in December
1990, or to identify further studies necessary for more in-depth evaluation of these
technologies. The less-stringent data quality objectives and statistical designs assocl-
ated with laboratory screening could result in a potentially applicable alternative being
rejected or a nonapplicable alternative being retained for further testing, The risk of
this oceurring, however, is acceptable in light of the cost and time savings associated
with faboratory screening treatability studies,
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SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

Based an these preliminary stuﬁles, the following overall conclusions are drawn;

o Bacteria capable of degrading carbon disuifide and thiocyanate com-
pounds are present in the soils under asrobic conditions with sufficient
nutrient supply. The presence, growth and metabolism of aerobic car-
bon disulfide and thioccyanate degraders suggest the possibllity of using
an aboveground bioreactor treatment system. Further studies are need-
ed to more fully evaluate the performance of bicremediation,

Xanthate flotation/separation of heavy metals from soils was not
successful under the limited experimental conditions tested.

While low-temperature thermai desorption at temperatures between 300°
and 500°F and between 15 and 30 minutes residence time can success-
fully remove VOCs and semivolatile organic compounds fram sails, it
may not be needed as a pretreatment step prior to solidification/stabiliza-
tion.

The solls, themselves, do not leach metals at appreciable levels under
TCLP test conditions. However, among the two binders tested, asphait
binder appears to be the better binder material for reducing leachate
concentrations of the metal indicator compounds, atthough dilution of
soils by the binder was not taken into account. Additional feasibility and
treatability studles are needed if solidification/stabilization is deemed
necessary to reduce metal leaching from soils to surface and ground
water.

The following additional studies are recommended prior to selecting a final
remedy for solls at the Halby Chemical site;

AR302788




PEUNCH
{Pq.f‘

Further xanthate flotation laboratory studies examining the effects of (10
mixing speeds, (2) particles size, (3) water to solids mix ration, (4) ’

xanthate flotation agent and concentration, and (5) frother concentration/

bubbler flow speeds.

Additional TCLP or other leach testing (preferably a multiple waste extrac-
tion test or dynamic, long-term leach study) of solls to adequately deter-
mine the need for solidficetion/stabilization to reduce the leaching of
metals from the solls to the surface and ground waters,

Upon determining the need for solidification/stabilization of solls, perform
feasiblity analysis comparing costs for cement-based and asphalt-based
solidification/stabllization processes taking into account the “sed for
de~atering prior to using asphalt, Upon determining the m 3 feasible
sol.fification/stabllization process, perform additional benct. .cale studies
evaluating leachate levels of semivalatile and metal indicator compounds,
and VOC emissions during mixing, at binder to soil mix ratios between
0.5 and 0.25 (for asphatt) or between 0.24 and 0.40 (for cement).

These additional studies could not be performed under the existing scope and
budget, but they are needed to build upon data presented in thig paper and to help
further refine the design, cost and performance for soll treatment alternatives.
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SECTION 3
FIELD SAMPLE COLLECTION AND SAMPLE PREPARATION

On April 10 and 11, 1990, PEI, together with EPA/ERT, collected surface
solls/sediments, subsurface soils, and ground water for the treatability studles, Be-
cause of uncertainties in the avallable analytical data, solls ware analyzed for selected
metals in the field by EPA/ERT's contractor, Roy F. Weston, using an X-ray fluores-
cence (XRF) spectrometer. This field analytical procedure was used to select soll
sampling locations and to assure that the treatability study samples had metal cancen-
trations representing general site contamination.

This section presents the approach and procedures that were used to collect
samples in the field and to prepare samples for the treatabllity studies, Subsection 3.1
summarizes the overall sampling program and objectives, Subsection 3.2 covers the
basis for selecting field sampling sites. Subsection 3.3 discusses procedures for
collecting samples, sampling equipment, equipment decontamination, sample
quantities, sample logging and documentation, sample preservation, and shipping
procedures, Subsection 3.4 describes the manner in which field-activity-generated
wastes were managed. Subsection 3.5 discusses proceduras used to homogenize
the samples to the extent practical prior to instituting treatability experiments.

3.1  Objectives of Fieid Sample Coflection Pragram

The general objective of the field sample collection program was to callect scil
and water samples from the Halby site necessary for the completion of treatability
studies, Sufficlent quantities of material were collected to conduct treatabllity studies
and physical-chemical characterization tests on materials ranging from average to
warst-case concentrations of volatile and semivolatile organic and inorganic indicator
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compounds. The sample collection procedures were conducted to minimize losses
volatlle constituents so that samples would be representatives of general conditions
present on site,

Table 3-1 gives an overview of the field sampling program for each technology.
Surface soll/sediment samples were callected for the low-temperature thermal desbrp-
tion, solidification/stabilization, xanthate flotation, and bialogical treatment studies.
Subsurface soll samples were also collected in case EPA wished to conduct additional
treatabllity studies (e.g., soit washing). Groundwater samples were collected for bio-
logical treatment studies,

TABLE 3-1. OVERVIEW OF FIELD SAMPLING PROGRAM FOR EACH TECKNOLOGY

Semple, Swpley, Sample
Jreatment _technology matrices quantity location

Lowstemparature thermal desorption and solidifice 558 7.2k §68-L
ation/stabilization

Kenthate flotation 588 2k §58-X

Other treatability studies suns 8.5 kg K083

sological trastwent 51 1.5 kg s ()
] M-8

4 liters

$83 = Surfece soil/sediments (0 to 2 ft); SUBS = subsurface sofl (2 to & ft); GW » ground water.
Excess quentity of sample was collected to allow for contingencies,

Ses Figure 3«1 for sample locatfone, X = xenthate; L » {ow-tesperature thermel desorption; -8 = soil
washing; -0 = biological,

32 Selection of Sampling Sites for Treatahility Testing

In selecting sampling sites at Halby for the treatability studies, the following is-
sues were considered:

° Distribution of site contaminants and contaminant concentrations,
° Site characteristics limiting access to sample locations.

These issues were discussed in the Revised Quality Assurance Project Plan (QAPJP)
for this project (April 1990) and are not repeated here.

Figure 3-1 shows the locations of the selected sampling sites, Groundwater
samples for the biclogical treatment studies (GW-B8) were collecteﬁ from the on-site
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monitoring well (SMW-01). Surtace sail/sediment samples for the low-temperature Q
thermal desorption, xanthate flotation, and blological treatment studles (SSS-L, SSS-X,
and SSS-B) were collected from the drainage ditch and in the plant area near the
aboveground storage tanks. The subsurface soll samples for other treatability studies
(SUB-S) were collected from two paints in the lagoon north of the plant area,

Because of the uncertainty in the actual chemical concentrations at these selected
locatians, field analytical screening techniques (X-ray fluorescence spectroscopy and
organic vapor monitoring) were used to verify the presence of metels and volatiles in
the collected samples,

33 Fleld Sampling and Analysis Procedures

The following topics associated with fleld sampling activities are discussed sep-
arately below:

° Sample quantities required, sample containers, and preservation or (Sub-
section 3.3.1)
Sampiing methods (subsection 3.3.2)
Fleld analytical screening methods (Subsection 3.3.3) Cy

Equipment decantamination (Subsection 3.3.4)

Table 3-2 lists the sample quantities required for individual digestion procedures
and those requested by the laboratory for test material characterization, The amounts
requested by the laboratory are greater to accommodate the necessery quality assur-
ance/quallty control (QA/QC) procedures. Table 3-3 presents the total amounts of
soil and ground water that were callected for the Initial soil characterization and for
evaluetion of each treatability technology.

The swiface soil/sediment samples for the low-temperature thermal desorption,
solidification/stabilization, and xanthate flotation studies (SSS-L and SSS-X) were
collected in a single 30-gallon steel drum. The subsurface sall samples for the
additional treatahliity studies (SUB-S) were callected In two 5-galion steel containers.
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TABLE 3-2, QUANTITY OF MATERIAL REQUIRED FOR INDIVIDUAL SAMPLE ANALYSES

Quantity needed for .Quantity requested by laboratory
Parsmeter Matrix digestion

volatiles Solid 59 Two 4«0z jars

Semivolatiles Solid 304 8 oz total for semivolatiles, metals, snd
other {norgenice

Metals Solid 8 oz total for semivolatiles, metals, and
. other {nargenics

other inarganics Solid
Cyanide 8 oz totai for semivolatiies, metals, snd
Amwonia other inorgenics

Physical Solid ' 1 ke

Leach testing Solfd
{TCLP)

fiological Solid
Volatiles Liquid
Semivolatiles Liquid

Metals Liquid
Arsenic
Others

other {narganics Liquid
Cyanide
Ammon{a
Riological Liquid
* WA u Kot applicable,
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TAME 3-3. TOTAL QUANTITY OF MATERIAL REQUIRED FOR ANALYSIS AD TESTING

Surface Subsurface Ground
s0{l/sedi- woil, kg water,
Technology mont, kg \iters

Lowstemparature thermal desorption
Initial physical characterization
Initial chemical characterization (including TCLP)
Traatabil{ty tests, 8 runs at 0.8 kg/run

Sol{dification/atabilization (thermal residues)
Characterization of {ow-temperature

thermai desorption resfdue (including TCLP)

Treatabil{ty tests, 16 samples (UCS and TCLP)

Solidification/stabilization (untreated soil)
Inftial physfcal charscterization
Initial chemical charscterization (including TCLP)
Treatability tests, 8 samples (UCS and TCLP)

Xanthate flotation
Initial chemical cheracterization (including TCLP)
Initial physical charscterization
Treatabi ity tests, 4 runs at 0.2 kg/run

Other treatability studies (sofl washing)
initial chemical characterization (inciuding TCLP)
Initial physical charscter{zation
Soil sieving
Treatability tests, 12 rune at 0,4 kg/run

8iodegradation
Nlological characterization
Trestability tests 8 rung

Total
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All sample containers were filed and sealed in a manner which minimizes head-
space, All samples were kept coo! prior to and during shipment to the testing facilit-

les.

332 Sampling Methods

The sampling and field screening equipment used for abtaining samples from
Halby site are fisted in Table 3-4. The Standard Operating Procedure far collecting
solid and aqueous samples at the Halby Chemical site is provided in Appendix B-5,

TABMLE 3-4. FIELD SAMPLING A AMALYSIS EQUIPMENT

Sompling/analysis equipment
Stesl rouwd-point shavel or other trenching shovel
Stesl harxicoring device and scoope
Steel hand suger or post-hole digger (lwan: typc)
Teflon bajlers
Portable photoionization detector (11.7ev l-vp)
Plastic tarp
¥ood planks .
X-ray fluorescence detector, sfeves, microwave oven

Sample containers
Stoal buckets (5 gallons) with locking Lids
Prectesned preaterilized sample containers
1-gallon brown glass jugs
J-gallon wide-mouth glass jers
00T 17H open~head steel drum

Decontamination oqulpunt.
Alconox

Mathanol
Distilled or defonized water
Top vater
Srushes/scrubbers
Paile
Plastic tarp
'I('ruh|bm
uipes
Plaatic tube

Sample packing equipmen
Sample cooler (lhock mlmnt)
[ lu/dry ]
Packing
mm -mm- (varmicul {te/wood chipe)
Plastic bege
Appropriate mnifest, shipping forss, and labele, custody seals

Personal protection equipment
As vequired by Site Health snd Safety Plan

* provided by EPA Emargency Response Team (EAT) contractor,
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Surface Soll/Sediment Sampiing- @)

Three surface soil/sediment samples were callected and placed into a 30-gallan
DOT 17H open-head steel drum--one each for low-temperature thermal desorption and
solidification/stabllization of residue (15.0 kg), solidification/stabilization of untreated
solls (4.8 kg), and xanthate fiotation treatment (2.5 kg). The surface soil/sediment
sample collected for bialogical treatment (1.5 kg) was placed into a 3-gallon, wide-
mouth, sterlized jar. The location of these surface soil/sediment samples was in the
southeastern corner of the site near the tanks and chemical plant (Figure 3-1) and in

the drainage ditch, Excess sample was collected in each case in order to fill the
sample containers and to provide excess sémple for additional analyses or tests,
Surface sall/sediment samples were taken at depths of 0 to 2 feet using steel shovels
and stainless steel scoops or spoons. The 30-gallon drum was completely filed with
surface soil/sediment and sealed. Samples collected In the field for the biological
treatment studies (SSS-B, GW-B) were stored in precleaned, sterilized sample contain-
ers fited with Teflon-lined lids. Special care was taken to minimize sample container )

v §

contamination and exposure of the samples to light, alr, and dust during sampling.
Subsurface Soil Sampling-

One 9.0-kg subsurface soll sample was collected for other treatability studies
and placed in two 5-gallon steel containers. This sample was collected from the
lagoon area indicated In Figure 3-1. The sample was collected with an auger ata
depth of 2 to 4 feet below the ground surface, Samples quantities collected were in
excess of 9 kg, in order to completely fill the two S-gallon stee drums,

Ground-Water Sampling-

A 4-iter ground water sample for biodegradation was collected from Monitering
Well SMW-01, which has been identified as having the highest concentrations of
volatlle, semivolatile, and inorganic contaminants, According to the standard operating
procedure provided in Appendix B-5, a baller was used to collect a groundwater sa-
mp!e after the well was purged, Four well volumes were withdrawn from the well prior

AR302797




to collscting the groundwater sample.

Subsequent to sample coliection, the samples were delivered to EPA/ERT's
contractor, Roy F. Westan, for on-site X-Ray Fluorescence (XRF) analyslé. Samples
were dried in a microwave oven, sieved through a 20 mesh sleve, and homogenized
before analysis. XRF results were used to identily the tollowing elements in the site
salls: zinc, lead, chramium, copper, and arsenic, Analyte values were determined by
using a generic hezardous waste soil callbration madei standard, Since this calibration
model did not utilize site specific soll standards, values were reported as estimates
rather than as actual concentrations, A second calibration model was used to
recalculate values for lead from the sample spectra. All results were reported in parts
per milllon (ppm). Appendix D contains results obtained from the field XRF Iinstrument,

3.3.4 Equipment Decontamination

All nondisposable sampling equipment used at the Halby site was decontami-
nated using the following methed:

Wash and scrub with low-phosphate detergent.

Rinse with tap water.

Rinse with 10 percent nitric acid.

Rinse with tap water,

Rings with methanol,

Rinse with delonized water.

Alr dry.

Wrap in aluminum fall for transport to sampling locations,

These steps were followed prior to each use and after the last use. Care was taken to
avoid contact of the foil-wrapped sambllng equipment with the ground.

34  Fleid-Sampiing-Derived Waste Management
Wastes gonerated during the sampling activitles lncludeq:
0 Disposable equipment

0 Used decontamination salutions
o Sample residuals
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Disposable equipment (e.g., plastic gloves, Tyvek suits, broken containers)
contaminated with site sediments or water were put in sealed plastic bags and placed
in a 55-gallon (DOT 17H open-top) drum designated for disposable equipment, De-
contamination solutions were captured and placed in a §5-galion (DOT 17H open-top)
drum clesignated for decontamination fluids, The drums were sealed at the end of
sampling and labeled in accordance with applicable regulations. The drums are cur-
rently stored in the process plant area,

Sample residuals generated at the site during field analysis using X-ray fluores-
cence spectroscopy were placed back on site after analysis. Sample residuals gen-
erated at the EPA Testing and Evaluation (T&E) facllity after the treatability studies
were conducted will be disposed of at an approved and permitted off site facilty.

35 Sample Preparation Procedures

Surface soll/sediment samples collected for the low-temperature thermal de-
sarption, solldification/stabilization, and xanthate studies were placed unmixed in a
30-gallon steel open-head drum and shipped to the EPA T&E facility in Cincinnati, Q‘,

Onhio, in accordance with DOT shipping and hazardous waste manifest codes. These ’
samples were unioaded at the T&E facility and placed in an insulated drum overpack
with dry ice for cooling in the drum storage area of the facility.

The treatability study samples were extracted from the open-head drum and
homogenized prior ta waste characterization analysis and treatability testing, An alu-
minum scoop was used to place samples in stainless steel pans under the laboratory
hood for homogenization. Large fragments and debris were removed by hand from
the pans during mixing and placed back in the steel drum. The soils were mixed until
they appeared to be of uniform color and texture, The mixing time did not exceed 15
minutes 80 as to minimize valatile losses during this step, Stalnless steel spoons were
used to transfer the soils from the pans to the testing apparatus or the appropriate
sample containers for analysis,

The sediment and ground water samples collected for the biological studies
were packed In a sample cooler, and shipped to IT Corporation's Biotechology Center
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in Knoxville, Tennessee In accordance with procedures outiined in PEI's revised QAPIP
(Apri, 1990). These samples were recsived by IT laboratory personnel on April 13,
1990 and stored at 4°C,

Prior to biological testing, ground water was with drawn from the container
using a sterilized, pre-cleaned pipette. Soil samples were withdrawn with a stainless
steel scoop and manually mixed and pulverized with a mortar and pestie, The
pulverized soil was then screened to remove any large, gravel-sized particles.
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SECTION 4
BIOLOGICAL STUDIES

In this treatability study, microblal activity and environmental conditions that
favor biodegradation of carbon disulfide and thiocyanate compounds were evaluated
to assess the applicability of biclogical treatment of soils and water. This section pras-
ents the averall approach in Subsection 4.1 and the results of the test in Subsection
4.2,

41  Treatabiity Study Approach

Figure 4-1 illustrates the treatability study approach. The biological studies
invoived an Initial evaluation of the existing micrabial population in soil and ground
water, followed by a series of treatments evaluating the effects of oxygen and nutrients
on the indigsnous population. Microbial growth and oxygen consumption were mea-
sured to evaluate the potential for biclogical treatment of carbon disulfide and ammoni-
um thiocyanate in sails and ground water.

The following subsections describe the test objectives and rationale (Subsection
4,1.1), experimental design and procedures (Subsection 4.1.2), equipment and mate-
rials (Subsection 4.1.3), laboratory sampling and analysis performed (Subsection
4.1.4), management of data collected (Subsection 4.1,5), and deviations from the
QAPP (Subsection 4.1.6).

The Immediate test objective of the biological studies was to determine the ab-
sence or presence of sulfide- and thiocyanate-specific degraders in sufficient numbers
to justify a full treatability assessment. The overall aim was to evaluate the patential of
| fRT8%%501
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the site for supporting a remediation program based on the principles of microbial
degradation. The purpose of the study was not to determine guidelines
to implement a bloremediation program on site, but rather to determine the presence
or absence of specific carbon disulfids- and thiocyanate-degrading micraarganisms.
Site remediation by microbial degradation is highly site-specific, and the tech-
nology requires that important factors affecting bloremediation (e.g., contaminant-
specific degraders in sufficent numbers, low concentrations of compounds highly toxic
to the microbes) be Identified before a complets treatability assessment can be
Justified.

Prior to testing, all samples were stored at 4°C. Water samples were taken by
pipette. Soll sediment samples were prepared by mixing manually, air drying the sam-
ple in a chemical hood, pulverizing the sample with a martar and pestle, and using a
sieve to remove large gravel particles. Finally, the samples were analyzed for nitrogen
(as ammania), phosphate (as orthophosphate), and pH. Preparation of sediment

samples for all other analyses was conducted in an identical manner, with the exclu-
sion of the air-dry step. Sample quantities of sediment and ground water in the mini-
treatability segments were in the ratio of 20 ml water to 2 g wet sediment (10 parts vol-
ume to 1 part weight),

Assessment Study _
The assessment study consisted of the following tests:

1. Microblal enumeration

2. Nutrient analysis

3 pH

4. Total organic carbon (TQC) analysis

The test methods are included in Appendix B-1 and are briefly discussed below.
Microbial enumerations were performed according to Plate Count Method

9215 C [Standard Methods for the Examination of Water and Wastewater (17th ed.)
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1989) with minor modifications for the carbon disulfide and thiocyanate degraders.@
Heterotrophic bacteria were enumerated under both anaerabic and aerabic conditions
using dilute nutrient agar. Thiocyanate degradars were enumerated by adding potas-
sium thiocyanate to the nutrient agar for a final solution concentration of 0.1 percent.
Carbon disuffide degraders were enumerated by adding minera! salts to the nutrient
agar, mixing 1 mi carbon disulfide with 8 mi defonized water In a small beaker, and
placing the nutrient agar plates plus the beaker into a sealed vessel conteining a
carbon disulfide atmosphere. Temperature was meintained at 20°C and the experi-
ments were run for 7 to 14 days.
The nutrient analysis consisted of an evaluation of the nitrogen and phosphate
content of groundwater and lagoon sediment, Nirogen (as ammonia) was analyzed
accarding to Nessterization Method 4500-NH3 C (Standard Methads 1989). Phos-
phate content (as orthophosphate) was determined according to Ascorbic Acid Meth-
od 4500-P E (Standard Methods 1989). !
The pH of all samples was measured using a Corning pH Meter Model 150 w(im] ‘|\
an Orion combination electrode, Al ground-water samples were analyzed for TOC ™
with a Dohrmann DC-80 In accordance with Method 5310 C (Standard Methods 1989).

Mini-treatability Study~

The experimental design for the mini-treatabllity study included four different
treatments of a composite made up of 20 mi water to 2 g wet sediment (10 parts vol-
ume to 1 part weight). A total ot 1.5 kg of sediment and 4 Iiters of ground water were
obtained from the site, [t was not necessary to add sulfide or thiocyanate compounds
to the composite treatments because the concentrations of these contaminants in the
sampies taken from the Halby site were already sufficlently high to conduct the study.
To determine whether native bacteria were present and metabolically active In the
sediment and ground water, the following four treatments were canducted:

I

1) Treatment 1 (aerobic, nutrient amended)--1000 ppm Restore 375™ brand
microbial nutrient was added to the vessel, The head space, which
constitutes 50 percent of the total volume, was filled with alr.
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2)  Treatment 2 (aerabic, not nutrient amended)--No nutrients were added,
the head space was filled with alr,

3)  Treatment 3 (anaerobic, nutrient amended)--1000 ppm nutrients was add-
ed; the head space was purged with helium,

4)  Treatment 4 (killed control)--100 ppm mercuric chloride was added to
inhibit all biological activity, The head space corsisted of alr,

The vessels were sealed with Teflon™-ined silicon septa, The concentration of
oxygen was measured at frequent intervals over a 2-week period. Oxygen gas
samples were collected by taking 50 ul of head space with a gas-tight syringe. The
oxygen content of the gas samples was determined by Injecting the gas sample into a
quantitative oxygen sensor, The four treatments were monitored for cantaminant deg-
radation over a period of 2 weeks, as Indicated by the following parameters:

1) Microbial growth

2)  Oxygen consumption (measure of microbial metabolic activity)

Microbial density was measured at the beginning and end of the study, Micro-
bial density was evaluated using a Quebec Colony Counter with a 2-power magnifying
lens and dark field light source. Oxygen consumption was manitored throughout the
2-week period by withdrawing a sample of gas from vessel headspace using a gas-
tight syringe, and Injecting it into & proprietary quantitative oxygen sensor instrument
described in Graves and Greenbaum (1989). TOC was not measured in the minl-treat-
ability study, because the preparatian steps (Le., sall filtering for injection of filtrate into
analyzer, and soll purging with oxygen) would have driven off significant amounts of
low-molecular-weight organics and invalidate the results, Complete references for the
analytical methods used for the assessment and mini-treatability studles are provided
in Tables 4-1 and 4-2,

4.3 Equipment and Materils

Testing equipment consisted of the standard microbiological materials such as
flasks, test tubes, agar plates, anaerabic jars, and microscopes. Liquid samples were
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TABLE A+t. AMALYTICAL PARAMETERS FOR CHARACTERIZATION OF
GROMDUATER AND SEDTMENT (ASSESSMENT STIOY)

Sewple Sample Nusber of

matrix quentity Analytical parsmater Analytical method” Malyses

Ground- 1t Nicroblal denaity Plate Count Method 9215 C 2
10 at Phosphate Ascorbic Acid A500-p € [}
0al Nitrogen-asmonia Nesatarization 4500-NN3 C 4
2al (1 gmtlm-lnmm Method

water

10t 2] Corning ph Meter Model 150
ni::.wim cosbination alec-
tr

59 Nicrobial deneity Plate Count Mathod 9215 C
59 Phosphate Ascarbic Acid 4500+p &
59 Nitrogen-smmonia Nesslerization 4500-NK3 C

59 -] Corning pH Neter Model 150
with Orfon combination elece
trode e

ALl methods are taken from Standerd ethods for the Exsmination of Water and Vastewater, 17th od., 1989,

Twelve tests were conducted under serobfc conditione and twelve under ansercbic conditions. Within sach
group of mlg, four tests each were conducted for heterotrophs, thiocysnate degraders, end carbon di+
sl Areders,

Three .. - ware conducted under ssrobic conditiona snd three under sneeroblc conditions, with one esch
for heterotrophs, thiocyanate degraders, and carbon disulfide degraders.
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TABLE 4-2,

Semple matrix

Semple quantity

Analytical parameter

AMALYTICAL PARAMETERS USED TO EVALUATE NICROBIAL GROMTH
OM SITE COMTANIMANTS (MIMI-TREATABILITY STIDY) '

CRIGiv,
{Red)

Analytical mthod'

Nurber
of
nalyia

Initial

Treatment Ko, 1
(aerobic,
nutrient smended)

Treatment No, 2
(serobic,
not nutrient-smended)

Treatment No, 3
(anasrobic,
nutrient-smended)

Traatment No, 4
(snasrobic, not
nutrient-amended)

20 ml groundwater
fn 2 g sediment

20 ml groundwater
in 2 9 sediment

20 ml groundwater
in 2 9 sediment

20 ml groundwater
in 2 g sediment

20 mt groundwater
in 2 9 sediment

Nicrobial density

Nicrobial denafty

Oxygen coneumption

Hicrobfal density

Oxygen consumpt {on

Nicrobial density

Oxygen consumption

Hicrobfal denaity

Oxygen consumption

Plate Count Mathod
9215 ¢

Plate Count Nethod
9215 ¢

1

ﬂ:hm and Gresnbaum

(1989),

ology, 90:244-250
Plate Count MWethod
9215 ¢

Graves and Gresnbeum
(1989), plang ehysi-

qlogy, 90:2¢6-250
Plate Count Nethod
9215 ¢

Graves and Gresnbeum

(1589),
glogy, 901246250

Plate Count Method
9215 ¢

Graves and (resnbaum

(1989), P

plant Phypi.
glogy, 90:246-250

Nicrobial denaity snd oxygen coneumption methods are taken from Standard Methods for the Exsmination of
Water and Wastewater, 17th od., 1969,
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obtained using sterlle glass and serological pipettes. Sediment samples were trans-
ferred using stainless steel spatulas. [n the mini-treatability study, oxygen
consumption was measured by withdrawing a sample of gas from vessel headspace
using a gas-tight syringe, and injecting it into a quaﬁtltatlve oxygen sensor.

4.1.4 Sampling and Analysi

Table 4-1 provides information on the analytical parameters used to
characterize the sediment and groundwater. Table 4-2 provides information on the tre-
atment process sampling and analysis,

4.1.5 Data Management

The data management sheets for the biological studies are provided in Appen-
dix A-1. For the agsessment study, analyses of nitrogen (as ammonia), phosphate (as
orthophosphate), TOC, and pH were conducted once for the sediment sample and
once each for the four groundwater samples. Enumerations of aerobic and anaerobic
microorganisms were conducted on the sediment and each of the four groundwater ()
samples for heterotrophs, thiocyanate degraders, and carbon disulfide degraders, for
a total of 30 analyses.

For the mini-treatability study, an initial enumeration was performed, and final
enumerations of heterotrophs, thiocyanate degraders, and carbon disulfide degraders)
were conducted on each of four treatments, for a total of 13 analyses. Oxygen consu-
mption was monitored regularly through the 2-week period,

4.1.6 Devigtions From the QAPIP

Treatment 3, containing the helium atmosphere, failed to maintain an oxygen-
free atmosphere for the duration of the 14-day test period, Sllicon and Teflon are
highly permeable to oxygen, so the failure may have been caused by the ditfusion of
almospheric gases through the sllicon septum, It may also have been caused by the
ditfusion of oxygen from the liquid phase, or by a leak resulting from sampling through
ihe septum. Strictly anaerobic conditions wera therefore not maintained for this treat-
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4.2 Results and Discussion

The following discussion presents the results of the assessment and mini-treat-
abllity studies, including data analysis and interpretation, quality assurance/quality con-
trol, costs/schedule for performing the studies, and key contacts.

