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SECTION 1

Introduction

This sampling and analysis plan (SAP) describes the sampling approach and procedures for
characterizing the distributions of physical and chemical parameters in surface soil in the

vicinity of The Dow Chemical Company (Dow) Plant in Midland, Michigan. The objectives
of the sampling program are as follows: ;

o Characterize the distribution of physical and chemical parameters that _

influence bioavailability to identify the range of soils to be used‘,f_.gﬁyfu{yre bioavai
studies. ,

» Determine whether additional Dow-related haz

Midland area surface soil. »
89 r samples obtained on

+ Develop and implement a process so chefnical'r

residential properties remain confidenifig] until sﬁ%g‘.peﬁﬁc cleanup criteria are
developed. : ]
The sampling approach presented in this SAP is asé‘ea on modifications to the Midland
Representative Soils Sampling Anilysis Plan inxSuppo%;;t of Bioavailability Study (BSAP)

(CH2M HILL, 2006) resulting froﬁ%@igggnmeﬁﬁg received from the Michigan Department of
Environmental Quality (MDEQ) and thg U8, Environmental Protection Agency (USEPA).
The approach described hégféfﬁjggﬂects E%ﬁaboration between Dow, MDEQ), and USEPA to
reach a consensus tgpggroacﬁ%gf%gtg the stated objectives. The sampling approach was
agreed to during a serigs of phone conversations and key meetings held on April 20 and

May 9, 2006. Subsequentsmodifications were made to this SAP based on comments received

S,

from MDEQ on Jané 204453, Tuly 14, and October 11, 2006

1.1 Studyi.ocation
# 53':3:5*& ot

The arédicovered b§y this study is a portion of the city of Midland and the surrounding
commurﬁ%%;‘ggat may have been impacted by offsite releases of hazardous substances from
the Dow Plant. The study area encompasses residential, commercial, and industrial
properties surrounding the Dow Plant, as shown in Figure 1-1.

1.2 Sampling and Analysis Plan Organization
This SAP is organized as follows:

¢ Section 1 presents an introduction to the Midland study area and identifies the project
objectives.

i1
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Section 2 presents the investigation approach and sampling design, describes the
sample collection methods, and presents the procedures to be used in assuring
confidentiality of sampling locations and sample results.

Section 3 describes the methods to be used in evaluating the data collected during this
investigation.

Section 4 summarizes the data validation and management procedures.

Section 5 provides a schedule for the work described in this SAP.

Section 6 lists references cited in this SAP.



SECTICN 1—INTRODUCTION

Insert Figure 1-1
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SECTION 2

Sampling Design

The investigation approach for the soil sampling program is based on the conceptual site
model for release, aerial transport, and deposition of potential hazardous constituents from
the Dow Plant as presented in the Midland Area Soils Remedial Investigation WorIgPlan
(CH2M HILL, 2005a). This conceptual site model considers potential releases from a variety
of potential point and nonpoint sources located on the Dow Plant such as#miss
waste incinerators, power plants, production facilities, and fugitive dusﬁ%, ‘

s from

2.1 Sampling Design

The basic sampling design approach consists of samples collecfg'é‘a}smg ra&?fal transects
extending from the Dow Plant site into the surrounding commu%lt_ Pﬁﬁdemgn was
developed primarily based on the conceptual site modélf aerial’ dlsperSmn and providing
additional information about the distribution of ha¥ardous substances in the study area. In
addition, the design will provide representative inforrptioH @nggml characteristics in
support of a possible future bloavallablhty 8! ""c‘ly“ (ell‘&é Prov1dmg information on the

incinerator complex, powef | %@QJES’ brlne&electr:olysm and track-out) were con51dered to
create a centralized origin for trérisects w“it}un the Dow Plant. The origin location was
established by MDEQ®: 3

¢ Number of ﬁangects TH elnﬁm g of transects was established by MDEQ considering
coverage requ1rements and MDEQ sta‘us‘acal sampling guidance (MDEQ, 2002),

dll’%fi() :" ;;}1%

from mef omloglcalfstatmn No. 72639 were used to 1dent1fy the prevalhng wmd

75 ercent of tF e time. This resulted in 17 transects located in the downwind direction

and 51?2% sransects located upwind, as shown in Figure 2-1.
’> =>=

o Lengthof transects: The transects extend a minimum of 9,400 feet outward from the
origin with a minimum distance of 3,000 feet beyond the Dow Plant boundary into the
surrounding community. To assure sufficient lateral coverage into residential areas
(needed to support the bioavailability study), every other transect in the dominant wind
direction extends approximately 10,000 to 11,000 feet beyond the Dow Plant boundary.

e Sample stations along transects: Soil samples will be collected within defined sample
stations (sometimes referred to as sample “boxes”} at regularly spaced intervals of
approximately 950 feet along each transect, beginning just beyond the Dow Plant
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boundary and extending to the end of the transect. The designated distance between
sample stations was determined by MDEQ).

* Sample stations: Sample stations consist of a nominal 300-foot by 300-foot box. The
sizes and dimension of the boxes were modified in collaboration between Dow and

MDEQ ensure that the study objectives were met. (Adjustments are described in the
following section.)