The results of the study indicated that bacteria capable of degrading thiocyan-
ate and carbon disulfide are present in the sediment and groundwater, Micrabial
growth of heterotrophs, carbon disulfide and this cyanate degraders, and respiration
were also demonstrated under aerabie, nutrient-amended conditions, Only
heterotrophs and carbon disulfide degrader populations grew under anaerobic condi-
tions. Tables 4-3 through 4-6 present results from the assessment analyses. Table 4-
7 and Figure 4-2 gives results from the four treatment runs, Table 4-7 provides the mi-
crobiel population counts for heterotrophs, thiocyanate degraders, and carbon disulf-
ide degraders in each of the four treatments, Figure 4-2 llustrates the cumulative con-
sumption of oxygen In Treatments 1, 2, and 4. While oxygen levels in Treatment 3
(anaerobic test runs) were monitored, the results are not shown on Figure 4-2, be-
cause oxygen cansumption is not a valid parameter for measuring metabolism of an-
aerobes. The variabiiity of data pointé is a reflection of the variabllity assoclated with
the injection and sample callection techniques.

Although the microbial density in ground water was low, indigenous microbes
were shown to grow in response o the addition of nutrients and oxygen. Further in-
vestigations are necessary to confirm the initial results, to determine the feasibility of
implementing bloremediation at the site, and to select the treatment scenario that wil
be best suited to the particular set of conditions at the site, The presence of specific
compound-degrading bacteria suggests the possibility of treating site water and sedi-
ment in an above-ground bioreactor treatment system.
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JABLE 4-3, [WORGANIC MUTRIENT COMCENTRATION AMD pi OF SITE SAMPLES
S
Smple Orthophosphate Ammon|a

Serliment 190 49 5.9
Water-1 L8 201 [}
Water-2 o 19 6,3
Water-3 QL m 4.3
ater-4 U M 63

TABLE 4-4. TOTAL ORGANIC CARSON CONTENT OF SITE GROUND-WATER SAWPLES

total carbon, wg/mh. Total inorganic car- Total orgenic carbon,
Sample bon, ug/nt,

Water! 436 18 252
Nater2 463 210 255 (:,v
Nater<3 an FiH] Fiig
vater-d 488 210 260

TADLE 4-3.  AEROBIC NICROBIAL EMMEMATION
Saple Haterotrophs Thiocysnate degraders S, degraders
Sediment 290,000 ' 28,000 26,000
vater-1 180 ot detected
water-2 1,000 Kot detected
Vater=3 70 Not detected
_bater-4 130 Kot _detected

* oate recorded e colony=forming units per milliLiter of ground water or grem dey
weight sediment,
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TABLE 4-6. AMAEROBIC MICROBIAL E“MTIM‘

Thiocysnate
Sample Hetsrotrophs degraders (5, degraders

Sediment 40,000 Not detected 75,000
vater~4 140 Not detected Hot detected
Vatere2 1,300 Not detected 120
Water-3 430 Not detected 20
Nateré 290 Hot detected 120

' Oata recarded as colonysforming unfts per millititer groundvster or gram dry
weight sediment.

TABLE 4-7. MWICROBIAL EMMNERATIONS FOR THE IMVESTIGATION OF BIOLOGICAL
ACTIVITY IN SEDINENT AND GROUND-MATER SLURRIES

Swmple Heteratrophs Thiocysnate degraders S, degraders
Initial (faasibility) bk x 10° L2510 o x 0t

Hutrients ¢ 0, 1.8 x 10* 1.6 x 10° 2.5 x 107
(Treatment 1)

0, (Treatment 2) 1.7 % 10° nix 75t

Anaarobic 5.5 % 107 1x10° 5.2 % 10°
(Treatment 3)

Blological~inhibited 9.5 x 10/ 2x 104 8.5 x 10°
(Traatment 4)

' Data are presented as colony-forming units per milliliter of slurry;
treatments are described in the taxt,
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Figure 4-2, Oxygen consumption data by water-sediment slurries. Air controlis a
standard obtained by quantifying the oxygen content in air at each sampling point,
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The following interpretations were drawn from the results of the preliminary as-

sessment (see Table 4-3 through 4-6):

1) The pH of the site ground water was within the range generally consid-
ered suitable for bicremediation, The pH of the sediment was fow but
not seriously acidic.,

Ground water was deficient in phosphate.

Aerobic organisms were, detected in the sediment sample, The microbial
population was very low in ground water samples. Thiocyanate and car-
bon disulfide degraders comprised approximately 10 percent of the total
microblal population found in the sediment sample. Low levels of carbon
disuifide degraders were found in ground water.

Anaerobic microbes were detected in sediment and ground water, A
high concentration of carbon disulfide degraders was observed in the
sediment sample, No anaerobic thiocyanate degraders were observed.

5)  Metabalic activity and microbial growth were abserved on the organic
carbon contalned in the site samples.

The data provided in Table 4-7 show an increase In microbial population size
following nutrient and oxygen enrichment (Treatment 1). The heterotraphic population
density increased with each treatment. Treatment 3 (anaerobic, nutrient amended) is
not a valid assessment of the increase in anaerobes because of the leakage of oxygen
Into the treatment vessel, however, the presence of oxygen probably inhibited the
growth of anaerobic microorganisms in this treatment. Microbes from this treatment
were enumerated under aerabic conditions,

The increased micrabial density in the biologically inhibited vessel (Treatment 4)
is probably a resutt of the presence of mercury-resistant organisms, This phenome-
non has been observed In other studies. The lack of growth of thiocyanate degraders
in this treatment indicates that this subpopulation of degrading microorganisms was
unable to grow in the presence of mercury, Oxygen and nutrient deficlency also
affected the growth of thiocyanate degraders (Treatment 2), The results of these ex-
periments indicate that nutrient addition stimulates the growth and metabolism of de-
grading microbes (Treatments 1 and 3), Based on the microbial enumerations pre-

AR302813
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sented In Tables 4-5 (aerobic) ana 4-6 (anaerobic), oxygen and nutrients were re- Q
quired to support the growth of thiocyanate degraders, which appear to be obligate
aerobes (obligate aerobes have metabolic pathways that renuire oxygen to function).

The objective of this study was to determine whether sufficient numbers of
contaminant-specific microorganisms exist on site to justify additional studles, The of
the analyses indicate that sultable numbers of sulfide and thiocyanate-degrading mi-
craorganisms are present In salls to justify canducting a detailed treatability assess-
ment,

422 Quallty Assurance/Quality Control

One biclogically inhibited control was run for the mini-treatability study. Microbi.
al denstties for the sterlized contro! indicated the presence of mercury-resistant strains
of microorganisms. Duplicate treatment runs were not performed at this stage.

Samples were taken at the Halby site on April 10, 1890, and received at the ITC,

Blological Center (located In Knoxville, Tennesses) on April 12, 1990, Analyses were
completed and a preliminary report submitted on May 17, 1990, Total costs for per-
forming the assessment and mini-treatability studies were $7300.

424 Koy Contacts

The following key personnel may be cantacted for additional information
concerning the biclogical studies:

Or. Duane Graves Ms. Roxanne B, Sukal
IT Corporation , PEI Associates, Inc.
Blotechnology Center 15 Elmwood Place
312 Directors Drive Athens, OH 45701
Knoxville, TN 37923 (614) 592-2580

(615) 690-3211
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SECTION 5
XANTHATE FLOTATION

In this labaratory screening study, xanthate flotation was investigated as a
chemical treatment for metals In soils. This section presents a detalled discussion of
the approach (Subsection 5.1) and results (Subsection 5.2} of the xanthate flotation/
separation study.

5.1 Treatability Study Approach

Figure 5-1 llustrates the treatability study approach. Deionized water containing
an alkyl xanthate salt was added to homogenized soil, along with a frothing agent.
The mixture was stirred and alr was bubbled through the solution to facilitate flotation
and separation of the insaluble metal sulfide particles from the salls, The frath was
then skimmed from the surface and collected in a flask.

The following subsections describe the test objectives (Subsection 5.1.1),
experimental design and procedures (Subsection 5.1.2), equipment and materials
(Subsection 5.1.3), and sampling and anafysis (Subsection 5.1.4).

5.1.1 Test Objectives and Rationale

No reference to this procedure belng investigated as a treatment for hazardous
waste was Identified In the literature, Consequently, the anly test objective set for this
study was to demanstrate a reduction in the concentrations of metals In the
soll/sediment, Any reduction would signify that the process does separate metal
contaminants from the soil and that further bench-scale investigations would be
appropriate.

AR302815




Figure 5-1. Flow diagram of xanthate flotation.
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The design of this experiment was very simple as illustrated in Figure 5-2,
Untreated soll was mixed with deionized water and potassium amyl xanthate in a 4-liter
heavy-duty glass beaker. A frothing agent, 2-ethylhexanol, was also added to the
beaker, The mixture was stirred and air was bubbled through to facllitate flotation of
the insoluble metal sulfides present. The froth was then skimmed from the surface
and collected. Figure 5-2 presents a diagram of the flotation cell. The complete,
detailed experimental procedure is presented in Appendix B-2,

5..3 Equipment and Materialg
The equipment used in this study included a mechanical stirrer, a varlable-
volume air pump with Teflon tubing and a glass bead bubbler, and a 4-liter flask to

serve as the flotation cell,
The potassium amyl xanthate was provided by American Cyanamid Company

as their product AERQ 350, It Is supplied in pellet form. The frother, 2-ethylhexanal,
was also pravided by American Cyanamid as AEROFROTH 88,

5.1.4 Samping and Analysia

Two eight-ounce samples of the raw soil/sediment were taken for analysis of
meta! Indicator compounds prior to treatment. After treatment, one eight-ounce
sample of treated soll/sediment was callected for each of the two runs. In addition,
one eight-ounce sample of frath was collected from the second run,

The samples were stored at 4°C and sent to the laboratory for analyses of
metal indicator compounds,

5.1.5 Data Management
Complete notes were taken during the laberatory study and are presented in
Appendix A-2,
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51,6 Devigtions From the QAP|P

The QAPJP for this study presented the standard operating procedure (SOP) for
xanthate fictation, Deviations from this SOP are summarized in Table -1
TABLE S-1., DEVIATIONS FROM BOP

S0P Actual
var{sble/parsmeter fun M Run 1 Run # Run #2

Ratfo of defonfzed 2 a1 3.5 3.5
uater added to soll

Amount of xenthate 1 pellet 1 pollet 5 peilets 8 peltets
added (45 9 (X'}

amount of frother None 1 drop 16 drops 16 drops
added (=1 ml) "1 al)

puration of treutment 15 min 15 min 40 min 3 min

The quantitles of reagents were increased due to the lack of froth appearing on
the surface, The xanthate dose rate supplied by the manufacturer is 25 to 250
g/metric ton ore. To treat 500 g of soil, no more than 0.125 g (1 typica! pellet) of
xanthate should have been required. Up to 0.72 g was added with no appreciable in-
crease in frothing. A large excess of frother was used; however, this too was not
helpful. Attempts to mechanically increase the production of froth--increased stirring
rates and durations--were also unsuccessful,

5.2 Results and Discussions

The f6llowing discussion presents the results and data interpretation (Sub-
section 5,.2.1) and costs/schedule for performing treatability study (Section 6.2.2) as
well as key contacts (Section 5.2.3). Because these were preliminary studies, no
quality assurance/quallty control treatment runs or analyses were performed, and
therefore, no discussion is presented for these studies.

Although several attempts were made to encourage long-lasting frothing action,
no significant froth was observed, and therefore, no apparent separation of metal
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particles from the sall. Consequently, no chemical analysis was performed on the O
treated and untreated solls.

The negative results from the study may have occurred as a result of one or
several of the following factors:

o Inadequate equipment for mixing and bubbling action;
° Too great a liquid to solids mix ratio;
° Prasence of too little (or no) metal sutfide particles in the soil for flotation;

° Too small partlcle'size or too little xanthate reagent to effect reaction
between xanthate and metal particle.
Further jar studies may be necessary to determine whether the flotation process
did not work as a resutt of the equipment and experimental design or because of a
tack of chemical reaction between the xanthates and metals in solls.

The costs for performing the xanthate studies were $1500, including IaboratorC:)

testing, equipment and materials, and report preparation. The study was performed in
one wesk,

523 Key Contacts
The following people were invalvett-n the testing and analysis of xanthate
flotation:

Greg McNelly

PE! Assoclates, Inc.
11488 Chester Road
Cincinnati, OH 45248
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SECTION 6

LOW-TEMPERATURE THERMAL DESORPTION STUDIES

In this treatability study, low-temperature thermal desorption (LTTD) was evalu-
ated as a pretreatment process thet removes those volatile contaminants that may
interfere with the stabilization/salidification process. This section presents a detailed
discussion of the approach (Subsection 6.1) and resuits (Subsection 6.2) of the low-
temperature thermal desorption studies.

6.1 Treatability Study Approach

Figure 6-1 llustrates the treatability study approach, The LTTD studies were
performed at two temperatures (300° and 500°F) and two residence times (15 and 30
minutes). These test runs were performed in duplicate. The VOC, semivolatile, and
metal indicator compounds were measured in both the soils and the solid residues
from all test runs. In addition, the candensate collected from the 500°F/30-minute test
runs was also analyzed for VOC, semivolatile, and metal indicator compaunds.

The following information describes the objectives of tests performed, experi-
mental design and procedures, analyses performed, and management of data collect-
ed during the low-temperature thermal-desorption pracess of the soil samples.

The test objective for the LTTD studies was to reduce concentrations of some
of the chemical compounds (i.e., carbon disuffide, ammonia, thiocyanate, present in
site soll that had the potential to interfere with the cement ar asphalt binders used In
the solidification/stabllization studies,  In addition, reduction of carcinogenic
semivolatlle organic compounds to 8 mg/kg in solls was also a treatment objective for

AR30282/
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LTTD studles,

Detailed discussion of experimental procedures is given in Appendix B-3. The
thermal treatment of the soll samples was performed by placing an approximately
800-g aliquot of homogenized solil inside a 4-liter glass reaction flask and spreading
the sample in a uniform layer on the bottom of the flask at ambient temperature. The
sample was then heated gradually until it reached its highest temperature (300° or
500°F). The soil was heated at that temperature for 15 or 30 minutes (reaction times),
During each test run, the reactor vessel was cantinuously purged with nitrogen gas to
reduce the possibility of fire or explosien that might occur during the heating of salil
samples. The condensate generated during the process was collected in a 1-liter val-
umetric flask. When the prescribed residence time at the target temperature was
reached, heating was terminated and the soil was allowed to caol to ambient tempera-
ture. Next, the vessel lid was removed and the soll residue was transferred into a pre-
welghed, clean aluminum tray. All the experiments were conducted in duplicate runs
to callect adequate data on test performance. A total of eight samples (2 tempera-
tures x 2 residence times x 2 replicates) were collected during the tests. To prepare
samples for the subsequent solidification/stabilization studies, addir .ng at
500°F and a 30-minute residence time were performed in order to generate sufficlent
quantity of soil material,

6.1.3 Equipment and Materialg

The experimental apparatus used in this study Is shown In Figure 6-2. Materials
and reagents used are described in Appendix B-3. The apparatus consists of a 4-liter
glass reaction flask mounted within a temperature-controlled heating mantle, The re-
action flask is fitted with a removable glass cover, which is attached to the fiask by =
ground-glass Joint and a Teflon™ gasket and is sealed with a metal clamp. The glass
cover has four ground-glass-joint openings through which equipment is inserted. A
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VARABLE SPEED
STIA MOTOR
190-760 rpm)

THERAMOMETER

Figure 6-2, Dlagram of desarption vessel,
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motor-driven, Teflon™-coated, stainless steel stirring shaft Is inserted through an air-
tight bearing into the center opening of the vessel top, This stirrer is operated at 30 to
750 rpm during the reaction. A thermometer Is inserted through another ground-glass
joint in the reaction flask cover 1o monitor the temperature of the soil, One of the
ground-glass joints in the top of the glass cover is fitted with a water-cooled condens-
er. A ground-glass adapter attached to Tygon™ tubing-is inserted through the open-
ing onto the top of the candenser. This allows the headspacs of the reaction flask to
be purged during the reaction to reduce the possibility of explasion of any unstable
arganic products that might evalve from the reaction mixture.

6.1.4 Sampiing and Analysis

To evaluate the soil characteristics that may Influence remedial processes and
to determine the efficacy of LTTD in the treatment of the Halby Chemicals site solls,
samples of the raw soll (surface/sediment), soll residues, and condensates collected
during the low-temperature tests were subjected to chemical analysis and physical
tests specified in Table 8+1. A total of 10 samples (two raw soils and eight thermally-
treated residues) were analyzed for VOCs, semivolatiles, metals total cyanides, and
ammonia. All 10 samples were tested to determine *heir water content. The raw soil
samples were further tested for particle size analysis to provide adequate data on ma-
terial handiing and processing characteristics. The test is usually performed prior to
stabilization/sclidification ta suggest the feasibility of the process (i.e,, clay sails re-
duce the viability of the stabllization/solidification process) or the difficulties that cauld
be encountered in processing.

6.1.5 Data Management

Appendix A-3 presents data summary sheets for LTTD test rung. When the soll
sample was heated inside the reaction flask, a stirrer was used to homogenize and
mix tha sample at a speed of approximately 115 rpm. The temperature of the soil was
monitored every 15 minutes until it reached the target temyerature. About 2510 4
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15 resadilP s

TABLE 61, ANALYTICAL TESTING OF RAW SOILS, SOIL RESIDUES
AND CONDENSATE FROM LTTD EXPERIMENTS¥

Test Method®™ Condansate

VoG ‘ 8240(0)824()
Semnivolatien? 3850/6270(0)825()
Matal 2060/0010"
Cyanide 2012

aso.2¢

ASTM 0173
Sieve Analysis

Valuee shown are number of snalyses for a given matrix and analytical parameter,

Test methods listect are those from EPA SW848, uniess otherwise specified. Test method number followed by *(S)° s the methad ust
for soll; the number followed by “fi)* s the method used for the condensate sampie,

VOCA Inckucde: Carban disuice; Toluene; Methylens Chiorde; Tetrschiorosthens; and 2.8uianone,
Semivolathen indiude: Civysena; Pyren; Fluoranthens; Benzofb) flucranthens; Benza) fuoranthvens; and Benzols) pyrens,
Matals inciuae: Arsenic; Copper; Zinc, Cobalt; and Chromium,

Arkanio was analyzed by EPA Method 7000 (CF),

Sokla were extracted with weter and then snalyzed for ammonia using EPA Method 350.2. (Standard Methods for the Examination of Wat:
and Wastewater, 17th Ed,, 1009)
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hours was required for the 800-g aliquots of soil to reach 300° or S00°F, respectively.
Approaching the target temperatures, sail temperature was recorded at every 5-minute

interval,

Because most of the waler was evaporated fram the mixture at temperatures
around 230°F, the soil hardened and part of the sample was attached to the wall of
the reaction vessel, This problem was corrected, however, by changing the position
of the stirrer and folding in the soil back to the bottom of the reaction flask,

6.1.8 Deviations From the QAP|P

Changes to the experimental design and testing from that described in the
QAPjP were made as a result of new Informatian an human health and environmental
risks. Table 6-2 presents the changes that were made to the LTTD studies.

TABLE 6-2. DEVIATIONS FROM QAPJP 1M LTTD TESTING AMD ANALYSIS OF SOIL SANPLES

No. Paramater

Proposed in QAPJP

Actusl testing condf-
tion

Rationale

Veight of
rav sofl
sampina In
LTTD process

Target tome
peratures
for heating
of soll same
ples

Indicator

compounds
for chemical
tests

10

500 9

100°, 300°, and 500°F
were deternined as tar-
got temparatures for
LTTD treatmnt of soils
(total of 12 sewples
were proposed to be
trested)

A Ust of indicator com

pounds {s presented in
Table 17 of cAPjP

R soil samples were

supposed to be snalyzed
for 70C

800 g

300* and 500°F tem-
peratures were used
to treat soil samples
(total No, of soil
senples nes recduced
from 12 to 8)

Some of indicator

compounds were being
replaced with new

compounds (see
Table 6-1)

TOC snalyses were not
perfarmed

To more effectively mix the soil
ineide the reaction flask and
decrease the total maber of
LTTD test rune required for col.
(ection of sol{dlficetion/sta-
bitization samples,

Since most volatile metals and
orgsnica are removed from soils
at tewperatures above 100°F,
this tesparature was of least
imparsance In L11D testing. Oue

"to project budgetary {imftations

and time comtraints, this tar-
get temperature was remaved from
testing program,

The List of target compounds was
changed because higher risk po-

tential that some of the contam-
Inants pose to humen health and

safaty.

The analyses were not sppropei-
ate fn LTTD testing of soils,

‘ NP = Not proposed {n testing program.
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6.2 Resufts and Discussions

The following discussion presents the analytical results and data interpretation
for the low-temperature thermal desorption, including discussion of quality assurance/
quality control test runs and analyses, costs/schedule for completion of the studies,
and key contacts.

Tahle 6-3 and Figures 8-3 through 6-5 give a comparison of contaminant
concentrations in untreated and thermally-treated soils, Together, these table and fig-
ures llustrate several findings:

° The cancentration of most volatile and semivolatile organic compounds

and total cyanides decreased significantly after therma treatment at
500°F for 30 minutes,

The concentration of metals and Inorganic compounds remained fairly
constant (concentrations varied within normal range of variability
expected for analyses) In the solls throughout the thermal studies. )

"
The apparent increase of certain VOCs (i.e.,, methylene chloride, 2-butanone, carbon

disulfide) after thermal treatment at 300°F may be the result of high moisture content
of the raw soils, which reduced the analytical recovery and quantitation of these solu-
ble compounds. The low percent recoveries (30 to 40%) of these VOCs Iin the matrix
spike samples of the raw soil gives support to this theory, Other possible explanations
for the apparent increase In these VOC concentrations may be degradation of other
compounds during thermal treatment.

in addition to analyses for soils, condensate cailected in the flask from the
500°F/30 minute test runs was composited and analyzed for the arganic and
inorganic indicator compounds. The analytical data shown in Table 6+4 indicated that
semivolatiles and metals are present at or below their solubility limits and that most
VOCs are not present above detectable levels. The absence of VOCS n the collected
condensate may have been due to the fact that non-condensable vapors and some
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1 2 3 4 5 1 2 3 4 5
2-Butanone Carbon Disulfide

120

80
€0
40
20

0
1 2 3 4 5§ 1.2 3 4 5§

Mathylene Choride Tetrachiorcathene

1 = Untreated sail

2 = LTTD treated soil (300°F, 15 minutes)
3 = LTTD treated soil (300°F, 30 minutes)
4 = LTTD treated soil {(500°F, 15 minutes)
5 = LTTD treated soil (500°F, 30 minutes)

« All concentrations in ug/g.

1 2 3 4 5
Toho . = Balow detection limits

Figure 6-3. Effectiveness of LTTD Process in removal of

volatiles from soll samples. AR302830 @)




Chrysene Pyrene

B

1000

012345 1 2 3 4 § 1

Benzo (b) Fluoranthene Benzo (k) Fluoranthene Benzo (a) Pyrene

1 a Untreated soil

2 = LTTD treated soll (300°F 15 minutes)
3 = LTTD treated soil (300°F, 30 minutes)
4 = LTTD treated soil (500°F, 15 minutes)
§ = LTTD treated soil (S00°F, 30 minutes)

» All concentrations in ug/g.
. = Below detection limits

Flgure 6-4, Effactiveness of LTTD Procass in removal of
semi-volatiles from soil samples. ARS 02831
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Chromium

1 = Untreated soll

2 = LTTD treated soil (300°F, 15 minutes)
3 = LTTD treated soil (300°F, 30 minutes)
4 = LTTD treated soll (500°F, 15 minutes)
5 = LTTD treated soil (500°F, 30 minutas)

« All concentrations in ug/g.

Zinc

Figure 6-5. Effactiveness of LTTD Process in removal of
varlous Inorganics from soil samples. AR 302832 !
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TABLE G4, ANALYTICAL RESULTS FOR CONDENSATE FROM LTID TEST RUNS
AT 500°F FOR 30 NIMMTES

Indicat ation (ug/()

Netals

Arsenic 165
Chromium k2]
Cobalt uo,z:m
Copper

2ine ) 533

2-Butencne 17

Carbon disulfide N (5)
Mathylene chioride w (5)
Tatrachloroethene M (5)
Toluene K (5)

Smlvolmlnb

Chrysene . 14
Pyrene 140
Flucrsnthene 19
Benzo(k)fluoranthene N (10)
Benzo(k)fluoranthene M (10)
Benzo(a)pyrene N (10)

* Low values for VOCs may have resulted from losses through the vacum Line below the condenser,
Low values for semivolatiles may have resulted from poor recoveries,

of the condensate were drawn through a vacuum line that was located below the con-
denser.,

Therefore, it is expected that the VOC concentrations in the off-gases from low-
temperature thermal desorption will actually be much higher than indicated in these
analyses.

6.2.2 Qualty Assurance/Quality Control

As shown In Table 6-3, the analytical results for most of the indicator com-
pounds were similar between replicate test runs. There were some inconsistencles
between replicates abservad far the semivolatiles (except chrysene) under the
300°F/30 minute test run. In addition, the analytical result for methylene chioride in
500°F/30 minutes test run appears to be an erroneous value. The reason for incon-
sistent or erroneous results are not known, but rnatrix effects may have hampered the
extraction and analysis for these volatile and semivolatile indicator compounds.
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The analytical QA/QC datr from matrix surrogate spike and method blank SaD
ples Indicated good recoveries of metals and inorganic compounds. For volatile and
semivolatile compounds, however, some of the recoverles for surrogate compounds

4 irn *~3rmally treated soll samples falt outside the acceptance criterla specified in
the "=, These outller recoveries appear to be the result of matrix effects, which
often occur In analysis of solls with high organic carbon and moisture content, like the
Halby site soils,

623 Costs/Schedule for Studies

The costs for performing the low-temperature thermal desarption studies was
$22,000, including chemical analysis and physical tests, laber for the treatability
studies, and reporting. The time period needed to complete the studies was 6 weeks,
include 1 week for testing and 5 weeks for laboratory analysis.

6.24 Key Contacts
The people invaived in this study were;

Steve Giti-Pour Sarah Hokanson

PEI Assocliates, Inc. PEI Assoclates, Inc.
11499 Chester Road 1233 20th St. N.W.
Cincinnati, OH 45246  Washington, DC 20036
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SECTION 7
SOLIDIFICATION/STABILIZATION 5TUDIES

Solldffication/stabilization studies were performed on untreated surface
soils/sediment and on thermally-pretreated soils (500°F/30 minutes). The solidifica-
tion/stabllization studies of the solid residues involved two binders [asphalt and
portiand cement (Type I1)] at two different mix ratios. For the untreated surface solls
and sediments, only ane binder [portiand cement (Type Il)] was evaluated at two
different ratios, The starting materials (i.e., soils and residues) and the stabilized
products were subjected to leach testing using TCLP, and the extracts were analyzed
for the metal indicator compounds.

The following subsections present the treatabllity study approach (Subsec-
tion 7.1) and the results and discussion (Subsection 7.2).

7.1 Treatabilty Study Approach

The treatability study approach is shown in Figure 7-1, In this study,
solidification/stabllization was evaluated for its effectiveness in reducing leachate
concentrations of certain melals In untreated surface solls/sediments and thermal-
pretreated solls, The untreated soil and residue from the LTTD were expected to
contaln high levels of arsenic, cobalt, chromium, copper, mercury, and zinc,
Solidification/ stabilization, therefore, was evatuated for its ability to reduce the
leaching of these metals remalning in the soll and thermal residues.

Although many diferent types of binders can be used to solidify/stabilize
wastes, these binders can generally be placed into two main categories: inorganic
binders and organic binders, Cements and pozzclans (e.g., lime, fiy ash, cement kiln
dust) are examples of Inorganic binders; synthetic organic polymers (e.g., ta'ea formal

R302835
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dehyde) and asphalt are examples of organic binders, In addition, hybrid forms of
organic and inorganic binders, such as organaphilic clays, are available, Amang these
different binders, cement Is the mast commonly used and available binder for metal-
bearing wastes, However, an asphait plant located adjacent to the Halby site may
also provide a sultable binder material, Therefore, both cement and asphalt were
evaluated in this study.

7.1.1 Test Obiectives and Rationgle

The performance of this technology was largely based on comparing leach test
results for metals in leachate generated from the, stabilized products with that fram the
starting materlals. The test objective for this study was to achieve leachate concentra-
tions of 1 ppm for the metal indicator compounds (i.e,, arsenic, cabalt, chromium,
lead, mercury, and zing). This test abjective of 1 ppm in TCLP leachate was devel-
oped in the absence of risk-based levels and EPA regulatory levels for CERCLA solls
and debrls.

In addition to leach tests, the unconfined compressive strength of stabilized
products was conducted in order to compare strengths among the different binders
and mix ratios. The test objectives for the strength of stabilized materials is 50 psi,
based on preliminary screening criteria currenily being developed by EPA for solidifica-
tion/stabilization studies.

The experimental design for the salidification/stabilization studies is shown in
Table 7-1, Detalled discussion of experimental procedures is given in Appendix B-4,

TAMLE 7-1.  EXPERIMENTAL WIX RAYIOS FOR SOLIDIFICATION/STABILIZATION
lim-!o-iloll ratfo  Binder-to-soil ratio Vater-to-soil ratie
2

Binder
Portiand cement 023 0.4 0.5
Asphalt 0.5 1.0 N/A
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Untreated surface solls/sediments and soil residues from low-temperature thermal O
desorption at the highest temperature and longest residence time (500°F/30 minutes)
were homogenized separately, and a portion of the soils underwent TCLP testing and
testing for moisture cantent. Untreated surface solls/sediments were stabilized/
solidified with cement only; thermally treated residues were stabilized/solidified with
cement and asphalt. The reason for using asphalt binder anly on thermally-pretreated
residues (s because asphalt is generally applied to dry sails, and the raw soils had
significant amounts of moisture (between 20 and 30% by weight), Each mix ratio was
evaluated In duplicate,

For the cement-based solldification/stabilization tests, the binder was mixed with
approximately 800 g of surface soil or thermal residue at ratios of 0.25 and 0.4.
Sufficient water was added to the mixture to pass the slump test (ASTM D143).
Because the cement binder may contain some metals, a blank run was evaluated
consisting of binder mixed with clean sand at the two mix ratios. The samples were
allowed to cure for a minimum of 14 days in zip-lock plastic bags In a cooler at 75°F,
After curing, the salidified monoliths were leached using TCLP crushed samples, The"'
extracts were then analyzed for the metal indicator coimpounds, The TCLP results for
the surface soll, thermal residues and solidified samples were then compared.

A similar experimental design was used for the asphalt-based solidification/sta-
bilization tests of the thermef residues, The asphalt was heated and mixed with
approximately 500 g of thermal residue (which were preheated to 60°C) at ratios of 0.5
and 1 in duplicate and allowed to cure for a minimum of 14 days, Bacause the
asphalt binder may contain some metals, a blank run consisting of clean sand and
binder at the two mix ratios was evaluated, The solidified monoliths were leached
using TCLP, and the extracts anatyzed for the metal indicator compounds,

Unconfined compressive strength of the sclidified monoliths also was determined.

7.3 Equipment and Materials

The cement-based solidification/stabilization studies took place in the same
glass reaction vessel used in the low-temperature thermal desorption studies (see
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Figure 6-2), The same reaction vessel was aiso used for the asphaft-based solldifica-
tion/stabilization studies, except that a thermometer was inserted through one of the
apenings in the fid. Plastic cylindrical molds with dimensions shown in Table 7-2 were
used for curing the mixture. :

TABLE 7-2. OIMENSIONS OF CYLIMORICAL MOLDS USED

§/S process TCLp ucs

Coment -based 4.5cm dismeter 7+cm diamater
10 ca long 14,22 cm tong

Asphalt-besed 4.5~cm diemeter 3.8-cn diamater
10 ca long 8.4 ca long

Reagents used for the cement-based solidification/stabilization studies include
tap water and portland cement (Type 1l). A petroleum-based asphalt was used for the
asphalt-based solidification/stabilization studies. The decantamination solutions used
for the cement and the asphalt-based solidification/stabilization studies are listed in
Appendix B-4,

7.1.4 Samping and Analysis
Waste Stream--

The untreated surface soits and sediments were homogenized thoroughly in a
5-gallon steel pail and sampled prior to treatability testing for the following analyses:

Water content (ASTM)
Sali pH (EPA Method 9045)
Metals content (EPA Method 6010 and 7000 series)
TCLP (EPA Method 1320)
The extracts from the TCLP tests were analyzed for the metal indicator com-

pounds listed in Table 1-7.
Treatment Process-

After a curing time of at least 14 days, the solldified/stabilized manoliths were
analyzed as follows:
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Unconfined compressive strength (ASTM D1633 for cement-based pro@
ucts and ASTM D2216 for asphalt-based products).

°  TCLP (EPA Method 1320)

Two different strength tests were used for the cement- and the asphaft-based
praducts because the physical nature of the two products was different. The cement-
based product was a monolithic block, and the asphait-based product was more soil-
like. ASTM D1633 applies to monolithic forms, and ASTM D 2216 is a method that is
applled to cohesive solls. For the TCLP test, the treated products were crushed in
accordance with the test specifications prior to extraction, The resulting extracts were
analyzed for the metal indicator compounds.

7.1.5 Data Management

Data management sheets are given in Appendix A-4. Data recorded during the
solidification/stabilization studies were as follows:

Mixing time and speed

Reagent and starting material weight and additions
Curing time, terperature, and humidity
Temperature during mixing (for asphait-based)
Slump (per ASTM C 143)

Samples collected and analyses performed

716 Deviations From QAPP

The deviations in experimental pracedures and sample analysis are listed in
Table 7-3, along with the ratianele for these changes. The changes in procedure
resulted from some pretesting studies with mix ratios and from a request by EPA Re-
gion Il to evaluate solidification/stabilization without the thermal pretreatment step.

7.2 Results and Discussion

The following discussions present the analytical results and data interpretation
for the solldffication/stabilization studies, as well as results from quality assurance/
quality control test runs and analyses, cost/schedule for completing the studies, and

key‘cqntams- AR3028L0 O




TARE 7-3.

DEVIATIONS FRON THE GARJP

Proposed for AP P

Actusl performence

_Rationale

No. - Paramter
Blank sewples

Coment/s0il
ratto

Curing condi«
tions

Sol{difica~
tion of raw
(unpratrest:
«d) soil

Prepare 1 blank sem:
ple for portisnd
comnt binder and 1
bisnk semple for
aaphalt binder,

Prepare 0.2 ond 0.4
cemnt-to-g0il
ratios (W/W) for
comant-based solidi.
fled samples,

Cure the solidified
samples (n & hermet-
{cally sealed cham=
ber at 72°F and 100X
relative humidity.

Not proposed,

Two blank samples were
prepared with 8/5 ratios
of 0,25 snd 0,40 using
portiand coment, and two
blank sesples were pre-
pared with ssphalt at
8/5 ratios of 1 and 0.5,

0,25 and 0.4 cement-ta-
sofl ratios (W/W) were
prepared for preparation
of cement-based solidi-
fled semples,

The solidified samples
were placed in 2ip-lock
plastic bags and cured
in a cooler at tempers:
ture of «75°F,

Eight additional §/§

* samples ware prepared

with raw sofl samples
for TCLP and USC tests
(4 8/ semples for each
teat),

To achieve a bettar comparison
between treated solidified
samples and blank solidified
ampies in tefme of cement
Lexching charecteristics,

To better evaluate the optimm
condition under which the so-
Lidified samples achieve their
maximum strength and exhibit
n:nlu lanching charactaris-
tics,

No hermetically sealed chamber
was avallsble at the EPA TRE
facility to keep the solidi~
fied samples under 72°F and
100% relative humidity,

to collect additional informae
tion regarding effectivenass
of LITD on §/5-treated samples
and draw more valid conclus
sione from TCLP and UCS test
results in tarms of reliabili-
ty of LTTD as a pratreatment
step in remdiation of Halby
site soil semples,

Table 7-4 and Figure 7-2 give the results of TCLP [eachate analysis for metals
from cement-based salidification/stabilization of thermal-pretreated salls (500°F/30 mi-
nute runs) and untreated solls, Table 7-5 and Figures 7-2 and 7-3 present the ‘
TCLP leachate data for metals from cement- and asphalt-based solidification/stabiliza-
tion of the thermally-pretreated soils. From these tables and figures, the following
conclusions can be made:

° TCLP leachate concentrations of arsenic, chromium, and mercury from
i thermally-pretreated solils and untreated solls are well below the
CLP regulatory levels that are used to classify wastes as characteris-
tically hazardous (40 CFR Part 261.24), In addition, for these unsolidified
soll samples, leachate concentrations of all metal indicator compounds
are at or below the treatment target level of 1 mg/I.
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TAME 7-4, REGULTS OF TCLP LEACKATE ANALYSIS FOR UNTREATED (RAN), TREATED,
NO CENENT-SASED SOLIDIFIED 90fL SAWPLES
(L)

Type of swmple Arsenic Chromium Cobalt Copper Nercury

Untreated (rmw) sofl 2 b
A M (0.003)" WO (0,03) 0.201 %0 (0,0001)
’ w0 ] 0.187 w0

Aversge 134 2 0.1% w0
LTTD traated sofl (500°F,
30 min)

A 0.044 0.400 N (0,0001)
] 0,060 ]
Aversge 0,082

Sol{dff{ed raw sof(
(8/5 = 0,25)
A

¥ (0,03)
8
Aversge

Solidified raw soil
(lﬁs = 0,40)

]
Avecage
Solidified LYTD treated
sofl (8/8 = 0.29)

A

]
Aversge
Solidified LTTD treated
soil (B/S » 0,40)

A

[]

Avarage [ % N

ol idified blank sofl
(I‘S 2 0.29)

W (0,03) M0 ¢0,0001)
w L4

¥0 €0.03) N0 (0.005) WO (0.0001)
Average N » [

Soliditied blank sofl
(l‘l s 0.40)

Average 0.0031 0,141
* 10 = Not detected,
b Wumbera In parentheses are the method detection Linits.

0.141 ¥ (0.03) WO (0.005) MO (0,0001)
L) ] L]
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1 23 456178
Arsenic Chromium

O - N W aE O N

123458678 1 2346528678
Marcury Zinc

1 = Untreated soil

2 = LTTD treated soil (500°F, 30 minutes)

3 = Solldified raw soll (B/S = 0.25)

4 = Solldifled raw soll (B/S = 0.40)

5 = Solldified LTTO treated soll (B/S = 0.25) *
6 = Solidifled LTTD treated soil (B/S = 0.40)

7 = Solidifled blank solt (B/S = 0.25)

8 = Solidifled blank soil (8/S = 0.40)

« All concentrations in mg/L.
I - 2elowdetection imiis

Figure 7-2. Results of TCLP leachate analysis for
cement-based solidified samples.




TABLE 7-5. RESULTS OF TCLP LEACKATE ANALYSS FOR
LTTD-TREATED AND ASPYALT-BASED SOLIDIFIED SOIL SAWPLES
(/)
Type of swple Arsenic Chromium Cobelt

et ———

LITD treated sofl (500°F,
30 min)
A 0,0281 w0 (0,003)
(] 0,050 ]
Average 0,0306 ]

Sollditied LTTD treated
soil (8/8 » 0.50)
A

8
Avarage N

Solidified LTID treated
sofl (/8 = 1,00)
A

X0 €0.00%) 0,006
[ 0,008

N (0.005) KO (0.003) M (0,0001) 0,546
L4 K0 o 0.276

Aversge N W ] 0,411

Solfdified blank soil
8/ = 0.50)
A

W (0.005) W (0.003) MO (0.025) Mo (0.005) KO (0.0001)  0.297,
Average 0 0 ] ) L) 0.5}

gy
Solidified blank sofl
(8/8 = 1,00)

A

W (0,005) W0 (0.003) N0 (0.025) MO (0,005) MO (0.0001) 0,335
] ] ] ] (]

Avarsgn 0,335

* ¥0 « Not detected,”
b Numbers in parentheses are the method detection limits,




1 2 3 4 5 8
Chromium

0.001
0.0009
0.0008
0.0007
0.0008
0.0005
0.0004
0.0003
0.0002
0.0001 4

0

© = N W a o
1

1 2 3 4 65 6
Mercury

1 = Untreated soll

2 = LTTD treated soil

3 = Solidified LTTD treated soil (B/S = 0.50)
4 = Sqlidified LTTD treated soil (B/S = 1.00)
5 a Solidified blank soll (B/S = 1.00)

6 = Solidified blank soil (B/S = 0,50)

s All concentrations in mg/L.
= = Below detection limits

Figure 7-3. Results of TCL™ leachate analysis for
asphalt-base sclidified samples. AR3028 L5
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Although leachate concentrations are low, those for arsenic and coppe()
are significantly reduced by asphalt binder at both mix ratios; the cement
binder did not perfarm as well as the asphalt, and in the case of arsenic
and copper, it resulted in increased concentrations.

Both the asphait and cement binders significantly reduced leachate
concentrations of zinc.

Increased chromium concentrations observed in leachate from cement-

based products may have resulted fram chromium in either the portland

cement material or the tap water used during the mixing process, since

the levels are comparable to that found for the two blank samples.

Chromium Is generally known to leach more readily under basic condi-

‘ons such as those created by the cement process, Chromium Is
‘gsent at levels near ar below detection limits in the leachate from the
;phalt-based products.

achate levels of the metal indicator compounds are similar for the
cament-based products of thermally-pretreated soil and untreated soil.

The maderate to high concentrations of metals (between 200 and 1500 mg/kg)
present In the thermally-pretreated and untreated soils (Table 6-4) apparently do not ‘

readily leach in appreciable amounts under TCLP test conditions, Leachate concen-
trations of these metals may be much greater, however, in muttiple extraction tests or
other leach tests that are designed to address long-term leaching rate over time. The
need for solidification/stabllization of sails should be investigated by conducting addi-
tional leach testing of the salls. ' '

While the asphalt appears to be the better binder of the two studied for arsenic
and copper, tho lower leachete levels reported for the asphalt-based products may be
partially dus to higher dilution by asphalt than by cement (.e., higher binder to soll mix
ratios). In addition, several issues should be evaluated further prior to selecting as the
solidifying/stabilizing agent for Previously untreated soils: (1) need for dewatering of
the solls prior to mixing, (2) potential VOC emissions during mixing, and (3) potential
leaching.

In addition to TCLP leachate levels, uncanfined compressive sirength tests were
run on the stabllized products. Table 7-6 lists the results of the UCS tests on asphalt-
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TABLE 7-6. TEST RESULTS FOR UNCONFINED COMPRESSIVE STRENGTH (UCS)
OF ASPHALT-BASED™ AND CEMENT-BASED PRODUCTSM

Sample Bearing load
type {lbs)

Yield stress
(psi)

Asphalt-basad®
(8/8=1.0)
A

B
Average

(B/5=0.5)
A

B
Average

Cement-based™
LTTD-treated soil
(B/5=0.25)
A
8
Average

(B/S=0.40)
A

B
Average

Cement-based™
untreated soll
(B/S=0.25)

A 4630

B 4220

Average 4425

(B/5=0.40)
A 8700

B 7060
Average 7680

* UCS tests performed In accordance with ASTM D2218
® UCS tasts performed In accordance with ASTM D1633
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)

and cement-based products. In most cases, the strengths of the asphalt and cemeri-
products exceeded the terget level of 50 psi specified for these studies. Only the
asphelt-based product (B/S = 1.0) recorded lower stress levels, Overall, these tests
results indicate that cement-based, monolithic structures yleld at a higher stress under
larger bearing loads than asphalt-based products.

7.2.2 Quality Assurance/Quality Control

The data shown in Table 7-4 and 7-5 for replicate test runs indicate goad repro-
duceability of TCLP leachate levels for metals. In addition the percent recoveries from
standard reference solutions, and matrix spke and matrix spike duplicate samples
were all within the acceptance criteria outlined in the QAF|P.

7.2.3 Costa/Schedule for Studies

The costs for perfarming the solidification/stabilization studies are $30,000, in-
cluding labor for testing, laboratory costs, and report preparation. The time needed to
perform the studies was 8 weeks, including 4 weeks for solidification/stabilization ande)
4 weeks for laboratory analysis.

7.24 Key Contacts
Key contacts for these studies are:

Steve Giti-Pour Sarah Hokansan

PE] Associates, Inc. PEI Associates, Inc.
11498 Chester Road 1233 20th St, NW
Cincinnati, OH 45246  Washington, DC 20036
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APPENDIX A
TREATABILITY TESTING DATA MANAGEMENT SHEETS
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FEL/Halby
Operator: Luane iraves e L0~ 1990 Lh: 920
Halby Suparfund Site--Td Oiygen Data

SAMFLE # SAMPLE VOL OXYGEN CONTENT. uM QXYGEN, ppm

1 50 ?.44497 188979.4 90n ¥
30 ' ?.422912 1684%8.7 ¢,
80 .8872809 L7063.62 414
80 ?.818174 L96743,98 ;00
50 9.937497 199149.9 2,
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30 7.868992 L19737L.9 w44
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= Om-30 D iil)

2

CALIBRATION DATA
Linear Regressiaoni y=at+bx
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FEL/Halby
Operatar: Duane Gravea )4~18-1990 18:82:00
Halby Superfund Sita~~TQ Quygen Data

SAMPLE # SAMPLE VOL  DXYGEN CONTENT, um OXYGEN, ppm
a0 9,44497 188979.4 A0,
80 9,422912 188498,3 7,

50 .883280% 17068,62 e

80 ?.818174 196763,9 Ly
S0 9,957497 199149,9 g, e
) 9,744837 194976.7
a0 7144998 L4293,92

50 9,868%92 . L97374,9 Aye!
50 10.,77178 219418, 6 Al
80 993272 1906%.44 4e

bogl 1 JEXE LS B R S

CALIERATION DATA

Linear Fegresgsion:i yzarhi
& 1
L]

17.41164

a
b

R L ]




lalby/PEIL .
Operatar: Duane Graves 04-~17~1980 10:48:55
Halby Superfund Site ~~ T1 Qxygen Data -

SAMPLE # SAMPLE YOL OXYGEN CONTENT, uM OXYGEN, ppn
§0 11,10906 222181,.2 °©
10, 50969 210193,8
9.082618 161852.4
11,29109 225821,8
9,777868 1958557.4
9,997674 1996583,5
1.4980281 29605, 82
12,10643 242128.8
11,62302 232460.4
1,334608 26662,18

LT L TN

1
2
3
4
5
6
7
8
8
1

[~

CALIBRATION DATA
Linear Regrassion:  y=a+bx

a= 0
b= 16.18677 |




Halby/FEL
Oparatar: Tim Schalk D4~ 19~ L4990 WiZ1:87
Halby Superfund Site T2 Uxygen Data

SAMPLE # saMPLE val. QNYGEM CONTENT, uM OXYGEN, ppm
L0 L 018 2084074

a0 7.,8984%4 19747041
a0 7.8746628 194732.9
30 10, 66861 QAIT72.2
80 9,337919 1867%8.4
an 10, 12332 ¢ 20246644
90 4,784707% 95624,06
0 10487309 2106464.0
L1V] 10.766173 21983222.9
0 2038T63L 476724420

Lagt 'R U LN 2 IR 5 I

f=1

CALIBRATION DATA
L.inear Reagression: yma+thi

aas 0
b a 14,9308

P T L L L]
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Halby/PEL
Operator: Duane Graves 04-21-1990 15:33:59
falby Superfund Site -~ T3 Qxygen Data

SAMPLE # SANPLE VOL  OXYGEN CONTENT, uM OXYGEN, ppn

50 7.870416 159408.3 @.rnX
9,763379 185267.6 .
9,428318 188566,4 #v
10.20665 204132,9 O, 4:¢/,
7.758327 155186,5 O, raws
10,0429 200857.9 4,
8.884696 177897.9 He,
9.924177 198483,8 6, ;¢4 :
9.265759 185315.2414 o fent s !
1.483327 2926654 7r. :
10,3894 207387.8 414 b
10,36718 2073435 A2 i

b

CALIBRATION DATA
Linear Regression: | y=a+bx

a 1]
b 15,30485




Halby
Operator: Keith Hague (14=22~1990 103961395
Oxygen sampled 4/24/90

SAMFLE # SAMFLE VOL  OXYGEN CONTENT, uM DXYGEN, ppm

a0 6.779324 1355844 aw?rd,
50 100, 019821 201204.2 M8 ot
5i) 10,514 210280 Me

80 10,447873 WHIO. T My,
S 7.088279 141766.8 O, a1
s . 10,0848 217694 Ao pX
S0 5.2903 109806 He w
L] 14.11904 222T00.7 Hien
90 10,96417 719283.4 A8
80 11.30943 206808,7 412
a0 11.32073 206414.4 A28

80 3444872 4913749 Ad

i
2
3
4
8
-]
7
8
9

r-re
o

-
”n

CALIBRATION DATA
Linear Regrasaion: 1 y=a+hi

0
14.8808%

R a0




Halov/FEL '
Operatar: Meith Hague 04-~25-1990 17:29:49
anygen analysis 4-24-~%0

SAMFLE o SAMPLE VOL  ONYGEN CONTENT, uh OXYGEN, ppm
S 6.099L47 . 171962.9 &y ranlepnls
40 9.939381 198787.6 - ¢,

b 1042239 DUDAA7,7 . pe

8 L0, 79047 TLEN9.9 ..

80 7.917108 TO262,99 o2, ¢ poteeli

S0 9.870179 L9703 6 .,

50 4,477218 89544 .36, pe

50 10, 39076 DO7818.3. 0, Fllgtt

51 10. 48482 296964 . 4 v

50 . 10.39789 207957.8 40

% S0 16.38752 207750, 4 A

12 50 7, 056736602 - e

LALL.T47

1
2
4
]
&
7
8
9
1

E=3

CALIBRATION DATA
Lingar Regressiaon: y=atbi

a 0
a

a
t L6.01308




Halby/FEI
Operator: Kalth Hague 04~29-1990 17:26314
Onygan analyais 4=30-90

SAMPLE # SAMFLE VOL  OXYGEN CONTENT, uM UXYGEM, ppm ‘
50 9,199599 LE31L .2 =0, rWulranh

50 9.718788 194778,7-0; :
S0 10, 92748 210983, 7~He

80 ' 10,7788% 219877 -CueMyClh
80 3.4924 69847 ,99 10 rusbreals

80 1076858 QU9TTL -y ‘

50 1.044334 20886, 6 - e

S 9.982459 199049 .2 ~ o ripwei,

S0 10.24984 204996 .8 A

80 10.0828% 200637, L - fir

80 : 10.490107 200028 8- A

56 2947127 5894 ,2587 = He

-

1750 B W2 X kibmg S

2
=
4
8
b
7
a8
q

[y
b=

CALIBRATION DATA
Linear Regression: ‘ y=a+hi

a )
a  14,36734

a
b
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TESTING DATA MANAGEMENT SHEETS FOR XANTHATE STUDIES
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APPENDIX A-3

TESTING DATA MANAGEMENT SHEETS FOR
LOW-TEMPERATURE THERMAL DESORPTION STUDIES
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APPENDIX A4

TESTING DATA MANAGEMENT SHEETS FOR
SOLIDIFICATION/STABILIZATION STUDIES
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SOLIDIFICATION AND STAEILIZATIon

CF soll SAMPLES

4 et e e 1% m Aemaan e o —— e —

mpe=

e St —————
1 ————— . 7 e+ Simm  |R e o ———— | mon - . ——

el s Sotest

AR302937




Za[ﬂmfn/ I"(Murvmm/s /tr /’/f/‘nrﬂ/zbn ﬂ/‘:‘:::“

ﬂ:‘f/-ﬂ/?t- basad _;o/,Z/,)?,'m/ S«.m//:,har‘ as /?»//Md:

S‘f ’ i
Brodsr -To 301! talre = 1]

B enrtntel L T

ﬁm/ofm Fare 4/ sor! recidie in /Qutt/:bn ...F/a.f,‘ MNo.i:=

Nm'n/ /ur;*/’dﬂ a/ sel ¢ 10 miny e s
Wight of asphalt. in Reaction Flash pos 2 12003
Femperatire 1f asphalt in Rewetion Flush No2= /4'\‘
X
For pepaction of sobdifisd samples w/ti B/5 o /EC;:/
Z wsphalt was addid T ., 5005 50,/ o Remelran Fas
m‘J b of sorl wed ;,,:x“/fm s
Temper alure of 50/ and a-s/:la/f'mo'ot =l40'C

frcf-nJ
: S'A'Jc «of.. J‘I/U/J/ﬁ/ Sam/AJ,férlllf ):.fz.: 3.8 Cm diamster ):/

lm'/pnj

Nem bar a/ Sp):‘/l)é;'r/ S¢m/°/¢: /Ic/nrfjﬁ/”CS ff.l'/. .
- AR302938" &
A-90 :




fn -nJ ’
5'45‘ ,/E 54/,///6/ 5nm/>/-‘,q/ér TCLP)J}:/J = &5 Cm c/m(m‘/}y;f

17 0Cm lanJ

4
Prepare
Humbrof. fﬂ/IMLG_J _-fﬂm'/’/d s »/N TeLp




Stz

Binder - té . S0/ tali? z 051

Wn'(jh" of so) 1es;dha in Reasion Flesd No)n 5,17

. MmunJ /um?“wn a/ Sh/: 90 'nmu-/'f-.s

— am

Wt:{'jl‘} a/-p x:f/!a//' /n /{’unt)‘?'on F/a-rl No-2-554.j :

nm/’nm /uu. 0/F at:/'Aa/f /‘n RtM}/'on F/a:/‘ /‘/0-251.j

For ,»,.,mm/,on ,/ :,///,‘/ sam /./.J wiih &s ¢,
0.5 ;—, 2505 A—:/D/ /f s m//c/ /o The 5405:5411“'
Renclion Flush Mo
tinidy desation of il and wsphelfs 16 mivnTes |
fomperatire of 501/ and asphal? miwz 137°

"43‘ a/ soli difred um,/”/,, UCS Festie 2.6em dim

by 84 ¢m /an(}

fﬁ/nm/t‘l ;/ 54/1./:/'[1'(/. J‘An-f‘.i/]r HES /E;/‘;:&
ARI02940--0- |




543¢ 0/ 55[‘/%/“0/;“07/’4_3 fh 72[/’ 7‘!:/.'{:. 45 Com /,'4

Ma/’cr é/ Wem /ﬂy

T A T T et ™ mm 485 st o L aim bemee wr—te T T T

g e

AR30294

|
E
f

i
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Set 2
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APPENDIX B

STANDARD TEST AND OPERATING PROCEDURES
FOR TREATABILITY TESTING
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distiflate free of contact with the delivery
tbe and continue distillation during the
Jast minute or two to cleanse the con
denser and delivery tube, Diluie 1o 500
ml with ammaniasfree water.