* Selection of samples for analysis: Where multiple properties are present, samples will
be collected from up to five different properties. All of these samples willb&"analyzed
for soil parameters that may affect bioavailability; however, only one safﬁ%le from each
sample station will be selected for laboratory analysis for dioxins fugafis an%gather
hazardous substances. Selection of the sample for analysis will be Subject to a plg%cedure
that will ensure the anonymity of the sample selected. Where o} ) sgjlgle propérty (or
property owner) is present within a sample station, only one sampl vill be collected
and submitted for laboratory analysis. These samples alséﬁ 4

per box approach will be evaIuated using collocal%e.. ‘
locations within 10 percent of the sample sfaf&fézﬁs(

* Sample depth: Two sample intervals” m’ay be collég;ed 4t each sample location (a sample
Iocation is defined as the specific phy51ca1 atlon Where a soil sample is collected): one
representing the upper 1 inch of soil, and the he representing soil between 1 and
6 inches below grade. The gaf ;ple intervals obtained at each sample location will be
determined by the type of énaiy ical data to be gathered at that location, as described in
Section 2.3. . R i;;-é

2 N é?%\«fi :

The sampling approach liste “gfboz%g waé used to develop the final locations and dimensions

of each of the sampie%tatlons QAd]uj.ghnents to the sample stations were necessary to

account for actual conditions 1 m the study area. MDEQ and Dow met on May 9, 2006, and
reached an agféSinent.o “the 10cat10ns and sizes of each of the sample stations based on the

follcwmg&gilustm n}s S

In cases where only one or two property parcels were present in proximity to the sample
station, the station was adjusted to be fully on one of the properties. Preference was
given to Dow or public property to help facilitate access for sampling.

Sample stations were eliminated in cases where the locations were fully within
developed industrial and or commercial property and no viable soils were available for
sampling.

Sample stations were eliminated from the Tittabawassee River floodplain.
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¢ Sample stations were eliminated from Midland Cogeneration Venture cooling water
ponds because sediment samples are not representative of soil conditions in the
community and any potential hazardous substances that might be present are subject to
different fate and transport mechanisms than surface soils, which are the focus of this
study.

In addition, modifications to sample stations on Transects R, S, and T were made based on
MDEQ comments received on July 14, 2006, in order to ensure a sufficient number of parcels
were available in each sample station. After making these adjustments, 145 samphng
stations were defined and are shown on Figure 2-2. A list of the parcels w1th each sample
station is provided in Table 2-1.

2.2 Target Analytes

The target analytes for this investigation include soil parametgs whlch thgy impact
biocavailability (soil parameters), dioxins and furans, and addlti ; ahhazardeué substances
(chemicals) that may be considered as potential constituents of thterds# fGéIs) in future
remedial investigation activities. The chemicals and, p*éi‘ameters éelected for analysis are
based on the sample station’s position relative to jcheg\ Plant and,the station’s dominant

land use, as listed below:
¢ Analysis of soil parameters that may iy act bloaV@llabal;ty will be conducted on the

0- to 1-1nch mterval soil samples take‘n 14 “all sta’aon% except for those that consist of fully
&t s because the surface soils in these areas
are highly disturbed or not present. MDEQ Yow agreed to sample station locations
on May 9, 2006 Not all of th”:’ parameters (such as black carbon) may be used to class1fy

s,

¢ Additional chemical anaf%ﬁh'“ bé“conducted on the 0- to 1-inch and 1- to 6-inch
interval samples: ior the s‘%mple l@cations selected at sampling stations in close proximity
to the Dow Plant (?he‘ﬁrst two sampling stations along each transect closest to the plant).

¢ Dioxin Eﬁ'ld ; 515 WIH be conducted on the 0- to 1-inch interval samples selected
for an%ﬁ} is frgfn aII sampling stations, and on the 1- to 6-inch interval samples taken at
samphng statlons m close proximity to the Dow Plant.

%
e;t*%nalytééﬁb ‘gtoups for each sample station are listed by transect letter and sample
station Ramber on Table 2-1. The individual compounds and analyses associated with each
target anaﬁf(fg%@group are described in the subsections below.
e
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2.2.1 Soil Parameters That May Impact Bioavailability

Studies to date have shown that the bicavailability of hydrophobic organic chemicals (HOC)
such as dioxins and furans in soil is highly variable, depending not only on a chemical’s
lipophicity (Kow), but also molecular steric conformation and soif characteristics. The
following primary soil parameters have been reported to influence the

bioaccessibility /bioavailability of dioxin and furans (Qiu and Davis, 2004):

¢ Soil organic carbon (SOC}): SOC is a subdomain of soil organic matter (SOM) and is a
measure of the sorption capacity of a soil for HOCs. AN

e Specific surface area: Surface area has been reported to be a significanf g%t% affecting
the bioavailability of dioxins and furans. A large surface area and high aromaggity
enables the formation of n-m interactions (Lyytikdinen et al., 20Q§Q These factorgifavor
stronger binding to soil and sediment, thus decreasing desorption&éndf“bfoavallablhfy of
the chemical. In general, surface area is related to particle size (that i§;smaller particle
size generally correlates to a larger specific surface area). 3

e Particle size: Particle size has been reported to be g significari; f‘gc?cﬁ)%:aiffecting the
bioavailability of dioxins and furans. As noted %boVé%Parhcleﬁlze is related to specific
surface area, with smaller soil particle sizes fa¥'6r: onger bmdmg to soil and thus
decreasing desorption and bloavaﬂablhty » =

&&a

¢ Hydrogen/Carbon/Nitrogen (H/C/N),zify he H/C/ N ratle\ls a measure of the aromaticity
of a soil. Increasing H/C/N levels favor stronger E;mdmg to soil and sediment, and thus
decreasing desorption and bloavallablhty oﬁhe chemlcal

¢ Black carbon (BC): BC, a Subdomam of SOM, has much higher affinity to planar HOCs
than amorphous organic carbé i.and haslbeen found to be the predominant repository
of many HOCs. BC pa;:ﬁcles that'h Jsfzes ranging from a few microns to above
100 micrometers (um) &t %ughly ardy atic in structure and exhibit relatively low oxygen
to organic carbon and I—f/ ENE: at@mlc ratios and low contents of oxygen-containing
functional groupS“ Song e»t al, 2002) Comparable to diagenetically aged coal, shale, and
cenosphere;s, BC ais S:has a'hlgh carbon/oxygen (C/O) ratio and is responsible for
strong 10 p Hand fimited bioavailability) because of its high specific surface
areas- an%lgelat’fvely reduced chemical nature. It has been proposed that the BC and
possIbly er distinet subfractions of bulk organic carbon can influence the
xbioav%ab yéof HOCs (Bucheli and Gustafsson, 2001).