INQRGANIC NON:METALS {400)

¢, Ammania Jdetermination: Deter.
mine the ammania by the nessferization
method (Section 418B), the phenate
method (Section 418C), ar acdimetric
method (Section 418D),

418 B, Nesslerization Method (Direct and Following
Distillation)

1, General Discussion

Use direct nesslerization only for pu-
rified drinking waters, nawral water,
and highly purified wamewater cf-
fluenus, all of which should be low in
color and have ammonia nitrogen con-
centrations exceeding 20 ug/l. Apply
the direct nesslerizauon method to do-
mestic wastewaters only when errors of
1 0 2 mg/l are acceprable, Pre.
treatment before direct neslerization
with zinc sulfate and alkali precipitates
cakium, iron, magnesium, and sulfide,
which form rurbidity when wreated with
nesler reagent. The floc also removes
suspended macter and sometimes col-
ored maner. The addition of EDTA or
Rochelle salt solution inhibits the pre.
cipitation of residual calcium and mag-
nesium fons in the presence of the alka.
{ine nessler reagent, However, the use of
EDTA demands an extra amount of
negler reagent to insure a sufficient nesse
lef excess for reaction with the am-
monia,

The gradusted yellow to brawn cal-
ors produced by the nessler-ammonia
reaction absorh swwongly over a wide
wavdlength range, The yellow color
charscteristic of low ammonia nitrogen
(20 10 250 g/ 50 mi) can be meanired
with accepuable sensitivity in  the

‘

wavelength region from 400 to 42§ nm
when a 1-cm light pach is available. A
light path of § cm extends measure.
ments into the nitrogen range of § to 60
ug The reddish brown hues typical of
ammonia nitrogen fevels approaching
500 ug may be measured in the
-avelength region of 450 to 500 nm, A
judicious selection of light path and
wavelengih thus enables the phatomet-
tic determination of ammania nitrogen
concentrations  over 4  considerable
range,

Departures from Beer's law may be
evident  when dphoxom«m equipped
with broad-band color filters are used,
For this reason, the calibration curve
thould be prepared under conditions
identical with those adopted for the sam-

les,
P A carcfully prepared nessler reagent
may mrond under optimum conditians
toaslittle as | xg ammania niwrogen. In
direct nesslerization, this represents 20
ug/l. However, f:yroducibiﬁly below §
4§ may be erratic,

2, Apparatus

a. Colorimetric equipment: One of
the following is required:
1) Specrropbotomater, for use at 400

AR302956—
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ta §00 nm and providing a light path of
| ¢cm or longer.

2) Filier photometer, providing a
light path of 1 em or longer and
equipped with 4 violet fier having
maximum transmintance at 400 to 42§
nm. A blue filter can be used for higher
ammania nitrogen concentrations.

¥) Nenrler nuber, matched, 50-mi, tall
form,

b, pH meter, equipped with a high
pH clecrrode,

3, Reagents )

All'rﬁiffngmu listed in the Pretimi-
nary Disillation, Section 410A, except
the borate buffer and absarbent solution,
are required, plus the following. (Pre-
pare all reagenis with ammoniasfree
waer.)

a. Zinc sulfuic solution: Dissolve 100
§ 2080« 7H10anddilutcto L |,

b, Stbilizer reagent: Use cicher
EDTA or Rochelle salt to prevent cal-
cium or magnetium precipitation in un-
disiilled samples foflowing the addition
of the aikaline nessler reagent.

1) EDTA reagem: Dissolve 30 g di
sodium  ethvienediamine rerascetate
dihydrare, also called {echylenedinitrilo)
tetrascetic acid disodium sait, in 60 mi
water containing 10 g NaOH, If neces-
sary, apply gentle heas 1o complete dis-

, solution, Cool ta room temperarure and

dilute ta 10O ml.

2) Rochelle salt solution: Disselve 50

‘ g potassium sodium rarirate terahys
drate, KNaCeH«Os4H:0, in 100 ml
witer, Remove ammonia  usually
present in the salt by boiling off 30 ml of
salution, After cooling, dilute o 100 m!,
¢. Nesiler mfnu: Disolve 100 g
Hglzand 70 g Ki ina small quantity of

i

water and add this mixure slowly, with
stiering, 10 a cool solution of 160 ¢
NaOH in 500 ml water, Dilure ta I I,
Store in rubber-nioppered pyrex glasse
ware and out of malight @ maintain
reagent stabiliy for periods up 0 & year
under normal lsboratory conditions,
Check the reagent to make sure that ir
yields the characreristic color with 100
ug/} ammonia nitrogen within 10 min
after addition and does nor produce a
precipitate with small amounts of sm-
monia within 2 hr. (Caurian: Toxic—
take care to avoid ingestion.)

d. Stock ammaomium solution: Dis.
solve 1.819 g anhydrous NH(C), dried
100 C, in water, and dilute ta 1,000
ml; 1,00 mi=1.00 mg N=1,22 mg
NHs.

¢, Standard ammonium solution: Di.
fute 10.00 mi stock ammeonium solution
10 1,000 mi with water; .00 mi=10.0
pg N=12.2 4g NHy,

/. Permanen: color soturions:

1) Patassivm chlaroplarimate solus
rion: Dissolve 2.0 ¢ KiPrCli in 100 10
400 ml distifled water; add 100 m! «‘:"
HCl and diluteto 1 I, g

2) Cobultows chloride solunon: Dise
wlve 12,0 g CoCligH:0 in 200 mi
disilled water, Add 100 mi cane HCI
and dilue to 11,

4, Procedure

a, Trearment of undistifled samples:
1€ necevary, remove the residual chlo:
tine of the sample with an equivalent
amount of N/70 dechlorinating agent.
Add 1 mi ZnSO« sclution 1o 100 mi
sample and mix thoroughly, Add 0.4 10
0.5 ml NaOH solution to obuain a pH
of 10.5, as determined with a pH meter
and & high-pH glass clecirode and mix
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thoroughly, Let the treated sample uand
for & few minutes, whereupon a heavy
flocculent precipitate should fall, leaving
 clrar and colorless supernate. Clarify
by centrifuging or filtering. Pretest any
filter paper used to be sure no ammenia
is present as a contaminant, Do this by
running ammonia-free water through
and testing the filtrate by nesslerization,
Filter the sample, discarding the firn 2§
mi filerate,

b, Color development:

1) Undistilled samples—Use 50.0 ml
sample or a portion diluted to 50.0 ml
with ammonia-free water, I the undise
tilled pertion contains sufficient concen-
wrations of caldum, magnesium, or
other ions that produce a wrbidity or
precipitate with nessler reagent, add |
drap (0.0 mi) EDTA reagentor | 102
drops (0.05 10 0.1 mi) Rochelle salt so-
lution, Mix well. Add 2.0 mi nessler
reagent if EDTA reagent is used, or 1.0
mi nessler reagent if Rochelle salt is

used,

2) Cisilled samples—Neutralize the
boric acid used for absorhing the am-
monia distillae in-one of two ways, Add
2 ml neuler reagent, an excess thar
raises the alkalinicy to the desired high
level. Alernatively, neutralize the boric
acid with NaOH before adding | ml
nessler reagent,

3) Mix the samples by capping the

., Jessler rubes with crnn rubber stoppers
which have been washed thoroughly
ith ammonia-free water) and then in-
veriing the rubes ar leant six times. Keep
sch experimental conditions as temper-
ature and reaction time the same in che
blank, samples, and standards, Let che
reaction proceed for at least 10 min after
addition of the nessler reagent, Read the
coloe in the sample and in the sandards,

INORGANIC NON-METALS {400)

Il the ammania nitrogen is very low use
a $0-min conct time for sample,
blank, and standards, Measure the color
ether photometrically or visually as dis
rected inqcor dbelaw:

¢. Photomermic measurement: Meas-
ure the absorbance o ranimitance in a
speciraphotometer o 4 filier photome.
ter, Prepare the calibrarion curve at the
same temperature and reacton time
used for che samples, Make the trant-
mittance readings againg a reagent
blank and run parallel checks frequently
againg standards in the nitrogen range
of the sumples, Redevermine the com-
plete calibration curve for cach new
batch of nessler reagent,

For distilied samples, prepare the
standard curve under the same condi-
tions as che samples. Distill the reagent
blank and appropriate standards~—cach
diluted 10 500 ml—in the same manner
as the samples, Bring the 300 ml dis-
tillate and 50 ml boric acid absorbent
t0 §00 ml and take a 50-ml portion for
nesslerization,

d. Visual comparison: Compare the
colors produced in the sample against
those of the ammonia sandards, Pre-

are temporary of permanent slandards
stifmezw below: e

1) Temporary nandards—Prepare a
series of visual randards in nestler rubes
by adding the following volumes of
standard NHCl solution and diluting to
50 ml with ammonia-free water; 0,0.2,
04,07, 1.0, 14, 1.7, 20, 2.5, 3.0,
1.5,4.0,4.5, 5.0, and 6.0 m). Nesilerize
the standards and the portions of dis:
tillate by adding 1.0 m! nessler reagent
10 each rube and mixing well.

2) Permanent standacds—Measure
into $0-ml nessler ubes the volumes of
potassium chloroplatinate and cobaltous

- AR3I0ZY58
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Taste A1 8: 11, Pacpamanian o9 Pramanene
Cotoa § o8 Vil D
of AMmares Nitwoaun

Aspm’mln Approtimate
Valuein olume of olume of
Amiosia Platioum Cobel

Nicragen Solutien
m

14
u
4
18
1
L34
15
122
150
14,
20
197
199
100
100

chloride salutions indicated in Table
Ma:4), dilure 10 the mark, and mix
thoroughly, The values given in the
table are approximate; acwal equiva
lents of the ammonium standards will
differ with the quality of the nessher rea-

the color match, Protect the standacds
from dust to exend their useulnens for
severat months, Compare either 10 or
30 min after newslerization, depending
an the reaction time used in ihe prepas
ration of the nesslerized ammonium
sandsrds againgt which they were
matched,

§. Calculation

4. Deduct the amount of nitrogen in
the ammonia-frce water used for dilute
ing the original sample before compurs
ing the final nitrogen value,

b. Deduct ala the reagent blank for
the volume of boraie buffer and 6N
NaOH solurions used with the sample,

v Compute the total ammania aitro-
gen by the following equatiom
» A £
mp/)smmonin N prysen: X ¢
where A= ug N found colorimetrically,
Bmeonat distillate collected. including
the acid absorbent, and Cwml distillate

gent, the kind of illumination used, and- * taken for nesderization. The ratio 8/C

the colur sensitiveness of the analyst's
cye. Therelore, compare the color stand-
ards with the nesslerized temporary ame
monia standards and modify the tints as
accessary. Make such comparisons for
vach newly prepared neuler reagent and
satisfy wach analyst as to the aptness of

applies only ta the divilled amples and
should be ignored in diren nens
lerization,

6, Precision and Accuracy
See Sccrion 418A and Tahle 418:1,

AR302959,—




o g

INORAANIC NON-METALS {400)

423 D. Bibliography

Fautk, € W. s A, T, Bawaen, 1024, A new
type of endpoint in clectromeing fitration
and it application of iodimetry. J, Amer.
Chom, Snx. 4012041,

Haw, V. A, 4 T.C, Mamar, 1952, Ocane. pp.
Ti751 in Encyclopedin of Cheme
Technology. Vol. 9. Interscience Publishers,
New York N.Y,

Bmosase, C. M. A, €. Jewkess a E, Seavivara,

1991, The iodomesric deverminaiion of

otone, Anal, Chem. 24462,

2unanor, Fo 4 W, Stumm, 195}, Derermine.
tion of agone in drinking waier {in Ger-
mank, Mitt. Geblete  Lebumm. Hyg.

44,106,
Incors, B, S s R H, Fanuan, 1946, Stere

ilizarion of watcr by atone under arcric cons
ditions, Rept, PB (24748, Qffce of Technic
al Serven, U. S, Dept. Commerce,
Washingien, D, C,

Imoss, RS, R H. Fonan 2 W, H.
Esssuanoy, 1958, Dermination of osone
in olution, Prov. Int. Ocame Comf, Amerte
an Chemical Soqiety, Advan, Chem, Ser.
Ne. 11,

Haww, V. A, 1944, Diinfection of drinking was
1ot with olone. /, Amer. Water Works Au,
LUTOT

" incous, RS, a R, K. Femuaa, 1997, Some wuds
ies of otonc for use in water waament,
Pros, Soc. Waitr Trear Exam. 48,

424 pH VALUE

The pH of mast nacural waers falls
within the range of 4 to 9. The majority
of waters are slightly basic because of the
presence of carbonates and bicarbonates,
A departure from a normal pH for 2
given warer could be caused by the in-
flux of acidic or alkaline indusrist
wastes, Neutralization of spent acids o
bases is an important waste wreatment
practice. and measurement and control
of pH in industrial effluents is often re-
quired for water pollution control, 1 is
also refatively common to practice pH
adjusiment of water treatment plans of-

uents (0 control corrosion in disteibu-
ion systems,

The pH of a solution refers (o its hy-
drogen ion aciivity and is expressed as
the togarithm of the reciprocal of the hy-
drogen ion activity in moles per lirer ata
given (emperature, 1t is used in the cale
culation of carbonsse, bicarbonate, and
cacbon dioxide, cocrasion and stability
index, and other acid-base equilibria of

impartance (o water and wastewater
analysis and trearment control, The
practical pH scale extends from 0, very
acidic, 10 14, very alkaline, with 7 corre-
sponding (o exact neusrality ac 25 C,
Whereas “alkalinity" and “acidity” are
measures of the cocal resistance 1o pH
change or bufferiog capacity of a
sample, pH represents che free hydrogen
ion activiry not bound by carbonate or
other bases,

The pH can be measured cither col
orimerrically or eleciromerricaly, The
colorimerric method is less expensive but
suffers from incerferences due to calor,
wrbidisy, saliniry, colloidal maner, and
various oxidants and reductants, Thein»
dicators are subject to deterioration as
are che color sandards with which they
are compared, Mortover, no single in
dicator encompasses the pH range of i
terest in waters and wasnewaters. In
poarly buffered liquids, the indicators
themselves may a1m the pH of the
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sample unless preadjusted 10 nearly
the same pH as the sample. For these
reasons, the colorimetric method is suite
able anly for rough estimasion and is not
dexcribed herein, (For details on the col-
orimesric method, see Clark,* Kolthoff,!
ad AWWA)) The glass elearode
method is the tandard technic.

1, General Discussion

a, Principle: Aldhough the hydrogen
clectrode i recognited as the primary
standard, the glass clectrode is less sube
ject to interferences and is used in com-
bination with a calomel reference elec-
trode. The lassereference elecrode pai
produces a change of §9.1 mV/pH unit
225C,

b, Interferences: The glans elecirode
it relatively (ree from interference from
color, turbidity, colloidal macer, oxie

dants, reductanss, or high salinity, ex-  pell

cept for a sodium ervor at high pH, This
error ata pH above 10 may be reduced
b{ using special “low sodium error”
clecrodes, When using ordinary glass
cloctrodes, make approximate correce
tions for the sodum error in ace
cardance with information supplied by
the manufacurer, Temperature exerts
two significant effects on pH measure.
ment: the pH.potential. i.e., the change
in potential per pH unit, varies with
temperarure: and ioniaation in the
sample also varics,® The firn effect can
be overcome by a temperarute com-
© This iomanon, dependers on joninae
;u: LLI for the vanews -nln::‘n 'A‘q:dk::‘ "
“a X 3

S e i
%ﬁ_dmnmﬁ:‘wﬁ:’ﬁi
; dq— Mm vy low conceners:

Emmion adjusiment provided on the
ener commercisl instruments, The sec-
ond cffect is inherent in the sample and
is taken into consideration by recurding
both temperawre and pH of cach
ample.

2, Apparatus

a. Electronic pH maeter with «emper-
afure compensation adjustment.

b, Glan clectrode: Glaws clectrodes
are available for measurement over the
enire pH range with minimum-so-
dium-ion-crror cypes for high pH-high
sodium samples.,

¢. Reference elecirode: Use a calomel,
silver-silver chloride, or other constant-
porential electrode.,

d. Moagnedic stirver, with teflon-
coated stirring bar or a mechanical stir<
rer with inert plastic-coated or glass im+

er.
& Flow chamber for measurement of
continuously flowing or unbufiered solu-
tions. A

3, Standard Solutions

4, General preparation; Calibrace the
clectrode synem againg sandard buffer
solutions of known pH. Because buffer
solutions may deteriorate as a result of
mold growth o contamination, prepare
fresh as needed for accurate work by
weighing the amounts of chemicals spec
ificd in Table 424:, dissolving in dis-

The rempersewe dial on pH i
nmﬁhu;nn:;:m«mrf:zt
roden, Innarumvencs withews & ¢ e bl are ofe
wn provded with daw om which chas correetion for
e charscrrancs of ihe clecodey may be cakoulaned,

Deom for akolaing, by imerpoionen, e pH of nase
wral wonrs 6 Nmperaures acher shon chat of the
massarenem have bern provided by Laagriver.!

AR30296.
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Weight of Chemicats Needod/1,000 mi

Sundard Solution (molality) pHa25C Aqueout Solution st 21C

Primary anderss:

(MTate

Poamium hydeogen
(urwaiedar 25 ©) 1457 44 gKHCHO

0,05 pousmium dihvérogen citrate 118 1141 g KHIGHIOn
0.0 poussium hydrogen phihalate 4,000 1042 KHCiH(O4

Q.025 pouassivm diby
ho::mo.m Mm

phosphate 6885 [ 1000 gKHPOMH1.51) gNUHPOMS

0008481 paamium dibydrogen
hophate+0.0104) dirodrum

ydrogen phowphate
0.0 sadium borate decahydrate
{boraa)
0,025 sodium bicarbonate+0.025

1A AT g RHPOA 44,100 g N PO
%100 1.00g NaiBOrel0H10t

wdium carbonare [ 1]} 2092 g NaHCO1 #2440 g NarCO)

Sccondary sianderdy;
0.05 pousmum terroralace

dilwdrate 1679

Cakcium hydronide (sanurared
Q)

1261 s KHICOMINO

12494 1.9 g CalOH)®

* Approsimste solubility,
+ Dry chemial t 10 110 Cfor 2 b,

$ Prepace with freshly boiled and cooled distled water carbon-diondedrer),

tilled water at 25 C, and diluting 0
1,000 eml, This proceduce is particularly
important for the borate and carbonare
buffens,

Use dimilled water having a cons
ductivity of less than 2 usiemens at 25 C
and a pH $.6 10 6.0 lor the preparation
of all sandard solutions. Fraahly boil
and cool this distilled warer 10 expel the
carbon dioxide fo produce a pH of 6.7
10 7.3 for the preparation of the borate
and phosphate solutions, Dey the potas.
sium dihydrogen phosphate at 110 C o
130 C for 2 hr before weighing, Do noy
heat the unsuable hydrated porassium
terroxalate above 60 C nor dry the other
specified buffer satn,

Alihough ACS-grade chemicals are
generally satisfactory for the preparation

of buffer solutions, use certified marerialy
available as NBS nandard wmples from
the National Buresu of Sundards
where the greatest accuracy is required,
For routine analysis, commercially
available buffer tablers, powders, or sa-
lutions of teed quality also are per-
missible, In preparing buffer sclutions
from solid salts, dissolve all the material;
otherwise, the pH calibracion will bein-
cormect, Prepare and calibrate the clec
trode symem with buffer solutions with
pH approximaring that of the sample to
minimize error resulting from nonlinear
reponse of the elecrrode,

As & rule, sclect and prepare the bul-
fer solutions classed as primary nand-
ards in Table 424:1 cexerve the secon-
dary sandards for extrerne siruations
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encountered in wastewaler measuree
ments, Consult Table 42411 for the ac-
cepted pH of the standaed buffer solu
tions at temperarures other than 25 G,
Where the intent it to lpp# them for
ro‘:‘tim <o||mol. :;m bllhc‘bu p; lol;lmmm
and samples preferably in polyethy
borles or, aI: leagt, {)ym glastware,
Even in such circumsances, replace buf
fer salutions every 4 wh,

b, Saturared poussium Sydrogon car-
rate sofurion: Shake vigorously sn ex-
cen (5 10 10 g) of finely arymalline
KHCH Qs with 100 10 300 ml dis-
tilled water at 25 C in a glass-oppered
bonle, Separate the clear soluion from
the undinalved material by decantation
ar filication, If this solution is (o be used
for routine conral, preserve for 2
months or mare by adding a thymol
arystal (8 mm diam) for each 200 ml so-
lution,

¢. Saturated calcium bydroxide 1olu-
tiom; Place the well-washed, low-alkali-
grade calcium carbonate, C2C0), ina
platinum dish and ignite for 1 br ac
1000 C, After cooling the calcium
onide, hydrate by alow:{ adding dinilled
watee with stirring and heating to boil-
ing. Coot and filier the suspension a
colkect the solid calcium hydroxide on a
fried glass filter of medium porosity.
Dry the calcium hydroxide in an oven at
110 C. cool, and pulverize to unifoemly
fine granules, Vigorously shake an ex-
cem of fine granules with dixilled water
ina ﬂonpmd polvethylene bonle, al-
lawing the emperature to come to 25 C
sfer mixing, Filter the supernatant
under suction through 8 sintered glans
filwer of medium porasity and use the
filrae as the buffer solution, Discard
the bufer solution when aimospheric
carbon dioxide causes turbidiry to ap-

penr,

INORGANIC NON-METALS {400)

4, Pracedure

Because of the differences between the

many makes and models of com-
mercially available pH mevers, ic is im-
r-'bk 10 pravide dewiled instructiohs
or the ation of every in-
saument, In each cax, (ollow the man-
ufacturer's insructions, Thoroughly wet
the glass and reference elentrodes by im-
mersing the tips in water avere: <2 of in
acrordance with insructions, “ere-
afier, when the meter is not in use for
pH mesmrement, keep the tips of the
clecerodes immersed in water.

Before use, remove the eloctrodes
from the water and rinse with dinilled
or demineralized water, Dry the clec
trodes by gentle wiping with & soft tis-
sue. Standardize the instrument with
the clecrrodes immersed in a buffer solu-
tion with  pH approaching that of the
sample and note the temperature of the
buffer and the pH at the measured tem-
perarure. Remove the clectrodes (rom
the buffer, rinse thoroughly, and dry.
Immerse in a second buffer approxi-
mately 4 pH units different from the
firm and note the pH reading: the read-
ing should be within 0.1 unit of the pH

nd for the sccond buffer. Rinse electrodes

thoroughly, dry, and immerse in the
sample. Agitate the sample sufficiently
to provide homogeneity and keep solids
in saspension, Il the sample cemperawure
is different from that of the tuffers, et
the clecrodes equilibrate with the
sample. Measure the sample temper-
arre and st the (emperature com-
pemator on the pH meter to the mea
ured temperarure. Note and record the
pH and temperature, Ringe cecirodes
and immerse in water until the next
measurement,

When only occasional pH measure-
menas are made, sandardize the in-

Q
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strument before each Measurement,
e (requent measurements  are

* made, less frequent standardization (oy.

<y dor 2 he s Htiictary, However,
if sample pH valuyey viry widely, stand.
ardize more frequently” with ¢ buffer
i ithin 110 2 pH uniyy of
Measure with wo o

iflerent pH aq feay

once daily and more frequenly if sam.
ples contain abrasive solidy o dissolved
idex, in order 1o check the linearity

When elmrof!

greater than
Place the glasy ¢lectrode,
PV measuremenes in high-purity wa.
ters such inerali

5. Precision and Accuracy

The precisian and Acuracy attainahle
with & given pH meger will depend an
the type and condirion of the instrument
and the care used jn standardization ang

i inst ponyj

aily or precipizay With the
Proper care, a precision 0f£002 pH
unit and ap accuracy of £0,0§ pH unit
€an be achieved wi many of the new
models, Hbwever, £0.) pH ynir repre.
$ents the lili¢ of Curacy under normal
conditions, For (hiy reason, report oM
values 1o the pegreq 0.1 pH unir, A
synthetic sample consisting of a Clark
and Lubs buffer solution of pH 7,4 yay
analyzed dmrom«rimlly by 30 labora.

ORIGINAL
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tories, with 4 andard deviarign of
£0.13 pH uniy,
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425 F. Ascorbic Acid Method

1. Generat Discur~'un

a. Principle: Ammanium molybdate
and potassium antimony) rartrate react
in an acid medium with dilute solutions
of orthophasphate to form a heteropoly
acid—p! mpKomolybdic acid—that is
reduced to the intensely colored mo-
lybdenum blue by ascorbic acid,

b, Interference; Arseoates react with
the molybdate reagent to produce a blue
calor similar to that lormed with phos-
phate. Concentrations 4s low as 0.10
mg/l arsenic interfere with the phote
phate dererminadion, Hexavalent chro-
mium and nitrite interfere to give results
abaut 3% low at concentrations of 1.0
mg/d and 10 to 15% low at concentra-
tions of 10 mg/1 chramium and nitrite.
Sulfide (Na:5) and silicate do not inter-
fere in concentrations of 1.0 and 10.0
mg/l.

¢ Minimum detecrable concentra-
tion: Approximately 10 g PN, P
rangesare asfollows:

Approvimate P Range  Light Pah Lenph
mp/l ™

0.10:2.0 of
0.44:1.J0 10
001021 10

2, Apparatus

a, Colorimerric equipment: One of
thefallowing is required:

1) Spectrapbotomerer, with infrared
phototube for use ar 880 nm. praviding
a light path of 2,5 em (1 in.) or langer,

2) Filter pbotometer, equipped with
a red color filter and a light path of 0.
cm or longer,

b, Add-werbed glassuare:  Sce
Method D, §2b above,

3, Reagents

a, Swlfuric acid soluriom, SN: Dilute
10 ml conc HiSO« with distilled water
10 00 i,

b, Potassium antimonyl tar.
trate solution: Dissolve 1.3715 g
K(5b0)CeHeQe*1/2 Hi0 in 400 mi
disilled water in 2 500-ml volumetric
flask and dilute 10 volume, Store in a
glass-soppered bortle,

¢. Ammonium malybdate tofution:
Dissolve 20 g (NH)MorO14H:Q in
500 m distlled water, Store in a plastic
bonleat4 C,

d. Asorbic aqd, 0.1M: Dissolve
1,76 g asorbic acid in 100 mi distilled
water, The solution is stable for about |
what4 C,

¢, Combined reagent: Mix the above
reagents in the (ollowing proportions for
100 ml of the combined reagent: 50 mljiey
SN HiSO4, § ml potassium lnlimony‘ur‘
tartrate solution, 1§ ml ammonium mo-
lybdate solution, and JO ml axcorbic
acid solution, Mix after addition of cuch
reagent, All reagents muse reach room
temperature before they are mixed and
mus be mixed in the order given, If tur-
bidity forms in the combined reagent,
shake and let it stand for a few minures
until the wrbidity disappears before

roceeding, The ceagent is stable for 4

I,
[ Swxck pbospbate solution: See
Method D, 43¢,
g8 Swndard pboypbate sohuion: Di-
lute $0.0 mt stock phosphate solusion to
1000 ml with distilled water: 1,00
ml=2,50 ug P,

 AR302965W
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4, Procedure

a. Treatment of sample: Pipet S0.0
mi sample into a clean dry test mbe or
126-ml eslenmeyer flask, Add 1 drop
phenolphthalein indicator. If a red calor
develops add SN HiSO4 solution drop-
wise to just discharge the color, Add 8.0
mi combined reagent and mix thore
oughly. After at feast 10 min but no
longer than 30 min, measure the color
absorbance of each sample at 840 nm,
using the reagent blank as the reference
solution,

b, Correction for wrbidity or inter-
fening colar: Nawral color of warer gen-
erally does not interfere at the high
wavelength used. In the casc of highly
colored or turbid waters, prepare a
blank by adding all the reagents except
axorbic acid and antimonyl potassium
tarmate fo the sample, Subtract the ab-
sothance of the blank from the absorbe
ance of cach of the unknown samples.