The par%?r(neters that will be analyzed as part of this study and the concentrations and levels
of the par ameiers that affect bioavailability are listed in Table 2-2.

2.2.2 Addltlonal Hazardous Substances

MDEQ and Dow have agreed upon an expanded 40 Code of Federal Regulations (CFR) Part
261 Appendix IX target analyte list for soil sampling at the Dow Midland Plant. This list of
chemicals, provided as Table 2-3, includes a variety of volatile organic compounds (VOCs),

semivolatile organic compounds (SVOCs), metals, pesticides, and polychlorinated biphenyls
(PCBs).
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Evaluating Tentatively Identified Compounds

The ion current chromatograms of multicompound analytical methods based upon gas
chromatograph/mass spectrometer (GC/MS} or liquid chromatograph/mass spectrometer
(LC/MS) (for example, USEPA 8260 and 8270) can contain information on nontarget
analyses. Qualitative and quantitative information about the substances responsible for
nontarget peaks in such chromatograms can be included in the laboratory data reports if the
peaks are handled using the procedure for tentatively identified compounds as described in
USEPA Methods 8260B and 8270C (Section 7.6.2 in both methods).

Compounds detected will be identified and quantified as tentatively identifis d _compounds
(TICs) if they have peak areas equal to or greater than 10 percent of the nea\res*t"(rqtentlon

time) internal standard. All such peaks will be reported in special secn?)n of the l\?boratory
data report for each sample. ;,g;} Y .

For nontarget peaks meeting the 10 percent threshold, the mass spectru‘@ ill be compared
to referenced spectra in the current National Institute of Stanfg&xfiﬁ and Teclinology library,
using a computer search routine. If the spectral match has a fit%f 8@¥ergenf or better, the
substance name representing the best fit will be reported as the t@’?ative identity of the
compound If the spectral fit is less than 80 percenf, the pe
RRT x.xxx”, where x.xxx is the relative retention t‘ime%; n peit

Iaboratory data report.

2.2.3 Dioxin and Furan Analysis

ling s%atlons along each transect closest to the Dow
: }ngi uran congeners listed in Table 2-4.

. Identlf ‘3a ro riate area for sample collection using the followin idelines:
Yx(\‘gP P oy % & ggu

‘}?\ (3

Remdenﬁ\{l&property Samples will be preferentially collected from a visually

%unﬁlsturbed Jocation in the central area in the front yard. The front of the house is
iarz%gferable as it will likely be subject to less disturbances and be more easily
accegsible to the sampling team. Sample locations that will be avoided to the extent
practical include gardens, recently landscaped areas, recently disturbed areas (based
on visual inspection), and areas with evidence of disposal activities.

- Commercial and industrial property: Samples will be preferentially collected from
undeveloped or vegetated areas, such as wood lots and grassy areas. Sample
locations that will be avoided to the extent practical include unpaved parking lots,
industrial process areas, recently landscaped areas, and areas with evidence of
disposal activities.
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— Public property: These properties include parks, schools, and highway medians.
Samples will be preferentially collected from undeveloped or vegetated areas, such
as wood lots and grassy areas. Sample locations that will be avoided to the extent

practical include unpaved parking lots, recently landscaped areas, and areas with
evidence of disposal activities.

» Surface materials, sod, and/or vegetation will be removed from the selected sampling
location as described in Field Standard Operating Procedure (SOP) 2.1 (CH2M HILL,
2005by}. i

+ Two sample intervals may be collected at each location: one representlngﬁ}he upper
1 inch of soil, and the other representing soil between 1 and 6 mChe below §° de (see
Section 2.2). In accordance with the Midland soil sampling program Conducte %in 1996
(Dow, 2000), each sample will be made up of aliquots taken from@e re,quu‘ed sample
depth mtervals at 15 equally spaced subsample locatlons along the's :’=cumference of a

tooIs such as stainless steel spoons, trowels, or other eas11y
material will be used to collect the subsamples.

2
2

ed to sample containers to
g;gsample containers for VOC

soil will be placed in the samplé: f‘holes to brmg the surface back to grade. Sod will be
replaced and grass seégwill be plan’ced as necessary to restore vegetation.

2.3.1 Field Qualzty Centi% ‘ =

Field quality control (Q‘C sam‘ples will be collected or prepared to assist in assessing data
use. These Q(“.' s@?n"’plg xg%vll in¢lude field duplicates, laboratory QC samples (for matrix
spikes [ M&] nd ritatrix spxke duplicates [MSD]), equipment blanks, temperature blanks,
and trip blanuixg% for samples requiring VOC analysis). Field QC samples will be collected in

accc%gdance with %\chen 2.5 of the quality assurance project plan (QAPP) (CH2M HILL,
20058)?_ &5

Field dupiggate samples will be collected and analyzed at a minimum frequency of 1 per
10 samples,gﬁnd extra sample volumes for MS/MSD will be collected and analyzed at a
minimum frequency of 1 per 20 samples. Trip (VOC analysis, only) and equipment blanks
will be collected at a minimum frequency of one per day of sampling.

2.3.2 Sample Containers and Preservation

Analytical methods, sample bottle requirements, preservatives, and hold times associated
with soil parameters, dioxin and furan, and additional chemical analyses are prov1ded in
Table 2-5.
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2.3.3 Equipment Decontamination

The field team will decontaminate reusable sampling equipment prior to commencement of
sampling, between sample locations, and upon completion of the field activity. Separate
sample processing equipment (that is, bowls, spoons, and trowels) will be dedicated to one
location per day, and materials that come into direct contact with sample materials will be
decontaminated or disposed of. Disposable equipment will be used whenever possible to
avoid potential cross contamination and reduce generation of decontamination fluids.

The field sampling team will decontaminate sampling equipment at the end of_@%ach
sampling day at the field warehouse (this equipment will have been only us
sampling location) as follows:

» Transfer equipment to the decontamination station (plastic—covg{gé% area with fuills”
containment of all fluids). W i

Rinse with potable water.

* Maintain decontaminated equipment in a positi

into contact with contaminants. n:
N

o Transfer decontamination fluids to a seai%‘bl container, such as tubs, for later disposal.

234 Containment and DiSposaI of Inves atlon-Derlved Waste

The procedures for the contammen; -and dlsposal of investigation-derived waste (IDW) that
will be generated during t] the field sat¥ 'n§ Activities will depend on the type and source of
waste. Types of IDW are as"f’g}lows

e Excess soil &

¢ Decontamination flitid

. D1sposahl‘e“‘%%u1p:mer\%%(for e><ampIe, paper towels, gloves, core liners)
2,

Excess sdllg%Q 1 be returned to the location where it was obtained. Decontamination fluids,
if generafed Wl}} be dlscharged at the field warehouse. Disposable equipment will be
plaé’éd in ""arbag' b ags and be disposed as solid waste.

2.4 S%ple Management Procedures

The sample management procedures for each sample station vary based upon the
configuration, number of properties within the station, and location of the station. All
sample stations will be subjected to a procedure designed to protect the anonymity of the
property owner from which the samples are actually analyzed. Procedures for the various
circumstances are described in Attachment A, Blinding Protocol for Sampling and Analysis
in Support of the Bioavailability Study, Midland Area Soils. If any discrepancy is identified
between the SAP, QAPP, and the Blinding Protocol, the Blinding Protocol will take
precedence.

=7



Insert Table 2-1 (excel) - 15 pages
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TABLE 2-2

Soil Physical and Geochemical Parameters of Interest
Sampling and Analysis Flan in Support of Bioavallability Study

Parameter?®

Estimated Range

Soil particle size distribution
Specific surface area (SA)

Soil organic carbon content {SOC)
Black carbon content (BC)

Ratio of hydrogen/carbon/nitrogen (H/C/N)

Not determined, no data set to estimate ranges

Not determined, no data set to estimaggé}ranges

® Qiu and Davis, 2004

R
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TABLE 2-3
List of Additional Chemicals
Sampling and Analysis Plan in Support of Bioavailabilify Study

Parameter

Acenaphthene

Acenaphthylene

Acetone

Acetophenone

Acetonitrile

2-Acetylaminofluorene; 2-AAF
Acrclein

Acrylonitrile

Aldrin

Allyl Chloride

4-Aminobiphenyl

Aniline

Anthracene

Antimony

Aramite .

Arsenic

Barium

Benzene

Benzofa]anthracene; Benzanthracen
Benzolb]flucranthene
Benzo[klfluoranthene
Benzo[ghi]perylene
Benzo[ajpyrene
Benzyl alcohol
Beryllium
alpha-BHC

:-.'}o <L C
-
beta-BHC’é‘% Y

delta-BHf: } g

)

o Llnda“ﬁé s

Bis (2-chloroj5 ~methylethyl) ether
Bis {2-ethylhexyl)phthlate
Bromodichloromethane
Bromoform; Tribromoethane
4-Bromopheny! phenyl ether
Butylbenzylphthalate

Cadmium

Carbon disulfide

2-10




TABLE 2-3
List of Additionat Chemicals
Sampling and Analysis Plan in Support of Bioavailability Study

Parameter

Carbon tetrachloride
Chlordane
p-Chioroaniline
Chlorobenzene
Chlorobenzilate
p-Chioro-m-cresol
Chloroethane
Chloroform
2-Chioronapthalene

2-Chlorophenol

4-Chlorophenylphenylether

Chloroprene

Chromium

Chrysene

Cobalt

Copper

m-Cresol

o-Cresol

p-Cresol

Cyanide

2,4-D; 2,4-Dichlorophenoxyacstic acid

4,4'-DDD

4,4'-DDE

4.4'-DDT

Diallate

giEenz{af,h]anEQ;gggggne
ibenzofurgg S

Dibromqgﬁ%‘%&meth%é@ﬁ

1,2-gjﬁf§’§x‘-ﬁo-;%3§’@opro%§né; DBCP

1¢2§f}3j_ romjjgg‘t‘hang%%gpylénedibromide

Di-n-b ?i\'g%,;ihth.aiate #

o—DichIoré@gﬁg&ne

m-Dichlorobgfizene

p-Dichlorcbenzene

3,3"-Dichlorobenzidine

trans-1,4-Dichioro-2-butene

Dichlorodiflucromethane

1,1-Dichloroethane

1,2-Dichioroethane

1,1-Dichloroethylene



TABLE 2-3
List of Additional Chemicals
Sampling and Analysis Plan in Support of Bioavailability Study

Parameter

trans-1,2-Dichloroethylene
2,4-Dichlorophenol
2,6-Dichlorophenal
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene

Dieldrin

Disthylphthalate

Thionazin

Dimethoate
p-(Dimethylamino)azobenzene
7,12-Dimethylbenzalalanthracene
3,3-Dimethylbenzidine
alpha,alpha-Dimethylphenethylamine
2,4-Dimethylphenol
Dimethylphthalate
m-Dinitrobenzene
4,6-Dinitro-o-cresol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dinoseb
Di-n-octylphthalate
1,4-Dioxane
Diphenylamine
Disulfoton

Endosuquafiu"fifgj;‘g

TS,

Endosilfah sufag,

E r’iﬁ “;“’9;:,._ ‘

Endrin‘gjdehyde
S,

Ethylbenzeg, .