¢. Preparation of catibration curve:
Prepare individual calibration graphs
from a series of six standards within the

INCRGANIC NON:METALS (400)

phml?hm ranges indicated in Section
425F.le. Use a dintilled water blank
with the combined reagent 1o make the
photemetric readings for the calibration
curve, Plot absorbance vi, phosphate
concentration 1o give a sraight line
passing through the origin, Test at least
ane phosphate sandard with each st of
samples,

S, Calculation

my/IP = g PX1.000
ml amphe

6. Precision and Accuracy

The precision and accuracy values
given in Table 425211 are for a single so«
lution procedure given in the previous
edition, The technic presented differs in
reagent-(o-ample ratios, no addition of
salvent, and acidity conditians, [t is su-
perior in precision and accuracy (o the
13th edition technic in the analysis of
both distilled water and river water at
the 228 ug P/1level (Table 425110,

Tau il C

of Ascoanrc Aap M

i

Axcorbic Acid
Mehod

Relative
Standard Relative
Deviation Eror

L] %

19¢h Edition
(Edwards, Molol,
and Schoceman) .

o
Ll
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505 ORGANIC CARBON (TOTAL)
Combustion-Infrared Method*

The total organic carbon concentras
tion generally falls below the e value
of organic contaminants because ather
constinaent clements arc excluded, After
an empirical reladonship has been a1
tablished between the toul ocganic car-
bon, and the biochemical oxygen de-
mand or the chemical olylmmlmnd
the toal organic carbon (TOC) pro-
videt & speedy and convenient way of a1
timating tne » o parameters that ex:
press the .- of arganic contamis
nadon.

Furthermore  al organic carbon is
a more direct ¢ ::ession of the organic
chemical content of water than cither of
the twa other analyses. As such, TOC
can be used to monitor processes for the
treatment or removal of organic con-
aminants without undue dependence
on the oxidation mates, and can do so at
low concentrations,

1. General Discussion

The carbon analyzer offers a means of
measuring toual organic carbon in the
range of 1 to 150 mg/l in water and
wastewaier, Appropriate dilution of the
sample cnables the dewermination of
greater carbon concenirations as well as
the analysis of water samples bearing &
high salt, acid, or base content, Smaller

iarbon concentrations can be extimated
by suitable concentracion of the sample
or through the use of larger portions,
The procedure yields the best resuln
with s samples that ace re-
producibly (1.0 mg/l carbon) in-

“The mhed is ienial ia wbwance w ASTM

DIsTIY,

jectable into the apparatus by a micro
liter=type syringe. The needle opening o
the syringe reswics the maximum size a
particles that may be included in th
aamples,

«. Principle: The water sample is ho
mogenized or diluted as necessary and

' microportion it injected into a heated

packed tube in & sream of oxygen o
pueified air, The water is vaporized ane
the ocganic manter is oxidized t0 carbo;
dioxide, which is measured by means ¢
a nondispersive type of infrared ans
lyzer. Because the carbon analyze
measures all of the carbon in a sampl
after injection into the combustion m&
rroteduul modifications are needed ¢
imit the determination (o organic car
bon. Inorganic carbonates may be dt
com| with acid and volatilized i
the farin of carbon dioxide before the ot
ganic carbon is determined. Alternativi
ly, the towal organic and inorganic cat
bon dm\;'mimn'pn an ?e fﬂl:w:d by

ate derermination for the inorgan
aupﬂ.:'on. The difference Mwmmou
and the inorganic carbon then yields it
organic carbon,

b, Interference: Removal of carbonar®
and bicarbonate by means of acic
ification and purging with nirogen g
can result in the loss of very volatile o

ic submances. Another impore
mn occur if large carbon-containin
rlmida in the sample fail (o enter ¢
ymwmic needle used for injectior

ikration, although desirable to lim
the insoluble inorganic maver, can ¢
wk in loss or gain of TOC, dependir
on the physical properties of the carbos
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comaining compounds and the adsorpe b, Hydrochloric acid, HCI, cone,
tion or desorptiun of carbonaccous mate ¢, Standard carbon solurion: Dissolve
ter from the tiler, Any sample wreate 5,571 g anhydrous sodium oxalate,
ment may alter the measurable carban,  Na:CiQy, in redistilled water and dilute
Record such treatment and consider itin o 1,000 ml; 1,00 mi= 1,00 mg cacbon,
any interpretation of results, Aliernutively, use any other carbon-cons
¢ Minimum detccrable conceatra-  taining compound of adequate purity,
tian: | mg/l carbon. This concentration  stabilicy, and water salubility.
may he lowered by concentrating the . Packing for axidation tube: Fol-
sample or by increasing the poriion take  low the directions supplicd with the total
en for analysis, organiccarbon analyzer,

o, Sampling und storage: Callectand  ¢. Oxygem gar, carbon-dioxide-free.
store samples in bottles made of glass, . /. Nitrogen gar, carbon-dionide-free,
preferably brown. Plastic cantainers are
acceprable afier tests have demonsieated 4 procedure
the absence of extracrable carbonaceous ) .
substances, Use a Kemmerer or simular @ fnirument operation; The differ-
type sampler for collection of samples ¢nces between satisfactory analyzers
from a depth exceeding 2m (5 {0). Pro-  make it impastible to give detailed in-
tect umprn that cannot be examined  structions IPP'ICIMG o cvery In-
promply from decompositian or ovida.  strument, Therefore, follow the manu-
tion by preservation a ice temperatures, (aurer's inwteuctions for - assembly,
U minimal exposure to light and aimo. testing, cafibration, and operation of the
PR sphere, o acidification with hydro. analyzer on hand, Vary the injected
chloric ucid t0 4 pH aot over 2, Uader  sample size rom that normally recom-
any condirions, minimize storage ime.  Mended accarding to manufacnurer's in-

' structions or if an enlarged combustion
2. Apparatus tube is available.

) b, Sampie trearmens: If the sample

a, Sumple blender or hamogenizer,  coniaing grom solid o insoluble liquid
Waring fpeor “,'““”““' mater, homogenize sample with a

b Magnenc sy, blender or ultrasanicy, until satisfactory

¢. Hypodenmic syringe, 0 10 50 or 0 repeatabilty i obrained.
to 500 ul capacity.? If inorganic carbon must be remaved
i . Total organic carbon andlyzer¥  pefoge analysis, transer a representative

portion of 10 t0 1§ mi to 4 J0-ml beak-
3. Reagents er, add 2 drops (0,1 mi) cone HC 10

o Redisnlled water: Prepare the ‘;v‘id:\“ﬂ‘:';o:»di;:i:ezt:“:il:x«':“g:

:)I‘u:: and standard solutions with redit* o' 19" rin, Do net use plastic tubing,
lied water., While uirr;‘|ng on ‘l r{m;neric ml:r
— ! withdraw the sample from the beaker
mﬂmm;:ﬂ-.a'o"r{‘.il-mmu by means of 8 hypo?i«mic needle witha

Hhahmen tmrumens, o, or equiraion. 150 um cpening, Inject the sample inco
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the analyzer and obtain the peak-height
resding, Repeat the injection twice or
undl three conscutive peaks are obe
wained that are reproducible to within

*i%

If the available instrument pravides
for & separate determination of the car-
bonate-plus-bicarbanate carban, omit
the decarbonation siep with conc HCI

and proceed according (o the manuface |

turer's directions,

¢. Preparation of sandard curve:
Prepare a standard carbon series of 10,
20, 10, 40, $0, 60, §0, and 100 mg/|
with redistilled water by diluting 10, 20,
30,40, and 50 ml tandard carbon solu-
tion to 1,000 ml, and §0. 40, and 50 mi
standard carbon salution 1o 500 ml. ln-
ject and record the peak heights of these
stiandards and dilution water blank,
Correct peak height for blank,

Plot the carbon concentrations of the
siandards in milligrams per liter versus
the corrected peak height in millimeters
on recangular coordinate paper,

Inject samples and reagent blanks §
and ascertain the sample concentrations
from the corrected peak heights of the
samples by reference (o this calibration
urve,

§, Calculation

t. Calculate the corrected peak height
in millimeters by deducting the blank
corgection in the standards and samples
as bollows;

{Rodiailied ddwoon waner snd HO may be come
amenaoed with orpaanc carbon 0e evelcs Mst be core
reewd il Mask TOC renhes are mynihcans,

ORIGINAL
(Red)

ORQANIC CONSTITUENTS ($00)

Carrected peak hoght, mma A -8

where Ampeak height in mm of the
standards or sample and Bmpeak height
in mm of the blank,

b, Apply the appropriate dilution fac-
tor when necesuary,

8. Precision

The difficulty of sampling particulate
manter on unfiltered samples limits the
recision of the method to approximare-
v § © 10%. On clear samples or on
those that have been filtered befoce anal-
ysis the precision approaches | to 2% ar
I 10 2 mg/| carbon, whichever is grear:
o. .
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907 STANDARD PLATE COUNT

1, Intreduction

The Standard Plare Count procedure
provides a standardized means of deter-
mining the density of aerabic and facul-
tauve anaerobic heterotrophic bacteria
in water. This is an empirical measure-
ment because bacteria oceur singly, in
paies, chains, clusters, or packets, and no
single grawth medium or set of physical
and chemical conditians can umg' the
physiological sequirements of all bac.
teria in a water sample, Consequently,
the number of colonies may be lower
substantially than the actual number of
viable bacteria present, To facilitate the
collection of reliable data for warer quale
ity cantrol measurements, especially for
comparative and legal purposes, a
standardized plate count procedure is es-
sential,

2, Work Area

Alevel table or bench top with ample
tres should be available in a clesn,
drafu-free, well-lighted room. Table and
bench 10pe should have a non
surface and should be disinferted before
any analysis is conducted,

3, Samples

Potable water samples from a disrri-
bution syem should be collected as di-

reasd in Section 906A, Initiare say
analysis a5 soan as possible o minin
changes in the bacterial populatian,
recommended maximum ¢lapsed g
berween collection and examinagion
uneefrigerated samples is § he (mj
mum wansit time 6 hr, maximum p
csting time 2 hr), When analysis ca
begin within 8 br, maintain the 12
at & temperanure below 10 C,
maximum clapsed time berween
lecrion and analysis shall nox e

hr,
Bottled vater samples obuained
retail outlets may be held o tran;
uneefrigerated provided the (empera
does nat exceed 20 10 25 C, Exa

erated and within 30 hr if refrigerar

4, Sample Preparation

Mark each plate with sample n
ber, dilution, date, and any other
ury information before sample
ination, Prepase du&lime plates
each volume of sample or sample
tion examined.

Thoroughly mix all samphes by
ing 25 complete up-and-dawn (or
and-forth) movements of about 0.3
1) in 7 sec. Optionally, usc a m
cal shaker 1o shake the dilution

for 15 sec.
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STANDARD PLATE COUNT

5. Sampie Dllution

Prepare. water used for dilution
blanks as directed in Media Specificas
tions, Section 905 C,

a, Selecting ditutions; Select the dily~
tion(s) sa that the total number of colon
nies on a plate will be berween 30 and
100 (Figure 507.1), For example,

Water
mple

/)

Ddlivery volume otml

Acual volume of

ty.
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pet becomes contaminared before (he
translers are completed, replace it with a

+Herile p:ir«.{Un A separate sterile piper
s

for wansiers (rom each different dilution,
Do not prepare dilutions and pour
plaes in direet nlighy, Use caution
when removing sterile pipess from the
container 1o avoid contaminarion of the
Pipet, do not drag the tip acros the ex.

0.1 ml

smple in dish Iml AN ] 10°'ml

l‘i]\m 2071, Preperation of dilutions,

where a Standard Plate Count us high
& 3,000 may be suspected, prepare
pltes chausining 1:100 dilution,

For Ymoxt potable warer samples,

phates witable for counting will be ob- fa

m by planting | ml and 0.1 ml of
iluted sample and | m of sam le di-
boed 1100, P P

b. Meancring sample portions; Usca
orile pipet for inirial and subsequent
wanskers from cach container. If the pis

ends of pipets or acrom the lips
m«h ol di um bortles, When re.
moving sample, do not insert pipets
moce than 2.5 cm (1 n.) belaw the sur.
e of the sample o¢ dilution,
¢ Meanuring ditusions: When mea-
wring diluted samples of water, hold the
pipet at an angle of about 45* with che
tip lmhin;uhelnﬁdemaddwpmi
dith or the inside neck of the difution
bontke, Lift the caver of the perri dish jun

\
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high enough to insert the pipet, Allow 2
104 sec (o the liquid o drain from the |
m| graduation magk to the tip of the pi-
pet. 1€ the pipet is not a blow-out type,
touch the tip of the pipet once againit a
dry spot in the petri plate, If the pipet s,
less preferably, a blow-out type, it must
have a conton plug in the mouthpicce:
gently blaw out the remaining volume
of sample dilution, When 0.1-ml quan-
tities are measured, let the diluted
sample drain from the chosen reference
graduation untit 0.1 mi has been deliv-
ered, Remouve the piper without re-
touching it to the plate, Pipet | ml, 0.1
mi, or ather suitable volume of the dilu-
tion to be used for plating in the sterile
petri dish before adding the melted cul-
wre medium, Iv is recommended that
decimal dilutions be used in preparing
sample volume of lers than | mls in che
examination of sewage or turbid water,
do not measure 2 0.1-ml inoculum of
the original sample, but prepare an ap-
propriate dilution, Prepare at least iwo
replicate plates for each sample dilution
used, After depositing ten portions for
cach series of plates, pour the culwure
medium,

6. Plating

1 Melting medium: Meh sterile
solid agar medium in boiling water or
by exposure to flowing stcam in a par-
tially closed conuainer, but avoid pro-
longed, exporure 10 unnecessarily Eigh
temperatures during and after melting.
Da nox rencerilize the plaring medium, If
the medium is mehed in two or more
batches, use all of each batch in order of
melting, provided that che contents in
sepacite containers remain fully melted,

MIGROBIOLOQICAL EXAMINATION (800)

Discard melted agar that contains pre.
cipitate,

Temper the melted medium ina wa-
ter bath between 44 C and 46 C until
used, In & separate container place a
thermometer in water or medium that
has been exposed to the same heating
and cooling as the plating medium, Do
nat depend on the sense of touch 1o ine
dicate the proper temperature of the

. medium when pouring agar,

Use rryptone glucose extract agar or
plate count agar, as specified in Section
905 C

b, Pouring the plates: Limit the
number of samples o be plated in any
one series $0 that no more than 20 min
(prcfmbln 10 min) elapse between di
tution of the first sample and pauring of
the last plate in the series. Pour ag leag
10 10 12 ml of liquefied medium a¢ 44
10 46 C into each plate by gently lifiing
the cover of the perri dish just high
enough to pour the medium, Carefully
avoid spilling the medium on the cutside
of the container or an the inside of the
plate lid when pouring. As each plateis
poured mix the melied medium thog-
aughly with the test portions in the pewi
dish, taking care not to splash mixmueé’ .
aver the edge, by romting the dish firm-<,
in one diection and then in the opposite, .
direction, o by rotating and tlung che 2.
dish, Allaw the plates to solidify (withiz 3¢
10 min) on  level surface. After the me
dium solidifies, invert the plates
place them in the incubatoe,

o Sterifity controis; Check the w
ity of the medium and the dilution ¥
ter blanks by pouring concrol plates.fo
cach series of samples. Addicional
trols also may be pr:
contamination
foom air.

P (




STANDARD RLATE COUNT

7. Incubation

Incubate for the Standard Plare
Count for all water samples except bots
ted water at a temperature of 3§05
Clor 48:£] hr.

For the Standard Plaie Count of bot.
tled water, the plates shall be incubated
a0 350.5 C for 72:44 hr, Since many
of the bacteria found in bouled warer
demonstrare a prolonged lag phase dur-
ing adaptation to growth on iryptane
Blucose extract agar or plate count agar,
such bacteria do not form calonies that
<an be counted after 48 hr incubanion so
that an additional 24 hr incubatran s
required (0 obtain a reliable Standard
Plate Count.

Plates shauld be packed as direcred
under Laboratory Appararus. Secion
903, without crowding in the incubator,
Any deviation from this method must be
stated in the examination report,

8. Counting and Recording

Count all colanies on selected places
promptly after the incubation period, If
counung must be delayed tempararily,
Hore plates at 5 10 10 Cor a period of
no more than 24 hr, but avaid this a
foutine practice. Record the results of
rerility controls an the report for each
lot 6( samples, o

% 4 approved counting aid, such
atthe leccp colony counter, for map.
ual counting, If such equipmenc iy nar
available, counting may be done with
any other counter pravided that it gives
equivalent magnification and fllumina.
ton. Automaric plate counting in-
xruments are now available, These gen-
erally use a television scanner coupled to
A magifying lens and an electronics
Pedhage

 Their use in accepiable if eval.

ORIGINAL
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vation in parallel with manual counting
gives comparable resuly,

In preparing plates, valumes of
sample should be planted thay wil give
{rom 30 t0 100 colanies on a plate. The
aim should be to have at least one dily.
tion for which the replicare plates give
colony counts between these limits, ex.
cept as provided below,

Ordinarily, it is not desirable 1o plant
mose than 1.0 ml of waser in a plate;
theréfore, when the total number of cal.
onies develaping from 1.0 mi is less than
$0, it is necessary 10 disregard the rule
above and record the result 25 observed,
With this exceptian, only plates showing
1010 300 calonies should be cansidered
in determining the Standard Plage

ount. Compute the bacterial count per
milllicer by multiplying the average
number of colonies per plate by the dilu«
tion used. Report as the “Standard Plage
Count” per milliliter.

{Fhereis na plate with 3010 J00 cql.
onies, and one or more plates have mare
than 300 colonies, use the platets) have
ing 4 count nearext 100 colonies, Come
pure the count by multiplying che aver.
age count per plate by the dilurion ysed
and report as the “Estimared Standard
Place Count™ per milliliter.

Il plates from all dilutions of any
sample have no colonies, repart the
count as less than one (<1) times the
carresponding lowest dilution, For ex.
ample, if no colonies develop on che
1:100 dilution, report the count as “less
than 100 (<100} Estimared Standard
Plate Count” per millilicer, :

{f the number of colonies per plate far
exceeds 100, do not report the reult ag
“too numerous to count” (TNTC), |f
there are fewer than 10 colonier/cm?,
count colonies in-13 squares (of the col.
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any counier) having representanive col«
any dinrsbution, If posnible, select seven
consecutive squares horizontally across
the plate and six consecutive squares at
right angles, being careful not to count 2
square mare than once. Multiply the
sum of the colonies in 1) representative
cm? by § to compute the estimated colo-
nics per plate when the arca of the plate
is 65 cm, When there are mare than 10
colonies/cm?, count four representative
squares, ke the average count per
square cm and multiply by the appro-
priate factor o estimate the colonics per
plate {usually about 65), When bate-
rial counts on crawded plates are greater
than 100 calonies/cm’, report the result
as greater than (>} 6,500 times the
highest dilution plared,

i spreading colonies (spreaders) are
encountered un the platets) selected,
count calontes an representative portions
only when (a) calomes are well distrib.
uted in spreader-free arcas, and (6) the
area cavered by the spreader(s) does not
exceed one-hall the plate area,

When spreading colonies must be
counted, count each unit of the following
types as one: (a) The first is a chain of
colonics that appears to be caused by
disincegration of a bacerial clump as the
agar and sample were mixed, Count
cach such chain a5 a single colony, do
not count cach individual colony in the
chain; (8) The second type of spreader
develops as a film of growth beween the
agar and the bowom of the petei dish: (¢)
The third type forms in a film of water
at the edge or over the surface of the
agar, Types b and ¢ largely develop be.
cause of an accumulation of maisture at
the paint from which the spreader arigic
nates, They frequently cover more than
half the plate and interfere with obiain-
ing a reliable plate count,

MICROBIOLOGICAL EXAMINATION {$00)

If plates prepared from the samples
have excenive spreader grawth, repore
a5 "Spreaders” (Spr), When plates are
uncountable because of missed dilution,
accidental dropping, and contaminas
tion, or the control plates indicate that
the medium or uther material or labs
ware way contaminated, report a
“Labaratary Accident” (LA,

9, Computing and Recording
Counts

To compute the Standard Plate
Count, multiply the total number of cal.
onies or the average aumber (if duphi.
cate plares of the same dilution) per
plate by the reciprocal of the dilution
used, Record the dilutions used and the
number of colonies on each plate
counted or estimated.

When colonics on duplicate plates
and/ar consecutive dilutions are counted
and the results are averaged before being
recarded, round off counts (o two signifi-
cant figures only at the time of con-
version to the Standard Plate Count,

Avaid creating fictitious ideas of pre-
cision and accuracy when computing
Standard Plaie Counts, by recording
only the first two left-hand digis. Raise
the secand digit to the neat highest num-
ber anly when the third digit from the
Ieftis 5, 6, 7. 8, or 9; use zeron for cach
successive digit toward he right from
the second digit. For example, a count of
142 is recorded as 140, and a count of
155 23 160, whereas a count of 37 is re-
corded as 1§,

10, Reporting Counts

R counts as “Standard Plate
Count or "Estimated Standacd Plate
Count'* per milliliter.

4
L

W
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EXPERIMENTAL PROCEDURES FOR XANTHATE FLOTATION
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APPENDIX B-2
EXPERIMENTAL PROCEDURE FOR XANTHATE FLOTATION
Equipment:
One 4-liter heavy-duty beaker

500-ml collection beakers
Mechanical stirrer {from KPEG reactor setup)

Chemicals:

Potassium amyl xanthate (AERO 350)
2-Ethylhexanol (AEOFROTH 88 Frother)
Deionized water -

Procedyre -- Bun 1.

Filled 2 sight-ounce glass sample jars with raw (untreated) soils/sediment from a
previously homogenized container of soil/sediment,

Placed 500 g of untreated soli/sediment in the 4-L begker. Tited the beaker and
secured In place with clemps. Added 3.5 L delonized water. Began slow stirring
of the soll/sediment slurry. Began bubbling air through the mixture. Added 1
pellet of potassium amyl xanthate (xanthate) and 1 drop of 2-ethythexanol (frother),

No froth appeared. Stopped mixing after 5 minutes...the action destroyed the
iimited bubbles which were forming.

increased xanthete to 3 pellets (~0,27 g) and increased frother to 6 drops. No
improvement in frothing abserved,

increased xanthete to 5 pellets (~0.45 g) and increased to 16 drops, No
improvement in frothing observed.

Mixed slurry by hand and skimmed off existing bubbles with a plastic spoon.
Treatment was stopped after 40 minutes.

. The soli/sediment was allowed to settle in the flask. The aqueous layer was
. ‘decanted and placed In a liquid hazardous waste collection drum.

AR302976
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Filled ane eight-ounce sample Jar with treated soll/sediment.

Cleaned glassware with scap and hot water. Rinsed with methanol and delonized
water. Rinsate placed in liquid-hazardous waste callection drum.

Procedure -- Aun 2
Dissolved 8 pellets (~0.75 g) of xanthate and 16 drops of frother in 3.5 L delonized
water in the 4-L beaker.

Placed 500 g of untreated soll/sediment In the 4-L beaker. Tilted the beaker and
secured in place with clamps, Began slow stirring of the soll/sediment slurry.
Began bubbling air through the mixture,

Very little froth appeared. Stopped mixing after 15 minutes...the action destroyed
the limited bubbles which were forming. i

Mechanically "coaxed" bubble formation by hand stirring the slurry and moving the
bubbler closer to the surface,

Skimmed off frath bubbles with a plastic spoon. Treatment was stopped after $orv

minutes.

The soll/sediment was allowed to settle in the flask. The aqueous layer was
decanted and placed in a liquid hazardous waste collection drum,

Filled one eight-ounce sample jar with treated soil/sediment.

Cleaned glassware with soap and hot water. Rinsed with methanol and delonized
water. Rinsate placed in fiquid hazardous waste collection drum,

Samples were labeled, packed in ice, and shipped.
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STANDARD OPERATING PROCEDURE FOR
LOW-TEMPERATURE THEAMAL DESORPTION
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APPENDIX B-3

STANDARD OPERATING PROCEDURE FOR
LOW-TEMPERATURE THERMAL DESORPTION

Equipment:

Aluminum tray

Reaction flask with stirring paddle and motor assembly
Thermometer

heating mantle with variable transformer

Nitrogen gas cylinder

Water-cooled condenser

Laboratory scale

Staintess steel spoon

1 liter volumetric flask

Vacuum

Beagents:

Delonized water

Laboratory detergent (for decontamination)
10% nitric acld (for decontamination)
Methanol (for decontamination)

Procedure:

Inside fume hood and using a stainless steel spoon, transfer 800-g aliquot of
homogenized surface soll/sediment to a desorption vessel and spread it In a
uniform fayer on the bottom of the vessel (see Figure 6-2).

Place the glass caver on the desorption vessel and close the clamps. Turn an the
condenser water, nitrogen gas, and vacuum,

Turn on the heating mantle and s: . the temperature control paint for 300°F (149°C)
test temperature to heat the soll Inside the reaction flask. Monh&'ﬁ'@ ﬁrgpéi%atare
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of the sall continuously (at every 15 minutes interval) until it reaches 300°F. Sta
the tmer and record the time and temperature of the soil every 5 minutes.

When the prescribed residence time (15 ar 30 minutes) at the target temperature
of 300°F s reached, turn off the heating mantle. Continue tha nitrogen purge until
the soll coals to ambient temperature,

Remove the vessel cover and weigh the reaction vessel. Scrape as much soli as
possible out of the vessel with a stainless steel spoon and place it in a clean empty
aluminum tray. Weigh the empty reaction vessel,

Collect samples of the soil for analysis and cool them to 4°C. Repeat steps 1
through 6 until sufficient soil has been collected for analysis, if multiple runs are
required, collect all soil in one Jar and homogenize it before submitting it for
analysis.

Decontaminate the equipment in the following order: detergent solution, tap water,
nitrie acid, tap water, methanol, and deionized water. Allow the equipment to dry.

In addition to runs at 300°F, tests will also be conducted at S00°F. For these
tests...repeat steps 1 through 7, except at step 3 reset the temperature controller
for the S00°F test temperature, (W

Sufficient soil must be prepared at S00°F and 30 minutes to conduct further
treatability studies (solidification/stabilization),

AR302980 W
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APPENDIX B4

STANDARD OPERATING PROCEDURES FOR
SOLIDIFICATION/STABILIZATION
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APPENDIX B-4.1

STANDARD OPERATING PROCEDURE FOR
CEMENT-BASED SOLIDIFICATION/STABILIZATION

Equipment:

Reaction flask with stirring paddle and motor assembly

Laboratary scale :

Stainless steel spoans

Cylindrical molds 6.5 cm in diameter by 10 cm long for TCLP tests, and 7 cm in
diameter by 14.22 ¢m iong for UCS tests

Tamping tool

Hermetically sealed chamber

RBeagents:

Delonized water

Portland cement (Type Ii)

10% nitric acld (for decontamination)
Methanol (for decantamination)

Laboratory detergent (for decontamination)

Procedure:

Based on the water-to-total solids ratio of 0,25, determine the amount ot delonized
water that Is required to solidify the soll samples with a binder-to-soil ration of 0.4,

inside fume hood, place the water in a reaction flash (No. 1) which is fitted with a
stiming paddle. A motor assembly is attached to the shaft of the stiring paddie
(see Figure B-2),

Place 800 g of the sail residue from low-temperature thermal desorption in &
second reaction flash (No. 2). Place the glass cover on the fiask and seal with the

metal clamps.
o AR302982
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Homogenize the soil inside reaction flask No. 2 by turning on the stirrers for 10
minutes, :

Based on the binder-to-soll ration of 0.4, add 320 g of portland cement (Type Il) ‘
to the sail in reaction flash No. 2. Again, mix the contents of the flask for 10
minutes.

Gradually empty the sail-cement mixture from reaction flask No. 2 to the deionized
water in reaction flask No. 1. Use a stainless steel spoon to homogenize the
material for 10 minutes,

Pla: °he mixture in clear-rigid cylindrical molds to provide solidified samples for
the .. .anfined compressive strength (UCS) and modified TCLP leach tests. The
molds should be thoroughly sealed to prevent migration of water out of the soil-
cement mixtures, UCS sample will be placed In 7-cm-diameter by 14.22-cm-long
molds. TCLP sample will be placed in 4.5-cm-diameter by 10-cm-long molds.

To assure that the molds are completely filled and any alr bubbles and voids that
may have developed during sample mixing are removed, tamp the walls of the
molds lightly with a plastic tamping tool until the samples no longer seem to
reduce volume with repeated tamping, t

f
Place the molds inside zip-lock storage bags at 72°F (+ 5§°F) and allow them t?:
cure for at least 14 days.