Ethylmethacrylate

Ethylmethanesulfonate

Famphur

Fluoranthene

Fluorene

Heptachlor

Heptachlor epoxide

Hexachlorobenzene
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TABLE 2-3
List of Additional Chemicals
Sampling and Analysis Plan in Suppotf of Bioavailability Study

Parameter

Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachlorosthane
Hexachlorophene
Hexachloropropene
2-Hexanone

Indeno(1,2,3-cd)pyrene
Isobutyl alcohol

Isodrin

Isophorone

Isosafrole

Kepone

Lead

Mercury
Methacrylonitrile
Methapyrilene
Methoxychlor

Methyl bromide; Bromomethane
Methyl chloride; Chloromethane
3-Methyicholanthrene
Methylene bromide; Dibromomethaﬁh
Methylene chloride; Dichlororn}gzhane
Methyl ethyl ketone; MEK
Methyl iodide; Iodome{ghéne

Naphthalene
1.4- Népm oqulnone -
1- Naphthy[étmne
2—Naphthyiaﬁ;’1|ne
Nickel

o-Nitroaniline
m-Nitroaniline
p-Nitroaniline
Nitrobenzene
o-Nitrephenol
p-Nitrophenol
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TABLE 2-3
List of Additional Chemicals
Sampling and Analysis Plan in Support of Bioavaitabilify Study

Parameter

4-Nitrogquinoline-1-oxide
N-Nitrosodi-n-butylamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodipropylamine
N-Nitrosomethylethyl-1-amine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosopyrrolidine

5-Nitro-o-toluidine

Parathion

Polychlorinated biphenyls; PCB
Polychlorinatedibenzo-p-dioxins; PCDD
Polychlorinatedibenzofurans; PCDF
Pentachlorcbenzene
Pentachloroethane
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin
Phenanthrene

Phenol
p-Phenylenediamine
Phorate
Pronamide
Propionitrile
Pyrene )
Pyridine,
Safrglé” ™
SE]@’:'::\. m 5,

Styrene
Suifide
Sulfotepp
2,4,5-Trichlorophenoxyacetic acid
2,3,7,8-Tetrachlorodibenzo-p-dioxin

1,2,4,5-Tetrachlorobenzene
1,1,1,2-Tetrachloroethane
1.1,2,2-Tetrachloroethane
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TABLE 2-3
List of Additional Chemicals
Sampiing and Analysis Plan in Stuppatt of Bioavailabilily Study

Parameter

Tetrachloroethylene
2,3,4,6-Tetrachlorophenocl
Thallium

Tin

Toluene

o-Toluidine
Toxaphene
1,2,4-Trichlorocbenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichloroflucromethane
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
1,2,3-Trichloropropane
0,0,0-Triethylphophorothicate
sym-Trinitrobenzene
Vanadium
Vinyl acetate
Vinyl chloride
Total Xylenes
Zinc
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TABLE 2-4
List of Dioxin and Furan Congeners
Sampling and Analysis Plan in Support of Bioavailability Study

Analyte CAS Number
1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4
1,2,3,4,8,7,8-Heptachlorodibenzo-p-dioxin 35822-46-9
1,2,3,4,7,8,9-Heptachlorodibenzofuran 55673-89-7

1.2,3,4,7,8-Hexachlorodibenzeo-p-dioxin 39227-28-6
1,2,3,4,7 .8-Hexachlorodibenzofuran 55684-94-1
1.2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7
1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 |
1.2,3,7.8,9-Hexachlorodibenzo-p-dioxin | 19408-74-3

1,2,3,7,8,9-Hexachloredibenzofuran 72918 %-Q
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 40321-762

1,2,3,7,8-Pentachlorodibenzofuran 571 %
70848-26%,,
571131 f)

H.14746501-6

2,3,4,8,7,8-Hexachlorodibenzofuran

2,3,4,7,8-Pentachiorodibenzofuran

2,3,7,8-Tetrachlorodibenzo-p-dioxin

2.3,7,8-Tetrachlorodibenzofuran 151207-31-9
Octachloredibenzodioxin 3268-87-9
Octachlorodibenzofuran 39001-02-0
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TABLE 2-5
Required Analytical Method, Sample Containers, Pressrvation, and Holding Times
Sampling and Analysis Plan in Support of Bioavailability Study

Preparatory/ Analytical Sample Holding
Analysis Method Matrix® Container® Preservative® Time®
Soil Parameters That May Impact Bioavailability
Soil particle size ASTM D2217-85 Wet S 16-0z glass <10°C

Preparation (500 grams)

ASTM D422 Size
separation {sieve)®

Particle size distribution
above and below 250 ym
will also be included

Specific surface BET nitrogen gas S 2 or 4-0z glass
area physisorption (static (10 grams)_
pressure technique)f kv

Soil organic carbon Combustion’ NA
content
Black carbon Combustion' NA
content
Ratio of Elemental analyzer’ NA
hyd“’ge“’ carbon/ (Prior to analysis samples
nitrogen acidified to remove
inorganic carbon)
Dioxins and Furans
Dicxins and furans SW-846 8290/EP, Cool 4°C 30/45 days®
1613 =
8-0z glass
(100 grams)

Volatile organic 40-mL, glass HCl, pH < 2, 14 days

compounds cool to 4°C
10 g Methanol, cool  Field
to 4°C preserved,
pre-weighed 14 days to
40-mi, glass analysis
1-L amber Cool 4°C 7140 days”
glass _
SW-846 35508/ S 4-0z glass Cool 4°C 14/40 days
5 8270C (30 grams)
Organcchlorine SW-846 3510C/3520C/ w 1-L amber Cool 4°C 7140 daysh
pesticides 80B1A glass
SW-846 3550B/8081A s 4-0z glass Cool 4°C 14/40 days
Cleanup — 36208 (30 grams)