Decontaminate the equipment in the fallowing order: detergent solution, tap water,
0.1 N nitric acid, tap water, methanol, and deionized water. Allow the equipment
to dry,

Repeat steps 1 through 10 using a binder-to-soil ratio of 0,25, At step 5, add 200
g of portland cement to the soll in reaction flash No. 2,

For solidffication of the raw (untreated) soil samples, repeat steps 1 through 11,
excopt In step 5 based on the 31.1 percent water content of the soll samples, add
2443 g and 152.7 g portiand cement to the sails. To prepere solidified samples
with B/S ratios of 0.4 and 0.25 respectively.

AR302983 W




ORIGINAL
(Red)

APPENDIX B-4.2

STANDARD OPERATING PROCEDURE FOR
ASPHALT-BASED SOLIDIFICATION/STABILIZATION

Equipment:

Reaction flask with stirring paddie and motor assembly

Thermometer

Heating mantle with variable transformer

Cylindrical molds 4.5 cm in diameter by 10 cm long for TCLP tests, and 3.8 cmin
diameter by 8.4 cm long for UCS test

Laboratory scale

Stainless stee! spoons

Tamping tool

Reagents:

Deionized water

10% nitric acld (for decontamination)
Methanol (for decontamination)

Laboratory detergent (for decontamination)
Kerosene (for decontamination)

Asphalt

Procedures:

Inside fume hood, place 500 g of the sall residue fram the low-temperature thermal
desorption process In a reaction flask (No. 1) that has been fitted with a
thermometer and a stiring paddle, A motor assembly is attached to the shaft of
the stirring paddle (see Figure B-3), Place the glass cover on the flask and close
the metal clamps,

Place 1200 g of asphalt in a secand reaction flask (No. 2) that is fitted with a
thermameter. Place the reaction flask into the heating mantle and hit it until the
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asphalt inside the flash melts, Adjust the temperature of the heating mantle so that
the asphalt remains In a liquid state throughout the experiment. Record the
temperature of the asphalt.

Homogenize the soll residue inside reaction fiash No. 1 by turning on the stirrer for
10 minutes. Heat the soll to ~60°C for butter mixing with asphait,

Based on B/S ration of 1, remove 500 g of liquid asphalt from reaction flask No.
2 and add & to the soll in reaction flash No. 1.

Use a stainless steel spoon to mix the soil and asphalt inside reaction flask No, 1
for 10 minutes. The temperature of the mixture should be adjusted so 1 is at the
same temperature recorded in step 2,

place the mixture in clear-rigid cylindrical molds to provide samples for the modified
TCLP leach tests and the UCS test. The UCS samples will be placed in 3.8 cmin
diameter by 8.4-cm-long cylindrical molds. The TCLP samples will be prepared by
placing the soll asphalt mixture in 4.5-cm in diameter by 10-cm-long cylindrical
molds.

To assure that the molds are completely filed and any voids that may have
developed during sample preparation are removed, tamp the walls of the mo|¢ I
fightly with a plastic tamping tocl until the samples no longer seem to reduce In
valume with repeated tamping.

Place the molds inside zip-lock bags at 72°F (15°F) and allow them to cure for at
least 14 days,

Decontaminate the equipment using the followlrig sequenca: kerosene, tap water,
laboratory detergent, tap water, 10 percent nitric acid, tap water, methanal, and
deionized water. Allow the equipment to dry.

Repeat steps 2 through 9, &t step 4 remove 250 g of liquid asphalt from reaction

flash No. 2 and add it to the soil in reaction flash No, 1 to prepare solidified
samples with B/S ratlo of 0.5,
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APPENDIX C

ANALYTICAL DATA FOR UNTREATED SOIL AND GROUNDWATER,
LOW TEMPERATURE THERMAL DESORPTION STUDIES,
AND SOLIDIFICATION/STABILIZATION STUDIES
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APPENDIX C-1

ANALYTICAL RESULTS FOR HSL COMPOUNDS IN
UNTREATED SOILS, SEDIMENT AND GROUNDWATER SAMPLE
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CERTIFICATE OF ANALYSIS

Halby T&E Facility Dates Hay 24, 1990

Attnt Judy Hessling (PRI)

Job Number PN 3741-60-2
This is the Cartificate of Analysis for the following samples:

Cllent Project ID: Halby T&E Pacility
Date Received: Hay 17, 1990

Work Ocder: X0=-05-134

Nusber of Samples: 3

Sample Type: Soll and Water

I, Introduction

Two soil and one water eample arrived at ITAS Cincinnati on May 17, 1990. The samples
ware sent for analytical work in support of work at Halby TGE Facility. The samplas
were collected on May 16, 1990 and were lsbeled as follows;

Soll Sample 3741-X02~5/16 Sediment 3741-X03-5/16 Water Sample 3741~-X01~5/16

II. Analytical Results/Methodology

The analytical results for this report are presented by analytical test, Each set of
data will include sample identification information, the analytical results, and the
appropriate detection limits.

The analysss requested and mathods used are listed on Table I,

Reviewed and Approved by:

i

Ken Mueller
Inorganic Group Leader
Q05134

A Council of lidepamiam L
| A ol Env | Tosting Lak
Amencan Association b Latmiranary Accrediatin

IT Analytical Services « 11499 Chester Road » Cincianatl, OH 45246 « 513.782-4600

AR302989
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‘ Client: Halby T6E Facllity
Work Order: X0-05~134
00513401
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II1I. Quality Control

Immediately following the analytical data for the samplen can ba found the QA/QC
information that pertains to these samples. The purpose of this information

is to demonstrate that the data enclosed is scientifically valid and detunsiblae.
This QA/QC data is used to asmess the laboratory‘'s performance during the analysis
of the samples it accompanies. All quantitations were performed from within the
calibrated range of the analytical instrucent.

AR302990 &
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Work Order: X0-05-134 IT ANALYTICAL SERVICES
00513402 CINCINNATI, OBy e

{Red)

TABLE I

Parameter Methodas for Soile Methods for Water

g ey e o s o ot o g o 0 e e . e g o o 0 0wy

Cyanide 9012 9012
Phenolics 9065 9065

Aluninum 3050/6010 3010/6010
Antimony 3050/6010 3010/6010
Arsenic 3050/7060 7060

Barium 3080/6010 3010/6010
Beryllium 3050/6010 3010/6010
Cadmium 3050/6010 3010/6010
Calcium 3050/6010 3010/6010
Chromium 3050/6010 3010/6010
Cobalt 3050/6010 3010/6010
copper 3050/6010 3010/6010
Izon 3050/6010 3010/6010
Lead 305076010 3010/6010
Hagnesium 3050/6010 3010/6010
Hanganese 3050/6010 3010/6010
Mercury 7471 7470

Nickel 3050/6010 3010/6010
Potassium 3050/6010 3010/6010
Selenium 3050/7740 7740

Silver 3050/6010 . 2010/6010
Sodium 3050/6010 ' 3010/6010
Thallium 3050/6010 3010/6010
Vanadium 3050/6010 3010/6010
Zinc 3050/6010 3010/6010
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clients Halby T&K Facklity
Work order: X0-05-134
00512403

Analytical Reaults, ug/g

Client Sasple ID Soil Sample Sediment
3741-X02-5/16 3741-%03/5/16

Lab No. 01 02

Datection
Paraseter ) Limit

e e 0 0 o 0 et e O o

Cyanide 1
Phanolice 0.6

Aluninua
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calciun
Chromium
Cobalt
Copper
Iron
Lead
Magnasium
Manganese
Mexcury
Nickel
Potassium
Selenium
Silver
Sodlum
Thallium
Vanadium
Zinc

S o
s
= -]

o

0
0.
Q

oo

ooo

o

O -

- O W
BNV NBOLMNMONMMMUUVLNNMNWNONWED

oo

ND= Not Datected
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clients Halby TGE Facility ’ e
Work Ocderi X0-05-134 IT ANALYTICAL SERVICES
00513404 CINCINNATI, OH
- ORIGINAL
(Red)

Analytical Resulc;, mg/k

Client Sample ID Water Sample
3741-X01-5/16

Lab No. [oX]

Detection
Limit

Parameter

Cyanide 0.06 0.02
Phenolica ND 0.03

Aluminum
Antimony 0.2
Arsenic
Barium
Beryllium
Cadnium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magneeium
Manganese
Nercury
Nickel
Potaasium
Selenium
Silver
Sodium
Thallium
Vanadium
Zine

ND = Not Detected
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échnt: Halby TGE Facility
Work Order: X0-5-134
00513408

Quality Control
Standard Reference Solutiona

Theoratical Percent
Parameter Value, mg/L Recovery

- -t o o e s o

Cyanide 10 94.8
Phenolice 2 101, 106

101, 97.2

94.2, 90.9
90.4, 89.1, 91.7
105, 101

93.6, 99.0
92.8, 97.1

107, 98.2

97.3, 93.5
96,0, 93.5
92,5, 93.6
95.9, 97.9

102, 95.6

98.0, 104

104, 101

101, 92,0, 98.0
Nickel 91.6, 95.0
Potassium 95,5, 92.9
Selenium 90,5, 89.5, 92.5
Silver 1 110, 103

Sodium 90.2, 97.4
Thallium 98,0, 89.6
Vanadium 99.3, 97.8

Zinc 95.0, 94.6

Aluminum
Antimony
Argenic
Barium
Beryllium
Cadmium
Calciun
Chromium
Cobalt
Copper
Iron

Lead
Hagnesium
Manganeae
Mercury

o
-

o
m

O P RN s b e e 3N e

(=
-
-

N
LEl
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SERVICES g

CERTIFICATE OF ANALYSIS

ITAS Cincinnacd Date: June L4, 1990
11499 Chester Road
Cincinnaci, OH 45246
Aten: Mr Michael Taylor
NJ Lab Cercification IDw: 12064

Job No,: 805317 P.0, Number: 805317
This s the Certificate of Analysis for the following samples:

Client Project ID: PEI - Halby
Date Received: 05/17/90
Humber of Samples: 2

Sample Type: Soil

T Samples were labeled as follows:
SAMPLE_[DENTIFICATION BORATORY #

3741-X02 F0+05+175-01
3741-X03 F0-05-175-02

Reviewed and Approved:

/'/ Jackie Red!.ngco#

v Froject Manager

1A

y Accreditation

{T Analytical Services ¢ 165 Fieldctest Avenue, Edison, NJ 08837 « (201) 225.2000 LA

AR302995
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Page: 2 IT ANALYTICAL SERVICE
Company ITAS Cincinnati EDISON, NJ  ORIGINAL

Date: June 14, 1990 (201) 225-2000 {R _
Client Job No,: 805317 Work Order: FO\.,/-175

—

SAMPLE 1D 3741-%02 3741-X03

SAMPLED 05/16/90 05/16/90

TEST

44 ”

Total Solids
0.01] 0.01)
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Page: 3 IT ANALYTICAL SERVICES
Company: ITAS Cineinnat EDISON, NJ OR;"S‘)AL
Date: June 14, 1990 (201) 2252000 (Re
. Client Job No.: 805317 Work Order: F0~05-175
“

TEST NAME: Pesticides & PCB's

SAMPLE 10! 3741-X02
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/22/90

Results in ug/Kg Detection
Dry Wt Limic

Aldrin 16
Alpha-BYC 76
Beta-BHC ND 76
Delta-BHC ND 16
Gamma-BHC ) ND 16
4,4'-DDD _ND 150
4,4'-DDE ND 150
4,4'-DDT , ND 150
Dieldrin ND 150
Endosulfan I ND 150
Endosulfan II 150
Endosulfan Sulfate 150
Endrin 150
Endrin Aldehyde *_ND 150
Heptachlor 16
Heptachloxr Epoxide 16
Toxaphene 7600
Arochlor 1016 1500
Arochloxr 1221 1500
Arochlox 1232 1500
Arochlor 1242 1500
Arochlor 1248 1500
Arochlor 1254 1500
Arochlox 1260 1500
Chlordane 769
Méthoxychlor 160

Comments: ND indicates the compound is not decacted at che level
indicated.
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Page: 4

Company ! ITAS Cincinnaty
Date: June 14, 1990
Clienc Job No.: 805317

TEST NAME: Acid/Base Neutrals

SAMPLE 1D: 3741-X02
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/18/90

Results in ug/Kg
Dry We,

Acenaphthene
Acenaphthylene

Authracene

Benzidine
Benzo(a)Anthracene
Benzo(b)Fluoranthene
Benza(k)Fluoranthene
Benzo(a)Pyrene
Benza(g,h,i)perylene
bis(2-Chloroethyl)Ether
bis(2-Chlozosthoxy)Hethane
bis(2-Ethylhexyl)Phthalate
bis(2-Chloroisopropyl)Ether
4-Bromophenyl Phenyl Ether
Butyl Benzyl Phthalate
4.Chlaroaniline
2-Chloronaphthalene
4-Chlorophenyl Phenyl Ether
Chrysene
Dibenzo(a,h)anthracene
Dibenzofuran
Di-n-butylphthalace
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichloxobanzene
3,3'-Dichlorobanzidine
Diethylphthalate
Dimechylphthalate
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-Octylphthalace
1,2-Diphenylhydrazine
Fluoranthene

Fluorene

Hexachldrobenzene

IT ANALYTICAL SERVICES |
FDISON, NI ORIGiNAL

(201) 225-2000 (R% s
Work Order: FO04, ;<175 .

Datection
Limit




Fage: 2 IT ANALYTICAL SERVICES
Company: ITAS Cincinnati EDISON,NJ  URIGINAL
Date: June 14, 1990 (201) 225-2000  (Red)
Client Job No,: 805317 Work Order: F0-05.175

m

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-X02
SAMPLE DATE: 05/16/90

Hexachlorobutadiene
Hexachloroethane
Hexachlorocyclopentadiene
Indeno(l,2,3-cd)pyrene
Isophorane
2-Methylnaphthalene
Naphthalene

2-Nitroaniline
3-Nitroaniline
4«Nitroaniline
Nicrobenzene
N-nitrese-dimethylamine
N-Nitrosodipropylamine
N-Nicrosodiphenylamine
Phenanthrene

Pyrene
1,2,4-Trichlorobenzene
Benzolic Acid

Benzyl Alcohol
4-Chloro-3-methylphenol
2-Chlorophenol
2,4-Dichloraphencl
2,4-Dimethylphenol
2,4-Dlnitrophenol
4,6-Dinltro-2-mechylphenol
2-Methylphenol
4-Mechylphenol
2-Nitrophenol i
4-N{trophenol

Pentachloraphedol N 7500
Phenol 1500
2,4,5-Trichlorophenal 750
2,4,6-Trichlorophenal 500

Commencs: ND indicates the compound {s not detected at the level
indicated,
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Company: ITAS Cincinnati NI ooy |
Date: June 14, 1990 (201) 2252000 Reyﬂl !

Clienc Job No.: 805317 Work Order: FO-{ )75 |
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Page: 6 v
l

TEST NAME: Volatile Organics

SAMPLE ID: 3741-X02
SAMPLE DATE: 05/15/90
ANALYSIS DATE: 05/23/90

Results in Datection
Liaic

Acrolein

Acrylonitrile

Benzene

Bromeform

Bromomethane

Carbon Tetrachloride
Chlorobenzena
Chlorodibromomethane
Chloroethane
2-Chloroethylvinyl Ether
Chloroform
Chloromethane
Dichlorobromomethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloropropane
¢is-1-3-Dichloropropens
trans-1-3-Dichloropropens
Ethylbenzene

Methylene Chloride
1,1,2,2-Tetrachloroathane
Tectrachloroethens
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloragthane
Trichlorosthene
Trichlorofluoromethane
Vinyl Chloride

Acetone

2-Butanone

Vinyl Acetate
2-Hexanone
4-Methyl-2~Pentanone
Styrene

Xylenes .

AR303000w
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Company ITAS Cincinnatl
Date: June 14, 1990 (201) 226-2000  (Red)

Client Job No,: 805317

Work Order: F0-05-175 °

TEST NAME: Volatile Organics

SAMPLE 1ID: 3741-X02
SAMPLE DATE: 05/16/90
Carbon disulfide 5400 2300
Total 1,2-Dichloroethens ND 1100
ND indicates the compound is not detected at the level
indicated.

Comments:




Page: ¢ . IT ANALYTICAL SERVICES
Company: ITAS Cincinnati EDISON, NJ ORIG‘NRL

Date: June 14, 1990 (201) 225-2000 (e ‘
Client Job No.: 805317 Work Order: ;.-0@,175 :

TEST NAME: Pesticides & FCB’s

SAMPLE ID: 3741-X03
SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/22/90

Results in ___ug/Kg  Detection
. Dry We. Limic

Aldrin Lyl 21
Alpha-BHC 21
Beta-BHC 21
Delta-BHC 40 21
Gamma-~BHC ND 21
4,4'-DDD 43
4,4' -DDE 43
4,4'-DDT 43
Dleldrin 43
Endosulfan I 43
Endosulfan II 43
Endosulfan Sulfate 43
Endrin 43
Endrin Aldehyde 43
Heptachlor 21
Heptachlor Epoxide 21
Toxaphene 2100
Arachlor 1016 430
Arachlor 1221 430
Arachlor 1232 430
Arochlor 1242 430
Avochlor 1248 430
Arochlor 1254 430
Arochlor 1260 430
Chlordana 210
Mathoxychlor 210

BB

L%%%E%%%L%%L%%%%%%

3
BEIB

Commencs: ND indicates che compound is not detected at the level
indicated,
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Company: ITAS Cincinnati
Date: June 14, 1990
Client Job No,: 805317

IT ANALYTICAL SERVICES

EDISON. %J  gpiginaL

(201) 226-2000 (R}
Work Oxder: F0-05-175

m

TEST NAME: Acid/Base Neutrals
SAMPLE ID: 3741-X03

SAMPLE DATE: 05/16/90
ANALYSIS DATE: 05/18/90

Resules in __ug/Kg
Dry We,

Acenaphthene

Detection
Limit

860

Acenaphthylene

860

Anthracene

860

Benzidine

860

Benzo(a)Anthracene

860

Benzo(b) Fluoranthene

860

Banzo(k)Fluoranthene

860

Benzo(a)Pyrene
Benzo(g, b, 1)perylene

860
860

860

bis(2-Chloroethyl)Echer
bis(2-Chloroethoxy)Methane

860

bis(2-Ethylhexyl)Phthalace
bis(2-Chloroisopropyl)Ether
4-Bromophenyl Phenyl Ether
Butyl Benzyl Phthalate
4-Chloroaniline

— 860
860

—

2-Chloronaphthalene

LALLL

4-Chlorophenyl Phenyl Ether

. Chrysene

”
B

Dibenzo(a,h)anthracene

Pibenzofuran

Di-n-butylphthalate

1,2-Dichlorobenzene

1,3-Dichloraberizene

1,4-Dichlorobenzens

3,3'-Dichlorobenzidine

Diethylphthalate
Dimethylphthalate

L%LE%%E%%

2,4-Dinitrotoluene
2,6-Dinitrotoluene

Di-n-Qctylphthalate

1,2-Diphenylhydrazine

Fluoranthene

Fluorene

Haxachlorobenzene
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Page: 10 IT ANALYTICAL SERVICES| -
Company ITAS Cincinnati EDISON, NJ  ORIGINAL '

Date: June 14, 1990 (201) 225-2000 {Red)
Clienc Job No,: 805317 Work Order: Fo-(?ms

|50 A

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-X03
SAMPLE DATE: 05/16/90

Hexachlorobutadiene
Hexachloroethane
Hexachlorocyclopentadiene
Indeno(1,2,3-cd)pyrens
Isophorone
2-Methylnaphthalene
Naphthalene
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
N-nitroso-dimethylamine
N-Nitrosodipropylamine
N-Nitrosodiphenylamine
Phenanthrene
Pyrene
1,2,4-Trichlorobenzene
Benzoic Acid
Benzyl Alcohol
4+Chloro-3-methylphenol
2-Chlorophenol
2,4.Dichlorophenol
2,4-Dimethylphenol 860
2,4-Dinitrophenol 4300
4,6-Dinitro-2-mechylphenol —_t300
2-tethylphenol 860
4+Methylphenol 860
2-Nitrophenol : 860
—6300
—4300
— 860
—~—300
— 860

4-Nitrophenol
Pentachlorophenpl
Phenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol

Comments: ND indicates the compound is not detected at the level
indicated,
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Foge: ! IT ANALYTICAL SERVICES
Company ITAS Cincinnati EDISON, NJ  qgricinAL
Date: June 14, 1990 (201) 225-2000 (Red)
Client Job No,: 805317 Work Order: F0-05-175

S ——

TEST NAME: Volatile Organics

SAMPLE ID: 3741-X03
. SAMPLE DATE: 05/16/90
ANALYSIS DATE:  05/22/90
' Results in ug/Kg Detection
Dry We, Limic

00
1,3000
1300
1300
1300
1300
1300
1300
1300
1300
1300
1300

Acrolein

Acrylonitrile

Benzene

Bromoform

Bromomethane

Carbon Tetrachloride
Chlorobenzene
Chlorodibromonethane
Chloroethane
2-Chloroethylvinyl Ether
Chloroform

Chloromethane
Dichlorobromopethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethenc
1,2-Dichloxopropane
cis-1-3-Dichloropropene
trans-1-3-Dichloropropene
Ethylbenzene

Methylene Chloride
1,1,2,2-Tatrachloroethane
Tetrachloroethene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloropthane
Trichloroethens
Trichloroflus-nmethane
Vinyl Chloride

Acetone

2-Butanone 2600
Vinyl Acetate 9600
2-Hexanone 2600 -
4-Methyl-2-Pentanone 2600
Styrene 2600
Xylenes 2600

1300
1300
1300
1300
1300
1300
1300
1300
1300
1300
1300
1300
1300

00
1300
1300
2600

L%l%% %%%%Llé %%%Jé =55 %J%%l%l%
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e IT ANALYTICAL SERVICE:
Company! ITAS Cincinnaci EDISON, NI qricinaL |/

Date: June 14, 1990 (201) 225-2000 (Red) :
Clienc Job No.: 805317 Work Ocdex: FO/:).175|".

TEST NAME: Volatile Organics

SAMPLE ID: 3741-X03

SAMPLE DATE: 05/16/90
Carbon disulfide D 2600
Total 1,2-Dichlorosthene D 1300

Comments: ND indicates the compound is not detected at the level
indicated,

AR303006 W




Page: 14 IT ANALYTICAL SERVICES
EDISON, NI~ goeimt.

Company ITAS Cincinnath
Dacg: June 04, 1990 (201) 225-2000 (Red)

Client Job No.: 805317 : Work Ocder: F0-05-175
“

I1I QUALITY CONTROL

The Daterminations were performed in accordance with EPA/NJDEP approved
mathodology.

Bis(2-Ethylhexyl)phthalate was observed to be present in soil QC
blank 203 at a concentration of 172 ug/Kg.

AR303007
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Page: 13 IT ANALYTICAL SERVICES
: EDISON. NJ m"'ul'.‘.‘i At ‘

Company ITAS Cincinnati !
Dncz: June 04, 1990 (201) 225-2000 :ft*y

Client Job No.: 805317 Work Order: FO-vus17$
e e,
1T ANALYTICAL RESULTS/METHODOLOGY

The analycical results for this report are presented by Analytical test,
Fach set of data will Include sample identification lnformatian, che
analyctical results, and the appropriate datection limits. Detection limits
may vary due to factors arising from concentration/dilution of the sample
and sample matrix. ND denotes that the compound {3 not detected at or above
the indicated detection limit, The wmethodologies for the analytical

results requested are described below,

Yasticides/PCB’'s (Soil)

The analysis of pesticides and PCB’'s {s based on Test Methods for Evaluating
Solid Waste (SW-846), 3rd Edition, Method 3550 and Method 8080, An aliquot of
sample is sonicated three times with a l:l solution of mechylene
chloride/acetone and exchanged to hexane. The extracts are dried through sodium
sulfate and concentrated, The extract is then separated by gas chromotography
and the analytes are measured using an electron capture detector,

Base/Neu:: 1l and Acid Extractable Organics - GC/MS (Solid) ¢
i
The analysis ¢: sase/neutral and acid extractables organics is based ob Test
Methods for Evaluating Soild Waste (SW-846), 3rd Edicion Method 3550 and 8270.
An aliquot of sample is sonicated three times with methylene chloride, The
extracts are dried through sodium.sulfate, concentrated and analyzed by mass
spectroscopy.

Volatile Organics - GC/MS (Solid)

For the analysis of volatile organics in soils, SW-846, 3RD Edition, Method
8240 is employed. The volatile organic compounds are introduced into the gas
chramatograph by the purge and trap method, The purgeables are efficiencly
transferred from the aqueous phase to the vapor phase. The vapor is swept
through a sorbent coluan where the purgeables are trapped, After purging is
caomplated, the sorbent column is heated and backflushed with the inert gas to
desorb the purgeables onto a gas chromatographic column. The gas chromatograph
is temperature programmed to separate the purgeables .liich are then detected
with a wass spectromecer,

Total Solids

The analysis of total solids is based on Sr ndard Mechods, l16th Edition -
(209F). A well mixed sample is evaporatec 1 a weighed dbj? ried

to constant weight, The increase in welght ver that of t egaiif‘lﬁhB -
represents the total solids.

c-a
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CERTIFICATE OF ANALYSIS

ITAS Cincinnacd Date: June 04, 1990
11499 Chescar Road
Cincinnaci, OH 45246

Attn: Mc Michael Taylor
NJ Lab Certification IDm: 12064

Job No.: 805317 P.0, Number: 805117
This is the Certificate of Analysis for the following samples:

Clienc Project ID: PEI/Halby
Date Received: 05/17/%0
Numbexr of Samples: 1

Sample Type: VATER

1 Samples were labeled as follows:

SAMPLE YDENTIFICATION  LABORATORY &
3741-X01 F0-05+174.01

Reviaved and Approved:

Ql é : ﬁ!f E )
JJackie Redingt

Projsct Manager

Amencan Council of inaepandaent Laboralonies
A ot Env Tesling Lab
Amencan Assecighon :21 Lahotaiary Accradilalion

[T Analytical Servicas « 165 Fleldciest Avenue, Edison, NJ 08837 «(201) 225-2000 e

AR303009
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foae: IT ANALYTICAL SERVICES|
Company: ITAS Cincinnact EDISON, NJ Optaina
Date: June G4, 1990 : (201) 225-2000 (Reg)
Client Job No,: 805317 Work Order: FO'C:DL7“

TEST NAME: Pesticides & PCB's

SAMPLE ID: 3741-X01
SAMPLE DATE: 05/16/90
ANALYSTS DATE: 05/22/90

Results in ____ug/l  Detection
Limit

0,25
0,25
0,25
0,25
0,25
0,50
0,50
0,50
0.50
0.50
0.50
0.30
0,30
0,50
0,25
0,25

Aldrin
Alpha-BHC
Bata-BHC
Delta-BHC
Gamma-BHC
4,4'-DDD

4,4 -DDE
4,4'-DDT
Dieldrin
Endosulfan [
Endosulfan II
Endosulfan Sulfate
Endrin

Endrin Aldehyde
Heptachlor
Heptachlor Epoxide
Toxaphene
Arochlor 1016
Arochlor 1221
Arochlor 1232
Arachlor 1242
Arochlor 1248
Arochlor 1254
Avochlor 1260
Tech Chlordane
Hethoxychlor

=

kllkkkhbkkkkkkkkkkkkkk sk

Loroul)\h)u!u-mwm
oo loioio oo

Comments: NP fndicaces the compound {s not detected ac the level
indicaced,

AR303010




Page: 3
) e R
Company ITAS Cincinnati ' (Red)
Date! June 04, 1990 (201) 225-2000
Client Job No,: 805317 Work Ordex: F0.05-174

_m

«

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-X01
SAMPLE DATE: 05/16/90
ANALYSIS DATE:  05/18/30

Results in ___ ug/L Detection
Limit

Acenaphthene _ND 10
Acenaphthylene ——NO . lo
Anthracene ND 10
Benzidine ND 10
" Benze(a)Anthracene _ND 10
Benzo(b)Fluoranthene 10
Benzo(k) Fluoranthene 10
Benzo(a)Pyrene 10
Benzo(g,h,l)perylene 10
bis(2-Chloroechyl)Ether 10
bis(2-Chloroathoxy)Hethane 10
bis(2-Echylhexyl)Phthalate 10
bis(2-Chloroisopropyl)Ether
4-Bromophenyl Phenyl Ether
Bucyl Benzyl Phthalate
4-Chloroaniline
2-Chloronaphthalene
4-Chlorophenyl Phenyl Ether
Chrysene
Dibenzo({a,h)anthracene
Dibenzofuran
Di-n-bucylphthalate
1,2-Dichlorobenzene
1,3-Dichlorobentene
1,4.Dichlorobenzene
3,3'-Dichlorobenzidine
Diechylphthalate
Dimechylpnchalate
2,4-Dinicrotoluene
2,6:Dinitrotoluene
Di-n-Octylphchalate
1,2-Diphenylhydrazine
Fluoranthene

Fluotene

Hexachlorobenzene

3333333393433

AR30301 |




Fage: ¢ , IT ANALYTICAL SERVICRY,
Company' ITAS Cincinnaci EDISON, NJ OR.’GM{RL
Date: June 04, L990 (201)225.2000(!?':35 ‘ 5
Client Job No.: 805317 Work Order: F0+“,;174| :
i

m ;

TEST NAME: Acid/Base Neutrals

SAMPLE ID: 3741-X01
SAMPLE DATE: 05/16/90

Hexachlerobutadiene
Hexachloroethane
Hexachlorocyclopentadiene
Indeno(l,2,3-cd)pyrene
Isophorone
2-Mechylnaphthalene
Naphthalens
2-Nitroaniline
J.Nitroaniline
4-Nitroaniline
Nicrobenzene
N-nitroso-dimethylamine
N-Nicrosod{propylamine
N-Nicrosodiphenylamine
Phenanthrene

Pyrene
1,2,4-Trichlorobenzens
Benzoic Acid

Benzyl Alcohol
4-Chloro-3-methylphenol
2-Chlorophenol
2,4-Dichlorophenol
2,4~Dimethylphenol
2,4-Dinicrophenck }
4,6-Dinitro-2-methylphenol
2-Mechylphenal

4 -Methylphenol
2-Nicrophenol
4-Nitrophenol
Pentachlorophaenkl
Phenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol

E%s%é%%é%g%

géégéééékéé%ggégeésg%L

Comments: ND indicates the compound is not detected at the level
indicated,

AR303012




Page: - 3 IT ANALYTICAL SERVICES

Company: ITAS Cincinnaci EDISON, NJ -
Pate! Juna 04, 1990 (2o 225-2000 Wit uy\nm.
Client Job No.: 805317 Work Order: FOJBS.174

' m

]

TEST NAME: Volatile Organics

SAMPLE ID: 3741-X0L
SAMPLE DATE: 05/16/90
ANALYSIS DATE:  05/19/90

Results in ____ ug/L Detection
Limic

Acrolein 10000
Acrylonitrile 10000
Benzene ___looo
Bromoform 1000
Bromomethane 1000
Carbon Tetrachloride 1000
Chloraobenzene : 1000
Chlorodibromumethane 1000
Chloroethane 1000
2-Chloroethylvinyl Ether : 1000
Chloroform 1000
Chloromethane 1000
Dichlorobromomethane 1000
1,1-Dichloroethane 1000
1,2-Dichloroethane 1000
1,1-Dichloroethene 1000
1,2-Dichloropropane 1000
cls-1-3-Dichloropropene 1000
trans-1-3-Dichloropropene 1000
Ethylbenzene 1000
. Mechylene Chlaride 1000
1,1,2,2-Tetrachloroethane 1000
Tecrachloroethene 1000
Toluene 1000
1,1,1.Trichloroethane 1000
1,1,2-Trichloxopthane 1000
Trichloroethene 1000
Trichlorofluoromethane 1000
Vinyl Chloride . 1000
Acetone _ND 2000
2. Butanone 2000
Vinyl Acetate . 2000
2-Hexanone 2000
4-Mechyl-2-Fentanone 2000
Styrene 2000
Kylenes 2000

AR303013




IT ANALYTICAL SERVICES

Company: ITAS Cincinnaci EDISON, N§  ORIGINAL

Date: June 04, 1990 (201) 225-2000 Red) o8
Work Order: FO-fT\L74 |7~

page: 6

Clienc Job No.: 805317
fh‘# ! “‘

TEST NAME: Volatile Organics

SAMPLE ID: 3741-X0L
SAMPLE DATE: 05/16/90

Carbon Disulfide 73000 5000

Total 1,2-Dichlorcsthene

Comments: ND indicates the compound is not detected at the level
indicated,

AR30301L




Page: 7 IT ANALYTICAL SERVICES

Company ITAS Clncinnati EDISON, NJ 0RIGiNAL
Date: June 04, 1990 (201) 225-2000  (Red)
Client Job No.: 805317 Work Ocder: F0-05-174

IT ANALYTICAL RESULTS/METHODOLOGY

The analytical results for this report are presanted by Analycical test,
Each set of daca will include sample identification information, the
analyctical results, and the appropriate decection Limits., Detection Limits
_may vary due to factors arising from concentratlon/dilutfon of the sample
" 'and sample matrix, ND denotes that the compound i3 not detected at or above
the indicated detection limit, The methodologies for the analytical
results requested are described below,

Pesticides/PCB's (Water)

The analysis of pescicides and PCB's s based on EPA Method 608, An aliquot

of sample is extracted three times with methylene chloride and exchanged to
hexane. The extracts are dried through sodium sulfate and concentrated, The
extract is then separated by gas chromatography, and the analytes are measured
using an electron capcure detector,

Base/Neutral and Acid Extractable Organics - GC/MS (Water)

The analysis of base/neutral and acid excractable organics is based on EPA
Method 625. An aliquot of sample is serially extracted with methylene

chloride at a pHi greater than 11.0 and again at a pH less than 2.0 using a
separatory funnel, The extracts are dried through sodium sulfate, concentrated
and analyzed by mass spectroscopy.

Volatile Organics - GC/MS (Water)

For che analysis of volatile organics, EPA Methods 624 {s used. An inert gas
is bubbled through a sample contained in a specifically designed purging
chamber. The purgeables are efficiently cransferred from the aqueous phase

to the vapor phase, The vapor is:swept:through a sorbent column where the
purgeables are trapped, After purging is completed, the sorbent column {s
heated and hackflushed with the inert gas to desorb the purgeables onto a gas
chromacographic column, The gas chromatograph is temperature programmed to
separate the purgeables which are then detected with a mass spectrometer.

ITI QUALITY CONTROL
The Determinacions were performed in accordance with EPA/NJDEP approved

methodulogy,

Bis(2-Echylhexyl)phthalate was observed co be present in water QC
blank 200°ac a concentration of 13 ug/L, Aﬂaoso | 5

C-30




ORIGINAL
{Red)

APPENDIX C-2

ANALYTICAL RESULTS FOR INDICATOR COMPOUNDS IN
UNTREATED AND LTTD-TREATED SOILS AND CONDENSATE

AR303016 W




ORIGINAL
(Red)

APPENDIX C-2.1

Analytical Results For Indicator
Compounds In Untreated Salls

AR303017




[ﬂsmmmom ANALYTICAL ORIGINAL

EBRFORATION SERVICES (Red

CERTIFICATE OF ANALYSIS

Halby T&E Facility Daté: September 2%, 1950

Attnt Judy Hessling (PEI)

Job Humber PN 3741=60~2
This is the Certificate of Analysis for the followlng samples:

Client Project ID: Halby TGE Pacility
Date Received: June 1, 1990

Work Ocdexs X0-06-009

Humber f Samples: 4

Sample Types Soi)

1. Introduction

Four soll samples arrived at ITAS Cincinnati on June 1, 1990. The samplas ware sent
for analytical work in support of monitoring work at Halby T&E Facility. The samples
were labeled as follows:

Sedimant # LT-US-V-A €
Sediment # LT-US-V-8 4
Sedimant # LT-US-K-A
Sediment # LT-US-K-B

II. Analytical Results/Hethodology

The analytical results for this report ace presented by analytical test. Each et of
data will include sample identificatlon information, the anaiytical results, and the
appropriate detection limits.

The analyses :Cqunléid and methods usad are lleted on Table I. Organic data are not
blank corrected; inorganic data are.

Reviewed and Approved by:

Xen Musller
Inorganic Group Leader
006009

Cauncil ol ind dant |
| A o £ | Totling L
A A or | y decred

IT Asalrtical Secvices « 1499 Chester Road « Cinctanat, OB 4324 }3 B30 | 89

c-33




Clients. Halby T&E Facility
Hork Order: X0~06-009 IT ANALYTICAL SERVICES
00600901 CINCINNATI, OH
™ ORIGINAL
(Req)

IfI. Quallty Control

Inmediately following the analytical data for the samples can be found the QA/QC
information that pextaina to these samples. The purpose of this lnformation

is to demonstrate that the data enclosed Le sclientifically valid and defensible.
This QA/QC data is used to assess the laboratory’s performance during the analysis
of the namples it accompanies. All quantitations were performed from within the
calibrated range of the analytical instrumeat.

An requested, MS/MSD analyses were performed. The results are included in this

report,

IV, Comments

This report is being re-iseued to replade the report sent September 11, 1990, The
original report has incorrect compound names for the semi-volatiles.

AR303019




clientt Halby T&E Facility .
Work Order: X0-06-009 ITANALYTICALSRVICE“
00600902 CINCINNATI, OH -
ORIGIMAL

{f k‘.\;?

TABLE I

Parameter Methods for Soils

Sleve Analysis performed at FC a:mun‘

Cyanide 9012
Molsture ' ASTM D3173 '

Ammonia Water Extraction/350.2 f

Argenic 3050/7060
Cobalt 3050/6010

Copper 3050/6010
zinc 3050/6010

§ Volatile Organic
compounds as specifled

AR303020"




CLiants: Halby TGE Facility
Work orders X0-06-009 IT ANALYTICAL SERVICES
00600903 CINCINNATI, OHORIGINAL

{Red)

Analytical Resulta, ug/g

Client Sample 1D Sediment Sediment
# LT-US-K~A # LT-US~K-B

Lab No. 0 04

, Dataction
Parameter Limit

e 0 00

Cyanide
Moisture
Ammonia

Arsenic
Cobalt

Copper
Zinc

Sieve Analysis

0 1m0 10 3 e o ot

Sleva No, 4 41,01
Sieve No. 8 4,62
Sieve No. 16 5.80
Sieve No. 50 25,20
Sieve No. 100 10.24
Sieve No. 200 | 5.48

Passing through No. 200 7.65

Samples wara dried before analysis.

AR303021




Clients Halby T&E Facility , .
Work Order: X0-06-009 IT ANALYTICAL SERVICES

00600905 CINCINNATI, OH
ORIGINE )
{Red) ™

quality Adsurance Data

Matrix Spike/Duplicate Recovery Data

Client Sample IDt Sediment # LT-US-K-B
Lab Sample ID: X0-06~009-04

amt  Sample Conc
Compound Added  Amt. NS

Cyanide 300 32,6 625
Ammonia 300 115 390
Acsenic 200 248 age
Cobalt 200 11.7 190
Copper 200 328 462
z2inc 1200 1230 2430

) % Recov = (Conc MS (or MSD)~Sample Amt)/ Amt Added)X 100

RED = ((Conc.MS~Conc KSD)/(Conc H$ + Conc MSD)/2))X 100

AR303022




clienti:
Work Order: %0~06-009
00600904

N

Halby TGE Facility

IT ANALYTICAL SERVICES
CINCINNATI, OH
S5 NAL
iied)

Analyte

o o e o

Cyanide
Ammonia

Arsenic
Chromium
Cobalt
Copper
Zinc

Quality Contxol
standard Reference Solutiona

Theoretical
value

10.0
300

0.075
1

1
1
1

Parcent
Recavery

93.5, 92.1
98.0

95.1, 103
97.0
102.4
91.4
91.0

AR303023




.. Client: Halby T&E Facility
Hork Oxder: X0~06-009 nm&chL valcm .
00600920 CINCINNATI, OH 0 :

" i,

{frad)

Volatile Analytical Results, ug/Kg

Client Sample ID Sediment Sediment
# LT-US-V=-A | LT~Us-v-B

Lab No, 01 02

Datection
Analyte Limit

2-Butanone

Carbon Disulfide
Methylene Chloride
Tetrachloroethene

Toluene

ND = Not Detacted

AR30302hw




lients - Halby T&E Facillty

ork order: X0-06-009 IT ANALYTICAL SERVICES
0600921 CINCINNATI, OH .
el

Volatile Matrix Spike/Duplicate Recovary Data (1)

" :lient Sample ID: Sediment # LT~US-V~8
ab Sample ID: X0~06-009-02

Amt Sample' Cone MS o Conc MSD o

‘ompound Spiked Result Ms Recav MSD Recov

‘oluene 150 180 170 40

‘atrachlorocethene 150 170 170 40
{=Butanone ND 25 16 32
‘arbon disulfide ND 48 54 108
fathylena chloride 24 120 130 212

A Recov = (Conc MS (or MSD) =~ Sample Conc) / Conc Added) X 100

RPD = {(Conc.MS-Conc NSD) / {(Conc MS + Conc MSD) / 2)) X 100

(1) = The MS/MSD analysis was performed approximately one month
aftar the sample analysis because the project had been placed
on hold. These QC resulta should be used with caution.

AR303025




Client1.. Halby T&E Facllity
Work Order: X0-06-009 IT ANALYTICAL SERVICES |-
00600310 CINCINNATI, OH |

u'Rl‘.:."‘r‘\l/“l

(Hodp e

Quality Aesurance Data

Surrogate Recovery, Percent

d4~1,2~ p-Bromo=
Dichloro- dg- fluoro~
Client Sample ID Lab No. athane Toluene benzene

- - n e ELL LTS

0 oy o o o ot o o 0

Sediment # LT-US-V-A 01 96 113
Sediment # LT-US-V-A 01 Dil 99 103

Sediment # LT-US-V-B 02 Re 96 117
Sediment # LT~US-V-~B 02 MS | 97 119+
Sediment # LT-US-V-B 02 MSD 99 119+

Method Blank VBLKEG, 98 100
Method Blank VBLKES 102 101
Method Blank VBLKE4 97 99

* Surrogate recovery outside acceptance limita. Matrix aeffect also seen in sample
analysis. .

AR303026




.. chient: Halby T&E Facility
Work Orderi X0~06-009 nANMchL Smch

00600930 CINCINNATI, OHR"‘HHL
{fed)

semi~Volatile Analysie Data Sheet,
ug/Kg

client Sample ID Sediment Sediment
# LT-US-K~A # LT-US-K~B

03 04 Method Datection
Blank Limit
SBLK&38

Lab No.

Analyte

Chrysene

Pyrane

Fluoranthene
benzo(b)fluoranthene
benzo{k)fluoranthene
benzo(a)pyrene

ND = Not Detected

AR303027




clients ¢ Halby T&E Faclllty
Work Order: X0~06-009
00600906

Quality Assurance Data

Semivolatile Matrix Spike/Duplicate Recavery Data

Client Sample ID: Sediment A LT-US-K-B
Lab Sample ID: X0-06~009-04

Amt  Sample . Conc ) Conc \
Compound Added  Amt., MS Racov  MSD Recav

e g o o oomon . - o mme. avm—————— -

1,2,4 Trichlorobenzene 3300 0 3400 102 4120 124
Acenaphthene 3300 970 6020 152 6300 160
2,4 Dinitrotoluene 3300 0 4050 122 4400 131
Pyrane 3300 8250 12400 124 12700 135
N=Nitroeodi-n-propylamine 3300 3700 m 4200 126
1,4 Dichlorobenzene 3300 1710 51 3990 120
Pentachlorophenol 6660 9460 142 9530 143
Phenol 6660 7830 117 7880 118
2~Chlorophanol 6660 7060 106 7970 120
4-Chloro~3-methyl phenol 6660 8620 129 8420 126
4=Nitrophencl 6660 7030 106 6830 103

\ Recov = (Conc M8 (or MSD)~Sample Amt)/ Amt Added)X 100
RPD = ((Conc.MS~Conc MSD)/(Conc MS + Conc MSD)/2))X 100

Note: Due to a miscommunication, the sample was spiked with the
routine, internal 8piking compounds,

AR303028 w
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alients Halby T&E Faclility
Hork Ordes: %0~06-009
00600908

IT ANALYTICAL SERVICES
CINCINNATI, OH
ORIGINAL
(Red)

Quality Assurance Data

client Sample ID Lah No.

Semi-Volatile Surrogate Racovery, Percent
' 2,4,6-
ds~Nitro 2Fluoro di4~ dé=  2Fluoro Tr;btomo
banzene bkphenyl Terphenyl Phenol  phenol  phenol

Sediment LT~US-K-A 03

Sediment LT-US~K-B 04

Method Blank SBLKB38

78 84 86 73 18 69

90 97 a2 92 99

AR303029
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APPENDIX C-2.2

Analytical Results For Indicator
Compounds In Thermally-Treated Soils
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MR Ao

CERTTFICATE OF ANALYSIS

FEL Associates, Inc. Dates September 4, 1990

Attns Ms. Judy Hessling

Job Mumbexr PN 3761-60-2
This ie the Certificate of Analysis for the following eampleat

Client Project IDs Nalby TEE Facility
Date Recelved: July 3, 1990

Work Orders X0-07-030

Number of Samplest b

Sample Types Water

I. Introduction

One water sazple arrived at ITAS Cincinnati on July 3, 1990. The sample was sent
for analytical work in support of monitoring work for Halby Chemical Site Treatabllity.
The sazple was labeled as Water # 55-CON-v-500-10.

IX. Aoalytical Rasults/Methodology

The analytical rasults for this report are presented by analytical teat. Each set of
dats will include sazple identification information, the analytical results, and the
sppropriate detaction limite.

Tha analyses requested are listed on Table I of this report.

el

Ken Muelles

Inorganic Leader
007030

Amerioan Council of independent Labaratories
1A o : ! Toating lab
M . for Labormiory Accrec

it

IT Analytiox) Setvices + 1499 ChasterRoad + Clocinnatl, OR 43344 ¢« 5137024400

AR30303L
C-49




Work order: X0-07-030 IT ANALYTICAL SERVICES
00703002 CINCINNATI, OH

ORICIHAL
iRed) (\

I

i

14

Clients Halby T6E Facility |
i

111, Quality Control

Isaedistely following the analytical data for the sanples can be found the Qa/Qc
{nformation that pertains to these samples. The purpose of this information is to
demonstrate that the data enclosed Ls scientifically valid and defansible. This
QA/QC data is used to assess the lahoratory’s performance during the analysis

of the sasples it accompanies. All quantitations were performed from within the

calibrated range of the analytical instrusent.

1v. Cosments

The volatiles portion of the sample was received unpreservad.

AR303035 @




client: Halby T6B racllity
Work ordert X0-07-030 IT ANALYTICAL SERVICES

00703001 CINCINNATI, °5R!Gm'r’|L
(Red)

3

Araenic 7060

Chromium 3010/6010
Cobalt 3010/6010
Copper 3010/6010
sinc 3010/6010

5 volatile Organic
Compounds as specified 8240

6 Semi-Volatile Organic
Compounds as specified

AR303036




Clianti Halby T&E racllity

Work Order: X0-07-030 IT ANALYTICALSERVICE

00703003 CINCINNATI, OH

dRIGIAAL
(fed

.

Analytical Results, mg/L

Client Sample ID Water
¢ 58-CON=V~500-30
Lab Wo. . 01

Detection
Analyte Linit

Arsenic 0.0005
Chromium 0.007
cobalt 0.03
copper 0.005
tine 0.02

ND = Mot Detected

Quality Control
Standard Reference Solutions

Theorstical Percent
Valus Recovery

s wve e —maseanee

0.0075 92.8
1.0 93.0
93.7

91.6

80.6

AR30303 ™




Client: Halby T&E Facility
Work Order: X0-07-030 IT ANALYTICAL SERVICES

00703005 : CINCINNATI, OH
_~ ORIG:NAL
{Red)

P ]

Volatile Organics Analysis Data Sheet,
ug/L

Client Sample ID Hater
# 88-CON=-V~=500~30

Labd Ko. a1

Detaction
Linit

Analyte

2-Butanone 1

Carbon Disulfide
Mathylene Chloride
Tetrachloroathene
Toluene

¥D = ot Detected

AR303038




client: Halby T&E Pacility
Work Ordest  X0-07-030 IT ANALYTICAL SERVICES |
00703040 CINCINNATI, OH

Oﬂlﬂim
I\RI-J.’ i

’ .

Semi-Volatile Analysis Data Shest,
ug/L

Client Sample ID Water
# 88=-00N-V~500-20

Lab W 01

. Datection
Analyts Linit

Chrysene

Pyrens
Fluoranthens
bsnzo(b)pyrens -
benzo(k)pyrens -
benzo(a)pyrense

EEEEEK]

XD = Mot Detected

AR303039 w




Clients Halbe TGE Pacility
Work ordert X0~-07-030 IT ANALTTICAL SERVICES
00703006 CINCINNATIL, OR .
ORIGNAL
A {Ped)

—”‘

guality Assurance Data

volatile
Surrogate Recovery, Percent

a4-1,2- p-Bromo~
Dichlero~- dg~ fluoro=
Client Sample ID Lab No. ethane Toluene benzene

e —— - . PR | m—————

Water # 58-CON-V~500-30 030-01 95 95 102

!
'
|
|
|
i
i
|

Mathod Blank VBLKT6 94 97

AR303040




Clients Halby TR Facility

Work orders X0-07-030 , : IT ANALYTICAL SERVICES!.

00703020 CINCINNATI, OH 1
ORIGINAL

{Red) \Q :
! ‘
Quality Assurance Data :

Gemi=Volatile
Surrogate Recovery, Percent e T

”

e L / ) 2"'6""3
ds-Nitro 2fluoro * 614{‘-‘}7\«’/ 2fluoro , Tribros

Client Sample ID benczene biphenyl” Terphenyl Phenol phenol phenol

( ~
Water \ RS )
# 88-CON-V~500~30 030-01 61 55— Qn-} 67
~~,

Hater TN
# 88~00N-V-500~30 030-01(Re 86 4 19w

§BLRB32

§8LK701

Surrogate recoveries ocutside acceptance windows. Reanalysis confirms satrix
effects, "

AR3030L| @
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APPENDIX C-2.3

Analytical Results For Indicator Compounds
in Candensate Sample From 500°F/30 Minuta Test Runs
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i et

NATION
pepaT
!PORAT! N

ANALYTICAL
SERVICES

CERTIFICATE OF ANALYSIS

1T

RIGINAL
(Red)

Date: September 4, 1990

PRI Associates, Inc.

Attns  Ms, Judy Hessling

Job Mumber PR 3761~60-2

This 4is the Cartificate of Analysis for the following saaples:
Client Project ID: Halby T&R racillity

Date Raceived: June 16, 1990

Mok Orders X0=06-197

Rusber of Samplea) 2

Sasple Type: Sediment

1. Introduction

Twaaty two sediment saoples arrived at ITAS Cincinnatl on June 18, 1990, The samples
were sant for analytical work in support of monitoring work for Halby TGE Faciliity.
The sazples were labeled as follows:

LT=8-300~15-V~A
LT=5-300-15-V-B
17~8-300-30-V-a
LT~8-300-30-V=D

LT~5=500-15-V=A
LT~8=-500=15-V=B
LT~8=500=30-V~A
L7~8=500-20-V~B

LT=5-300-15~K=A
LT~5=300-15~K~B
LT~8«30Q~15~V-8
LT-5-500-15-K-B

LT~5=300-30-K=A
LT~§=300-30~K=B
LT=8=500-30=K~A
LT=8=500~30-K~8

Saoples LT-8-300~30~K-A,, LT=8~300~30=K~B, LT=5=300=15=K=A, LT~3=500=15~8, LT=3~500~30~K~A,
and LT-8~500~50-K=-B were placed on hold by clien*' no analyses were pecformed on
these sazplea.

11. Analytical Results/Methodology

The analytical results for this report are presented by analytical test. Rach set of
data will include sample Ldentification information, the analyticsl results, and the
appropriate detection )imits.

The analyses requested are listed on Table I of this report,

@g% m'" ) _

Inorganic
006197

Counci] ol Independent Labo
A o E: I Testing Lok
A ‘or Loboraiory Accred

1T Anatytical Sezvices « 1499 Cherter Road ¢+ Cincinnatt, OF 45244 « 813-7024600

AR303043
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Client: Halby TRE Facility

work Order: XJ-06~197 IT ANALYTICAL SERVICES :
00619702 CINCINNATI, OH

ORIGIAT)

feg™
L T .

|
i
1
‘,
|
!

III. Quality Control

Ismediately following the analytical data for the samples can be found the QA/QC
information that pertains to these samples. The purpose of this information ia to
demonstrate that the data enclosed ie sclentifically valid and defensible. This
QA/QC data {s used to assess the laboratory’s performance during the analysis

of the sasples it accompanies. All quantitations were performed from within the
calibrated range of the analytical instrument.

ARI03044




Client: Halby TGE Facllity
Work Ordert X0-06-197 IT ANALYTICAL SERVICES
00619701 CINCINNATI, OH
ORIGINAL
{Red)

m

Mositure ASTH 03173
Ammaonia Water Extraction/350.2

Arsenic 3050/7060
Chromium 3050/6010
Cobalt 305076010
Copper 3050/6010
Cyanide 9012

Zinc 305076010

5 Volatile Organic
Coampounde as Specified 8240

6 Semi-volatile Organic
Compounds as Specified

AR303045




Cclientt Halby T6K Pacillty |
Work Order: X0-06~197 IT ANALYTICAL SERVICEI;
00619720 CINCINNATI ﬁﬂ I
OrILiNg” i

|

m :
Analytical Resulte

. Percent
Client Sample ID Molsture

Sediment
# LT=-8~300-15-K-A 197-09 0.05

~

Sediment | Rl
# LT-5-300-15-K~B 197-10 10,21
——

Sedizment
# LT-8=500~15~K=A 197-11 0.09

Sediment
# LT=5-500~15-K-8 197=-12

Sedisent -
# LT-3-300-30-K~A 197-13
Sm—— N

Sedisent
# LT-8=300-30-K=A 197-14

Sediment .
f 17-8-500~30~K-A. . 197-15
——n

Sedimsent

# L1~3-500-30~%~B 197-16
\

AR3ID3I0LE




cilents Halby TGE Pacility
Work Order:t X0-06-197 IT ANALYTICAL SERVICES
40619703 CTNCINNATI, OH
DRIGINAL
{Red)

Analytical Results, ug/g

Client Sample ID Sediment 8adiment
# LT=8~300-15-K~A # LT=-8-300~15~K~B

Lab Ko. 09 10

' Detection
Analyte ) Limit

Amoonia «~

Acsenic
Chromium
Cobalt
Copper
Cyanide .
Zine

Client Sample ID Sediment Sediment
+ # LT=3-500=15-K=A # LT=-58~500~15-K=B

1ab No. 11 12

Detection
Analyte ) Linit

Ammonia

Arsenic
Chromium
Cabalt
Capper
Cyanide
fina

D = Not Detected




Clients Halby TGE Facility -
Work Order: X0-06-197 IT ANALYTICAL SERVICES |
00619704 CINCINNATI, OH i
ORIGINAL

{Rogp

W—

Analytical Results, ug/g

Client Sample ID Sedinent Sediment
# LT=8-300-30-K~A # L7-8~300-30-K~B

Lab fo. 13 14

. Detection
Analyts . Limit

Amnonia

Arsenic
Chromium
Cobalt
Copper
Cyanide
Zinc

Client Sample ID Sediment Sediment
- LT=8-500-30~K=A # 17-8=500-30-K~8

Lab No. 15 16

Dstection
Limit

XD = Not Detected




Client!: Halby TGE Facility
IT ANALYTICAL SERVICES

Work Ocder: X0-06-197
00619705 CINCINNATI, 0
&!GINAL
{Red)

Quality Control
gtandaxd Reference Solutions

Theoretical Percent
Analyte Value, ug/g Recovery

————— - - . - - - -

Amuonia 300 97.%
Arsenic 0.075 103
Chroaiun 1 99.6
Cobalt 1 101

Copper 1 92.6
Cyanide 10 93.5, 92.1

tinc 1 89.5

AR303049




Client: Halby T&E Facility

Work Order: X0-06-197

00619709

Client Sample ID

Lab No.