247



TABLE 2-5

Required Analytical Method, Sample Containers, Preservation, and Holding Times

Sampling and Analysis Plan in Support of Bicavailability Study

Preparatory/ Analytical Sample Holdin
Analysis Method Matrix® Container® Preservative® Time
Orge_mlophosphorous SW-846 3510C/3520C/ W 1-L amber Cool 4°C 7/40 daysh
pesticides 8141A glass
i
SW-846 3550B/8141A s 4-0z glass Cool 4°C 14/40 days
(30 grams)
Herbicides SW-846 3510C/8151A W 1-L amber 7140 daysh
glass
SW-846 3550B/8151A S 4-0z glass
(30 grams)
Pplych!orinated SW-846 w 1-L ambe;: 7/40 daysh
Biphenyls 3510C/3520C/8082 glass
i
SW-846 3550B/8082 s 4-0z glass 14/40 days
Cleanup — 3665A —(,3’@5}%:};3”15)
Metals (total) SW-846 w 500-nik 6 months
3010A/3020A-SW6010B } Cool 4°C
Series
SW-846 3050-SW6010B pa\%o E ?Z g g’ﬁg 4 Cool 4°C,
{7000 Series (18 grams)
Mercury SW-846 7470A . 500-mL HNOs, pH<2 28 days
- polyethylene Cool 4°C
SW-846 7471A 2-0z glass Cool 4°C,
G ; X {10 grams)
e, SRR L5
Cyanide SW-846 9040B/9012A ¥ 1-L pH>12NaOH 14 days
B # polyethylene Ascorbic Acid
T
as needed
%, {.69)
_ 5 S 4-0z glass Caol 4°C
- (30 grams)
swagg,e 9030B w 1L pH>12 NaOH 7 days
glass/polyehtyl and Zinc
ene acetate, Cool
4°C
S £
4-0z glass Cool 4°C
{30 grams)
Total Organic EPA 415.1/SW-846 9060 w 250-mL glass H2804 or HCI 28 days
Carbon pH < 2, Coal
4°C
S 2-0z glass (10  Cool 4°C
grams)
Percent Moisture EPA 160.3/ASTM D2216 S 2-0zglass (20 None NA

grams)
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TABLE 2-5
Required Analytical Method, Sample Containers, Preservation, and Helding Times
Sampling and Analysis Plan in Support of Bioavaifability Sfudy

Preparatory! Analytical Sample Ho[dmg
Analysis Method Matrix® Container” Preservative® Time"

Sample container and volume requirements will be specified by the analytical laboratory performing the tests.
Three times the required volume should be collected for samples designated as MS/MSD samples.

Minimum sample volumes are included in parentheses

a Sample matrix: S = surface soil, subsurface soil, sediment;, W = surface water.
b All containers will be sealed with Teflon®-lined screw caps.

¢ All samples will be stored promptly at 4°C in an insulated chest.

d Holding times are from the time of sample collection.

e 30 days to extraction for water, 45 days for analysis.

f Dane and Topp, 2002.

g Brunauer et al., 1938.

h 7 days to extraction for water, 40 days for analysis.

| 14 days for extraction for soil, 40 days for analysis.

°C = degrees Centigrade BET = Brunauer-Emmeﬁmeder k-

mL = milliliter EPA = U.S. Environmetital Pi‘éfectt%n Agency

L = liter ASTM = Ameﬂcan Societysfor Testing and Materials
0z = ounce é

NaCH = sodium hydroxide
H2S04 = sulfuric acid
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Insert Figure 2-2
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SECTION 3

Data Evaluation Procedures

3.1 Soil Parameters That May Impact Bioavailability

The quantification of soil physical and geochemical properties potentially inflyéncing
bioavailability is intended to identify representative soils for use as feedstogiin possible

future bicavailability studies that will be used estimate relative b1oava11abﬂ1tyﬁg§dloxms
and furans in study area soils. -’5?5

Analytical results for the soil properties will be used to calculate bést‘*egtm}étes of the ranges
of values for each soil property. This analysis also will provide the basis or
recommendations for colleting soils for use in future bloavaﬂ%hh;y studiés: tt
representative of the soils observed within the study area. Meetmg‘%lé;; samp

will require both statistical and spatial evaluation of e&gj}l of the ngfpf%értles as well as the
concentrations of dioxins and furans in Midland ared soils; Data e;galuatlons will be limited

to individual soil properties, consisting of the follﬁi}\?’ﬁfag Eﬁgg dures®”

e Statistical distributions for each soil propertjz:iﬂ’f" teres . will be examined through
graphical displays (probability plots pfsobserved lues against normal and lognormal
theoretical values for the sample size). Gengentloﬁal goodness-of-fit tests
(Shapiro-Wilks and/ or Shapiro-Francia testd: {gr sa?nple sizes less than and greater than
50 observations, respectively):to establish appr@prlate methods to estimate ranges of
values for the soil properties? ‘within the study area also will be applied in the
examination of soil properties ok terestg -Goodness-of-fit distribution test results will
determine which equaﬂ.@ns are appg@kgriate to provide statistical estimates of interest
(ranges, median with confidénce intétvals, and/ or upper bounds of soil property
concentrations)##{f proba‘bﬂﬁy p%%’%s exhibit distinct breaks over the range of values,
md1v1dua1 Value groupmgs will be plan-view mapped in conjunction with other spatial

= h,-

. Spatlaf%mtnbuhon of the soil properties will be performed through plan-view mapping
oﬁfeéuits%gg_ﬂ prOPertles exhibiting apparent random distribution of values throughout
~he will'bgcotisidered homogeneous. Soil properties exhibiting localized clusters of
%% or rediiced levels will be considered heterogeneous with potentially different
subg% ulations of concentration levels within the study area. Outputs from the
evaluatlgns will include summary statistics of each factor over the study area and the
relative homogeneity of each factor and maps supporting application of single or
multimodal estimates of factor concentrations. Soil properties exhibiting nonnormal
behavior and/or spatially clustered results will be evaluated within spatially localized
areas to provide more accurate estimates of concentrations within areas exhibiting
localized distributions which differ in other areas.

¢ If one or more of the soil properties exhibit multimodal and/or spatially heterogeneous
behavior, correlations among soil properties will be evaluated to determine which (if
any) soil properties coincide spatially. If soil properties covary and exhibit locally
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different levels of factor concentrations, populations within the study area will be
identified as potentially independent areas for collection of soils for use in
bioavailability studies.

¢ Because the nature of the distribution and relationships of the measures potentially
affecting bioavailability is unknown at this time, it is not possible to determine precisely
how these groupings will be developed. There are, however, a number of multivariate
methods that can be used to further generalize and characterize results. The preliminary
univariate and spatial distributions of the bioavailability measures will be sgpplemented
with multivariate methods to determine which measures covary and to \leat extent they
covary. Cluster analyses can then be used to segregate different groupﬁ (AGtgss the
multivariate sample space) to identify individual locations that are, siote an§ <
similar. These groupings can then be mapped to determine if t}}é groupmgs reprgsent
spatially distinct areas within the study area or suggest study-areay de heterogeneity.

The information on the statistical and spatial distribution of tlije'study pa 1eters will be
used to group soils based on their characteristics for the purpose 6f; s§g§chngf§ozls that will

be used in a future bioavailability study. The followin %g ob]ectlves,wﬂ{l f?é flised to guide
selection of soils that will be collected for use in the %Eioau' '1ab111ty%sstudy

5

+ Test soils that are representative of the range of ayailability-parameters measured

throughout the study area. Ideally, it is geﬁreﬂ»to sei t soils that are representative of
Iow, medium, and high levels of the fariggrs that %uence bioavailability.

» Test soils that are representative of dioxin
study area. Soils selected for the bioavailab
concentrations that are repre;
the study area.

ran cencentratlons found throughout the
t ,;tudy should have dioxin/furan
tative of the rafige concentrations that are present within

2‘”«

The final basis for the seletéttcm of soilsito, bé used in the bicavailability study along with the
methodology and procedutes\f J; @Qﬂectfgn of the samples will be documented in the future
bioavailability workl] plan thag will g&subrmtted to MDEQ for review and approval. This
information is not promded m%thls SAP because the basis for selection of the soils is not yet

3. ?g Adgit;gonal Hazardous Substances Results

Data\ﬁg_sul%‘mg frorn this portion of the evaluation will provide pre-remedial investigation

(chemicalsfithat may be associated with the Dow Plant. If all proposed samples are
collected, the resulting sample set will consist of analytical results for both the 0- to 1-inch
and 1- to 6-inch sample intervals at 40 locations proximal to the Dow Plant. This data set
will be sufficient for the following:

¢ Evaluate the statistical distributions of analytes detected in each sample interval

¢ Evaluate the spatial distribution of detected analytes in each sample interval

¢ Determine whether the distributions of detected analytes in the different sample
intervals are statistically similar
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The results of these analyses are not intended to be used to conclude whether or not any
contaminant detected resulted from historic manufacturing operations at the Dow Plant,
complete identification of Dow-related PCOIs, or provide detailed evaluation of potential
risk. The following subsections describe the evaluations that will be conducted.

3.241 Statistical Distributions

The initial summary of the analytical results will rely upon descriptive statistics for each

analyte and sample interval group. The statistical measures reported for each analyte will
include the following:

¢ Number of samples

+ Number of detected results

* Range of detected concentrations

e Range of reporting limits for nondetected results %{

intervals)

The statistical information will be presented in I%l -':VVhICh will be organized to clearly
identify whether an analyte is present or absent mtﬁe designated sample interval.

3.2.2 Spatial Dlstrlbutlon
Plan-view mapping will Be&%ed.to evalfi

&

%‘«:f"”
7

3.2.3 Samplé Intgwaltompar:sons

Evaluations ofbigth.surf See ancgl‘ :Subsurface soils, independently, will rely upon standard
summary ,sfatist%s&as #ibed above. Comparison of the 40 paired surface (0- to 1-inch)
and subsurfagg (1- b, .6-inch) sets of results will consist of two steps. First, the pooled set of
paired suiface %nd shallow subsurface results will be summarized in the same way. Here,
the %ummaz:y tab& will be used to establish which analytes can be reliably compared
betwég@@"he two sample depths. Reliability of comparisons depends, primarily, upon the
frequency%gf detection. Three different cases and applicable evaluation methods are
described, eﬁ* follows:

1. The simplest case occurs for the analytes that are detected in all samples. Those analytes
will be compared using conventional paired T-tests and/or the nonparametric analogue
of the Mann-Whitney test comparing two populations. Results from the tests will be
summarized, listing the analytes for which no statistically significant differences in
depths were detected, analytes that were significantly higher in surface samples, and
analytes that were significantly lower in surface samples.



2. The second simple case, which precludes comparisons, consists of analytes for which
detection frequencies are zero. Statistical comparisons between concentrations of an
analyte detected at the two depths would be meaningless because any differences would
simply represent differences in laboratory quantitation.