Analyte

2-Butanone

Carbon Disulfide
Hethylene Chloride
Tetrachlorcethene
Toluene

Client Bample ID

D = Not Detected

- IT ANALYTICAL SERVICES |
CINCINNATI, OH
PRENA

fed

volatile Organics Analysis Data Sheet,

ug/Kg

Sedinent Sediment
# LT=8~300=15=V=A # LT=8-300=15=V~B

01 02

220
22
190
7
140

Sediment Sediment
# LT=5-300~30=V=-A # LT-§=300-30=-V~-8

03 04

220
7
46
6
60

AR303050 w




client: Halby TRE Facility
Work Order: X0-06-197 IT ANALYTICAL SERVICES
00619710 CINCINNATI, OH

ORIGINAL
{Ped)
Y
Volatile Organice Analysis Data Sheat,
ug/Kg

Cclient sample ID Bediment Sedivent
# LT=-8~500~15=V~A # LT=5§-500-15-V~8

Lab No. 05 06

Analyte

2=-Butanone

Carbon Disulfide
Hethylens Chloride
Tetrachloroethene
Toluene

Client Sazple ID Sediment Sediment
# LT~-5-500-30-V=-A # LT~§=~500«30~V=B

Lab No. 07 08

Analyte

2-Butanone 4
Carbon Disulfide 10
Kethylene chloride 680
' Tetrachloroethene H
Toluene 62

Cliant Sacple ID
|

Lab No.

Method Datection
Analyte Blank ) Limit

I 8. 1 9 0 e asesecseeswsssnes

2-Butanone 1
Carbon Disulfide

Methylene Chloride

Tetrachloroathane

Toluene

AR303051

ND = Not Detected




client:
Work Orders X0-06-197

00619707

Quality Assurance Data

Client Sasple ID

S

Sediment # LT-8-300-15=V=A
Sediment # LT-8-300-15-V=A
Gediment # LT=5-300-15-V=A
Sediment # LT-5-300-15=V=A

Sediment # LT-8-300~15=V-B
Sedizent # LT-5-300-15-V=B
Sediment # LT~8-300-15-V-B

Sediment # LT-5-300-30-V-A
Sediment # LT=8-300-30=V-A
Sediment # LT-8-300=30-V-A
Sediment ¢ LT-8-300=30=V~A

Sediment # LT-3-300-30-V-B
Sedinent # LT-5-300-30~V-B
Sediment # LT-5§-300-30-V-B

Sediment # LT-8-500-15=V=A
Sediment # LT-8-500-15-V-A
sedisent # LT-8-500-18-V=A

sediment § LT-8=500~15-V~3
Sedinent # LT=8-500-15-V-3
Sediment # LI-8-300=15-V-B

sediment # LI=8-300=30-V-A
Sedinent, # LI%8~300-30=V-A

sSediment ¢ LT-8-500-20-V-B
Sediment # LT~83-500-20-V-B
Sediment # LT-8-500-30-V-B

Nethod Blank
Nathod Blank
Method Blank

Halby TGR Facllity

volatiles

Surrogate Recovary, Percent

Lab No.

dd=1,2=
Dichloro= 48~
ethane Toluene

197-01
197-01 Re
197-01 Re 2
197-01 DLl

197-02
197-02 Re
197-02 Dil

197-03
197-03 Re
197-03 Dil

197-03 Dil 2

197-04
19704 Re
19704 Dil

197-05
197-05 Re
197-05 Dil

197-06
197-06 Re
197-06 Dil

197-07
197-07 Re

197-08
19708 Re
197-08 D4

VBLKH9
VBLKIO
VBLKV]

9 124
115 113
92 132¢

105

134»
121+
108

127
114
106
112

137
98 120+
96 107

114 185+
90 152+
95 135

102 174»
100 1490
90 132+

96 154+
95 1470

95 1440
22 140+
98 157+

10 92
104

* gurrogates cuteida of limits. Matzix .8-55“ proven by reanalysis.

I
p-Bromo|.

4 luo:o-; '
benzent

mememe|

]
o)
2
9
7
8!
8

94 9
5 AR803052y, °




Client: Halby T&E Pacility

Work order: X0-06-197
00619720

IT ANALYTICAL SERVICES

CINCINNATI, OH

Client Sample 1D

Lab No.

Analyte

Chrysens
Pyrans
Fluoranthene
benzo(bjpyrene
benzo(k)pyrena
benzo(a)pyrene

Client Sample ID

Lab No.

Anslyte

Chrysens
Pyrene
Pluoranthene
benzo(b)pyrene
benzo(k)pyrane
benzo(a)pyrena

¥D = Kot Detected

Semi=Volatile Analysis Data Sheet,

ug/Kg

Gedimant
# LT-5-300-15~K~A

09

Sediment
# 1L0-5=500=15-K~A

12

Sediment
# LT~5-200~15-K~B

10

2400
2400
4600
3000
1500

ND

Sediment
# LT~8=500~15-K-B

12

RLIR
l-'“.!',w_'\!y"

ey

IR —

AR303053




client:
Work Orders X0-06-197
00619731

Client Sample ID

Lab Ko.

Analyte

Chrysens
Pyrene
Fluoranthene
banzo(b)pyrens
benzo(k)pyrene
benzo(a)pyrene

Client Saaple ID

Lab Ko.

Analyte

Chrysene
Pyzene
Fluoranthene
banzo(b)pyrene
banzo(k)pyrene
benzo(a)pyrene

Analyte

Chrysane
Pyrene
Fluoracthens
benso(b)pyrens
benzo(k)pyrene
benzo(a)pyxene

¥D = Mot Datected

Halby T&E Facility

Y opten
il

CINCINNATL, OH

Semi~Volatile Analysis Data Sheet,
ug/Kg

Sediment
# 17-5-300-30-K~B

Sediment
# LT=-8~300~30-K~A

13 4

3200 4900
5000 ND
6400 D
4000 1]
1800 ND
910 2700

Sediment
# L7-5-500~30=K=-B

Sediment
# LT=5-500=30-K=A

15 16

- o O o

Nethod
Blank Detection
BBLKS2S Limit

660
660
660
660
660

AR303054

IT ANALYTICAL SERVICES -




client: Halby T&GE Facllity
Work Order: X0-06-197 IT ANALYTICAL SERVICES
00619706 CINCINNAT, OH

WRICAL

did)

L
Quality Assurance Data

Semi~Volatiles
Surrogate Recovery, Percent
2,4,6=
d5-Nitro 2rluoro di4- dé= 2Fluoro Tribromo
Client Saxple ID Lab ¥No. benzene biphenyl Terphenyl Phenol phenol phenol

Sediment
LT=8-300-~15=K=A 09 85 94 86 85 86 77

Sediment .
LT-8~300=-15-K~B 10 86 98 76 a6 90 83

Sediment
LT=§=500~15=K~A 11 82 84 79 72 65 52

Sediment
LT~8-500-15-K-8 12 79 83 83 74 68 56

Sediment
LT=-8=300~30=K~A 88 8 . 88 96 92

Sediment
LT=8=300-30~K~B 85 82 87

Sediment
LT=8-500=30=KV~A 90 94 82

Sediment
1L7-8-500-20-K~B 92 94 86

§8LX0128

* Surrogate recoveries outside acceptance windows. Since this is an acid surrogate
and all tacgets are neutrals, the data is unaffected.

AR303055
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APPENDIX C-3

ANALYTICAL RESULTS FOR METAL INDICATOR COMPOUNDS IN
TCLP EXTRACTS FROM UNTREATED AND S/S-TREATED SOILS,
AND UCS TEST RESULTS FOR SOLIDIFIED PRODUCTS

AR303056




APPENDIX C-3.1

Analytical Results For Heavy Metals In TCLP Extracts
From Untreated (Raw) Sails, LTTD-Treated Solls, And S/S-Treated Solls

AR303057




T R ATIONAL ANALYTICAL L
Tt s pol

CERTIFICATE OF ANALYSIS

PEI Associates, Inc, Date: September 19, 1990

Attn: Ms, Judy Heamling

Job Number PN 3761-60~2

This is the Cortificate of Analysis for the following mamplas:

Client Project ID: Halby TGE Pacility
Date Received: August 3, 1990
Wock Orderct X0-08~-022

Number of Samples: 20

sample Type: Soll

I. Intreduction

Twanty acil samples arrived at ITAS Clncinnati on Auguat 3, 1990, The samples werce
sent for analytical work in support of Halby T&E Facility. The samples were labeled
as followa:

Soll # 35-5-PC~0,25-TC~A  Sokl # §5-§-PC~0.4-TC-RLK Soll # S5-US=A
Soil # §§-§-PC~0,26~TC~B Soil # §5~5-PC-0,25~TC~BLK Soil # 55-U3-B

Sol) # $5-S~PC~-04-TC=-A So0il # 58-5-~AS-1~TC~Blank Soll # 58-U3-PC-0,4~TC~A
Sokl # 55-5~PC-04-TC-B Soil # §5-8-A5~0.5-TC-BLK Soi) # SS~US~PC~Q,4~TC~B

Soll # §5-5~AS~1-TC-A Soil # 55~3R~500-30-A Soil # $5-Us-PC-Q,25~TC-A
Soil # S5~S~AS5=1=TC~8 Soil # 5S-SR-500-10-B Sokl # 55-U§5-PC-0,25-TC-B

SoLl # 58~§~AS~0.5~7C~A
Sokl # SS-S~AS-O.5-?C-B

nd.hpp ved by (’{‘ﬂ" %/ﬁ()

en Husller
Inorganic Grgup Leader
Q08022

Council of ndapundent Lab
ol B | Toaing Lat
A A for L y Avererdilal

IT Analytical Services « XM.W Chester Road + Cincinnatl, OH 45246 « 513-7024600

AR303058
C73




Work Order: X0-08-022 IT ANALYTICAL SERVICES| :
00802201 CINCINNATI, OH -, :

PRI R
[N

[
%
Client: Halby T&E Facllity !
i

I1. Analytical Results/Methodology
The analytical results for this report are prasented by anslytical test. Each set of |

data will include sample identification information, the analytical results, and the
appropriate detection limits.

The analyses raquested on a total basie for samples Soll # 33-5R-500-~)0-A, Solil
# SS-SR~500~30-B, Soil # S5-US-A and Soil # S5-US-B included:

* pH by EPA Mathod 9045
Cyanide by EPA Method 9012
Sulfide by EPA Method 9030
Ammonia by EPA Method 350.2

* Total Organic Carbon by EPA Method 9060

The analyses requested on all samples included the following metals on a TCLP klehac‘

The leaching was performed at ITAS according to EPA Methed 1311.

* Arsenic by Graphite Furnace Atomic Absorption;
EPA Method 7060

Mercury by Cold vapor Atomic Absorption;
EPA Method 7470

Chromium, Cobalt, Copper and Zinc by Inductively
Coupled Plasma Spectroscopy; EPA Nathod 6010

III. Quality Control

Inmediately toll?wtng the analytical data for the samples can be found the QA/QC
information that pertains to these samples. The purpose of this information is to
demonstrate that the data enclosed is sclentifically valid and defensible. This
QA/QC data is used to assess the laboratory’s performance during the analysis

of the samples it accompanies. All quantitations were performed from within the
calibrated range of the analytical instrument.

As requested, a matrix spike/matrix spike duplicate analyses was performed on sample
# 58~3-A8~0.5~TC-B for all metals.

AR303059




Clients Halby T&E Facllity
Work Ordart X0-08-022 IT ANALYTICAL SERVICES
00802202 cmcm“a'n' OH
TR
o)

Analytical Results, mg/L

Client Sample ID Soll # §§-S~PC-0.25-TC-A Soll # S8-8~PC-0,25~TC-B

Lab No. 01 02
petection

Analyte Limit

Araenic 0,009
Chromium 0,003
Cobalt 0.03
Coppar 0,005
Mercury 0.0001
2inc . 0.02

Client Sample ID Sall # SS-S-PC~04-TC~A Soil # 55«S~PC-04~TC-B

Lab No. 03 04
Detection

Analyte ' Limit

Arsenic 0.005
Chromium 0.003
Cobalt 0.03
Copper ) 0.00§
Mercury 0.0001
z2inc ' 0,02

Client Sample Iq Soll # SS~-S~AS-1-TC-A Soil # SS-5-As-1-TC-B

Lab No. 08 06

Detection
Analyte

Arsenic

Chromium

Cobalt

Copper 0,005
Mercury . 0,0001

Z2inc AR303060 0,01




Client: Halby T&E FacLngy |
Work Ordar: X0-08-022 IT ANALYTICAL SERVICE! .
00802203 CINCINNATI, OH ~ N
Sl

A
farlt

Analytical Results, mg/L

Client Sample ID Soll # 59-8-A5-0.5-~TC-A Soil # 55-8~AS~0.5~TC-B
Lab No. Q7 08

Analyte

Arsanic
Chromium
Cobalt
Copper
Marcury
zZinc

Client Sample ID Soll # 55-8-PC~0,4-TC-BLK Soll # S5~§~PC~0,.25-TC-BLK

b No. .
wao e ﬁ%ﬂﬂ

Analyte ‘ Li

Arsenic - a.
Chromium 0.
Cobalt

Coppar
Mercury
Zinc

Client Sample m Soll # 55-5-AS~1-TC-Blank Sokl # $5-5-AS=-0.5-TC~BLK
Lab No. 11 12

Analyte

Arsenic
Chromium
Cobalt
Copper
Mercury .

thne 0 AR303064 o

ND = Not Detected




Client: Halby T&E Facllity
Work Order: X0-08-022 IT ANALYTICAL SERVICES
00802204 CINCINNATL, OK .

ey

Analytical Results

Client Sample ID soil # SS~SR-500~30-A Soil # 55-5R-500-30~B

Lab No. 13 ’ 14
Detection

Analyte . Limit

pH NA
T0C
Ammonia~N ' 5
Cyanide 1
Sulfide 51

Axgenic
chromium
Cobalt
Coppar
Mercury
Zinc

Client Sample ID Soll # Ss-US-A Soil # ss-uUs-B

Lab No. . 15 : 16

Detection
Analyte ) Limit

pH
TOC

Ammonia=N 120

Cyanide

Sulflde 81 51

Ardanic 0.0141 0,005

Chromium ND 0,003
Cobalt ND 0.03
Copper 0.187 0.005
Mercury . ND 0,0001
Zinc . 1.51 0.02

AR303062

ND = Not Detected




Cclient!: Halby T&E Facility

Work Ordari X0-08-022 T ANALYTICAL SERVICE:

00802205 CINCINNATI, OH
(facard "
Pt

Analytical Rasults, mg/L

client Sample ID Soil # 5S~US=-PC-0.4-TC-A Soil # SS-US-PC-O.Q-TC-B.

Lab No. 18

Analyte

Arsenic
Chromium
Cobalt

Capper
Mercury
Zinc

Client Sample ID Soil # §5-US=PC-0,25-TC-A Soil # §5-US~PC~0,25-TC-B

€

Lab No.

Analyte

Araenic
Chromium
Cobalt
copper
Mercury
Zinc

ND = Not Detected

AR30306 3w




Client: Halby T&E Facility
Work Order: X0-08-022 . IT ANALYTICAL SERVICES
00802226 CINCINNATI, OH

ORLiGNAL

“y "
Aty

Quality Control
Standard Reference Solutions

Analyte

Theoretical
Value

Percant
Recovary

Araenic 0.07%
Chromium 1
Cobalt 1
Copper 1
Mercury

Zinc 1

100.0, 91.7

Tac 103, 97.3

Ammonia-N 300 97.4
Cyanide 10 108, 125




Client: Halby T&E Facllity

Work Order: X0-08-022
00802207

IT ANALYTICAL SERVICES
CINCINNATI, OH |
HLHN

:.:':.zu)(f""

Quality Assurance Data

client Sample ID:

Lab No.

Compound

Arsenic
Chromium
Cobalt
Copper
Mercury
2inc

Matrix Spike/Duplicate Racovery Data
Soil # S5-§~AS-0-5-TC~B
08
Spike Sample Percent Percent

val:2 value Racovery Recovery

0,075 87.3 86.0
2 93.4 93.1

100 102

89.5 a8.1

100 101

105 109

|
s Racov = (Conc M8 (or MSD)-Sample Amt)/ Amt Added)X 100

RPD = ((Conc.MS=Conc MSD)/{Conc MS + Conc MSD)/2))X 100

AR30306%
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APPENDIX C-3.2
UCS Test Results For Asphalt- And Cement-Based Products
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APPENDIX D

FIELD TRIP REPORT AND FIELD ANALYTICAL RESULTS
OBTAINED FROM ONSITE X-RAY FLUORESCENCE
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PE| FIELD TRIP REFORT MEMORANDUM
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PEI A880CIATES, INC.

MEMORANDUM

T0: Ed Barth 4/12/90

SUBJECT: Fleld Sample Collection for S. Hokanson
Halby Treatability Studies

FILE: 3741-60~-2 M. Taylor
J, Hessling
P. Mraz
R. Riccio

Summarized below are the on-site field activities and
observations made during our sampling visit to Halby Chemical on
Tuesday and Wednesday (4/10-11/90). A formal field write-up will
be developed after additional data becomes available from the EPA
ERT team. This formal write-up can he used as appendixed
information in the treatability study report submitted to EPA at
the end of this project.

Summary of Field Activities

On Tuesday morning at 8:30 a.m., Harry Compton of EPA and
personnel from EPA's ERT contractor met with the PEI field teanm

and Roberta Riccio of EPA Region III. From 8:30 until 10:30 a.m.
we discussed our main objectives and roles, Health and Safety
issues, and toured the plant area and the on-site lagoon. From
10:30 until 12:30 p.m., the ERT field team collected sediments
for screening with the XRF and HNu (11.7 eV lamp) from a
background location and previous sampling location SED-02 and
SED-03 (these lacation codes are from EBASCO's RI report). These
sanples were dried in a microwave oven, screened in a 20 mesh
sieve, and homogenized for analysis. Exhibit A shows the XRF
data generated for these and the other samples taken later that
day. From 10:30 a.m. until 1 p.m., PEI purged the groundwater
monitoring well SMW-01 of approximately 3 well volumes (about 65
gallons), oversaw the field sampling and screening efforts, and
ohtained the necessary sample containers.

In the afternoon, from 1:30 until 3:30 p.m., the ERT field team
callected screening samples from previous sampling locations SED-
05 and SED-08 (in lagoon area), and 585-09 and S55-25 (in the
process plant area) and proceased them through the HNu and XRF.
During this time, the PEI team collected ground water samples for
the biological and xanthate precipitation studies and sediment
and surface soil samples for the biological, low taemperature
thermal desorption, and xanthate studies. At 3:30 p.m. on
Tuesday, Mr. Schockley of Brandywine Chemical asked ug to finish
up our work sa he could lock the gate to the pracess plant area.

AR303077
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Because of high tide conditions, the ERT Team could not colle
the subsurface sol) sample for the soil washing study. In 1\
addition, the PEI team had only half-filled the 30-gallon drum
containing the sediment/surface soil samples and would have to
finish the sample collection on Wednesday morning. The ground
water and sediment samples for biological studies were collected
in sterilized containers cooled with dry ice in plastic bags,
packed and shipped to IT Knoxville on Tuesday afternoon.

on Wednesday morning, from 7:30 until 8:30 a,m., PEI met with EPA
Region III and the ERT team to discuss the field activities and
final output from ERT. From 8:30 a.m. until 11:30 a.m., the ERT
team collected subsurface soil samples from SED-05 and SED-08
locations in the lagoon. PEI completed the collection of the
sediment/surface soil samples by collacting surface soil from
previous sampling location SS5-09. From 11:30 a.m. until 12:30
p.m., PEI demobilized and packed and stored the drummed sediment
and ground water samples in the plant warehouse area. Field
activities by PEI and ERT ended by 12:30,

s of Obse tions buri ield Sa

Discussed below are some points of observation made during the
two~-day sampling/analysis effort, These observations are in the
following areas:

. field conditions;

«  field sample collection methods; and ¥

. field screening with the XRF spectrometer.
Each of these issues are discussed separately below.
Fleld Conditions--

On Tuesday, April 10, the weather conditions were partly sunny
and windy with temperatures ranging from 50 to 60°F. Low tide
took place in the early morning hours and high tide in the early
afterncon time. Due to recent rainstorms, the marsh and lagoon
areas were fairly saturated. In addition, fumes and dust were
fairly strong on Tuesday, even outside the process plant area.
While vapors outside the plant area wera not detected by the HNu
(11.7eV lamp), organic vapors were in the range of 5 to 10 ppm in
the breathing space above monitoring well SMW=01 and sediment
sampling locations. Level C personal protective equipment were
worn by the PEI sampling team. Even with the personal protective
equipment, the PEI fiaeld team leader experienced headache and
nausea. This incident was reported, and a followup physical was
performed shortly after the sampling event. The winds were much
calmer on Wednesday, and fumes and dust were not as bad as they
were the day befora.

AR303078 W




A sheen was observed along the lagoon and drainage ditch near the
process plant area. This sheen was blotchy, unlikz an oil sheen,
and may be indicative of biological activity., Black sediment was
clearly visible along the banks of the lagoon and were stratified
in the sediment/surface soil samples collected. Purged ground
water from well SMW-01 was black or cloudy gray in colox with
sulfurous orlors.

Fleld Sample Collection Methods--

Sediment and surface soll samples for low-temperature thermal
desorption, xanthate and the biolegical studies (SSS-L, SSS-X,
555-B) were collected by the PEI field team at previc s sampling
locations SED~03 and SSS-09 in the process plant area. The
subsurface soil sample for soil washing (SUBS-5) was collected at
previous sample location SED-05 and SED-08. Groundwater for
xanthate precipitation and biolegical studies was collected from
SMW-01 after more than three well volumes were purged with a
bailer.

Sediment and surface soil samples were collected with shovels by
scraping off the £ill and surface area until the first black
layer was uncovered, From there, the PEI team dug dowh 1 foof.
beneath the first black soil layer. In the case of soils from
555~09, the PEI team uncovered railroad spurs and a concrete pad
and therefore the depth penetration was only about 6 inches from
the first black soil layer. Because only half of the 30-gallon
drum was filled when we were asked to leave, we put dry ice in
garbage bags and placed it on top of the sediment/surface soils
in the drum., care was taken when placing the lid on the drum to
allow carbon dioxide venting.

Because of saturated conditions and high tide in the lagoon area,
the ERT field team collected the subsurface soils from SED-05 and
SED-08 locations using hand augers and shovels. The power beaver
could not be used under saturated conditions. Soils from 0 to 3

feet were collected from the two locations and were placed in two
5-gallon steel drums. Steel lids were taped to the containers to
prevent any) leakage.

Approximately 65 gallons (approximately 3 well volumes) of
groundwater ware purged from well SMW-01 using a teflon bailer.
The rate of recharge was greater than the purging rate, so that
the water elevation did not change dramatically during the
purging. Water drawn during the purging activity went from
fairly opaque to cloudy grey. Organic vapors downwind of the
well ware fairly strong. Therefore, the PEI field team wore
respirators and stayed upwind as much as possible. After purging
the well, groundwater for the biolegical samples were poured into
biologically-sterile, dark l-gallon glass jars. Care was taken
to minimize exposure of the jar to light, air and biologically-

AR303079




contaminated materials (including fingers)., After collecting r
biclogical sample, the PEI fleld team collected groundwater folu.-
the xanthate study in a pre-cleaned, plastic, 5-gallon jug. Care
was taken to completely £ill the jug and eliminate bubbles. The
jug was sealed and taped. This jug was then placed in a 30-
gallon steel, cpen-head drum and packed with vermiculite and clay
ahsorbent. Dry ice packed in plastic garbage bags were then
placed on top and the lid placed on the drum but not sealed to
allow carbon dioxide venting.

By the end of field sampling activities on Wednesday, PEI had one
30-gallon drum filled with surface soils/sediments, one 30-
gallon drum containing the 5-gallon jug of groundwater and fill
material; and two 5-gallon steel drums filled with subsurface
soils from the lagoon area (SED-05 and SED-08 locations). These
containers were sealed and placed inside the warehouse. They do
not have dry ice or blue ice, so they will remain at the site
under ambient temperature conditions (30 to S0°F).

Fleld Screening with the XRF Spectrometer--

The location of surface scil/sediment and subsurface soil samples
(sss=L, SSs-X, SSS-B, and SUBS-S) was determined by first
reviewing the draft RI report and then field screening soil
samples uging the XRF spectrometer and HNu (11.7 eV lamp). Based
on the surface soil and sediment analytical data presented in the
draft RI report, soils near previous sample locations SED-02 and
03, and SS5-09 and 25 (process plant area) were expected to hwe;)
high levels of CS,, As and Zn. S0ils near pravious sample o
locations SED-05 and SED-08 (lagoon area) were expected to have
low volatile organic compounds (VOC) and moderate to high levels
of As, Cu and zZn. Field screening using the HNu with 11.7 eV
lamp confirmed high levels of VOC's in sediment/surface soil
samples collected from the process plant area (SED-02, SED-03,
$58-09 and $SS-25). Field screening for metals using the XRF,
also confirmed moderate to high levels of metals in both lagoon
and process plant soils from the previous sample locations listed
above,

While the ¥RF spectrometer could identify and isolate peaks for
Cu and 2n, 'it could not clearly separate tha As and Pb peaks,
Bacaugse Fb is fairly ubiquitous in soils at Halby, Pb masks any
As that may be present in the soil samples. As a result of the
ambiguous results for As, additional chemical analysis may he
necessary to confirm the presence or absenca of As in the
individual sanmples used in the treatability studies.

W0758/Halby
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EXHIBIT A

PRELIMINARY XRF SCREENING DATA FOR
HEAVY METALS IN SURFACE SOIL/SEDIMENT SAMPLES
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APPENDIX D-2
FIELD ANALYTICAL RESULTS OBTAINED BY EPA/ERT USING XRF
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TABLE 1. XRF RESULTS FOR HALBY CHEMICAL
WILMINGTON, DELAWARE oG
April, 1990 P
(Results reparted In relative peccent by welght) {Red)

ELEMENTS
SAMPLE P2 a o
BKG Clean | EbiAs

(Modet 1) 0594 ‘ 0000
(Model 3)

BKG Clean Il ‘
(Modei 1) . "0
(Modci 3)

Sed- 34"

(Model 1) n . 10
(Model 3) L

Sed:3-Surf
(Modet 1)
{Modat 3)

Scd-3-Subsurf
(Model 1)

Sed-5Surf
(Model 1)
(Modal 3)

Sed-5-Subsurf
(Model 1)
(Model 3)

Sed-8-Surf

del 1
m:gl 3;

Sed-8-Subsurf

(Modcl 1)
(Model 3)

555-09-Surf
(Model 1)
(Model 3)

SS5.09-Subsur!
(Modcl 1) 0082
(Model 3)

588:2%-Surf

(Model 1)
(Modal 3)

$59-25-Subenrt,

(Modet 1) 006
(Motel 3

1d:ehDEBRULN/TR-2307R)

zvs e MRI0AQEE. .ae




. . —
R TR IV DEA TV TY Ut ToaaIted el Iatiidas 1o

-ﬁ\mhw WWZOAHWWM TVLNIWNOYIANG Vdd mD

1yd @6-8T ¢

T3

AR303089 W

Std

AV TUNIWYG)

NOO9V

dd ‘NOLONINTIA
SNOILVJOT JdTAdWVS TTVOIWIHD Ad1IVH
< TANDIA

)