3. The more difficult case includes those analytes for which frequencies of detection lie
between 0 and 100 percent. Analytes with extremely low frequencies of detection may
be compared strictly on that basis: relative frequency of detection of a given analyte in
surface and subsurface samples. Presumably, if there are statistically ﬂgﬂlggant
differences in detection frequency, the case would have been made that, 18 some extent,
there are vertical differences in the distribution of the analyte — the subs’t%ﬁc of the
difference can only be evaluated with improved detection limits. %" “F

Evaluation results will be summarized as a list of analytes, grouped“ia;gz&case&and statr fical
test result, defmmg the case and the presence or absence of statlsncallj} \%mﬁcant

understanding of the dIStrlbutlon and coﬁé‘en’cratlons of these contaminants, samples of
surface soils collected and selected for analy31 from all ‘'of the sampling stations will be

analyzed for furans and dioxins. If access is gran‘
areas, the investigation will yield results for over 145 locations within the study area. The
data will provide useful informatién for an ipitial evaluation of both the statistical and

relative spatial dlstﬂbutlop of dioxinand fu::an concentrations in surface soils in the

Midland area. ;%5;?

by property owners for all sample

o

Data evaluations w1f1 be llmited to T%’hstical distribution testing and mapping of toxicity

equivalent (TEQ) concentranons similar to those evaluations described for bioavailability

parameters apd; he‘adch tonal fitget analyte chemicals. Where two interval sample data are
R

collected, xésults for 0- to"T-thch interval samples also will be compared to results for 1- to

6-inch 511tervai samples to determine whether the two intervals are significantly different or

can e treated \‘$§>a smg’le interval.

None“% hese evaIuatlons require detailed property location or ownership information and

can be coftducted using the blinded sample identification numbers.
.3} L

3.4 Effects of Access Constraints

Implementation of this study and the utility of the data obtained depend on success in
gaining access to the proposed sample locations. For sample locations not on Dow-owned
property, access agreements will be required from owners of public and private property.
Dow will describe the confidential aspect of the study and indicate that the property owner
has the option of obtaining analytical results from their sampling station if a sample is
collected from their property. Given the potential that access may be denied to a number of
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properties, Dow and MDEQ will review the access agreements obtained in the context of the
sample design prior to initiating these field investigations.

The proposed sampling has been designed to obtain data that can be used to characterize
soil properties with reasonable confidence over the study area and indicate the presence and
level of dioxins and furans and other contaminants in Midland area soils. Once access
efforts have been conducted and completed, potential limitations to the sampling design
resulting from lack of access will be evaluated with respect to both number and location of
properties giving access. Constraints on the number of locations granted accesg;may
adversely affect the statistical confidence in interpretation of results. Similagl§
constraints, limiting spatial coverage of the study area, could adversely affec
information on the analytes of interest. S -

he resulting

o
T,

é K ot
If either sample size or spatial distribution or the combination of saﬁi@ e sgﬁe and F
distribution appears to severely limit attainment of project ob]echves, By will meet with
MDEQ to discuss potential alternatives.

3.5 Data Gaps e

gmg b§S determined that data

%

gaps exist that may need to be addressed prlogta;l-f aff ng% “Bloavailability work plan.
re’ﬁfgsentatwe soﬂs for use in the

in order to identify actions necessary to fill th‘°' data gagas Actions that might be identified

include collecting additional samples or conductity additional or different laboratory
analyses.

2

Samples collected to develop addi engl mfo ation on the nature and extent of dioxins and
furans will be incorporatéd:into the dégglgpment of the remedial investigation work plan,
and any data gaps 1dent1f1ec}1>“r%’7ﬂl* 1ncerp0rated into sampling proposed as part of that
plan. Similarly, san{iﬂmg to: def{ern‘f%fe whether additional Dow-related hazardous
substances are presentm Mlgiand area surface soil will be incorporated into the
deve}opmentxcf Hhex al 1r1vest1gat10n work plan.
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SECTION 4

Data Management and Validation

All data collected under this SAP will be managed in accordance with the QAPP

{CH2M HILL, 2005c); however, most of the soil properties specified for this SAP are not
standard chemical analyses and do not lend themselves to certain types of quality assurance
specified in the QAPP (for example, matrix spikes and method blanks canngtbe performed
for particle size distribution or BC). All analytical results and laboratory éportg,will be
reviewed for accuracy and validated where feasible. The data will thgqp%e"éccesé‘f%lg for
evaluation, interpretation, and reporting activities. wf “@%
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SECTION 5

Schedule

Implementation of this SAP can be affected by weather and the time needed to obtain access
to a sufficient number of properties. The schedule shown in Table 5-1 has been constructed
to identify the key dependencies and time frames. :

TABLE 5-1

Schedule

Sampling and Analysis Plan in Support of Bicavailability Study

Date

June 1, 2006

July 25, 2006

August 4, 2006 AE X

August 4, 2006 Upon MDEQ Vi ‘w of SAP, 1n|t|at&{gnalllng of access
agreements for péi Gels: l\%samphng stations.

August 7, 2006 Submi a“ﬁ%
(ISA j&; E

September 1, 2006 1ISAP pro”gies com:“nents on SAP.

September 1 to October 20, 2006 . MDEQ review:and* approval Finalize SAP and prepare to

implement sanpling program.

October 23 to November 22, 2006 Field sagnp!mg

There must be access to suffi csentgoperties to cmeg\fe minimum investigation objectives and surface soils

must be accessible {that is, no sn‘o ) for samp!mg be completed on this schedule.
2 &

The investigation rep rt‘wﬂl%e submitted to MDEQ within 60 days of completion of
sampling, analyt;c J wor dat% walidation, data summary, and evaluation. The schedule
aboveis p alcé‘i’ﬂgo ’a%?ﬁinber of assumptions over which Dow has no control. Efforts
have begi mgde th¥qugh meetings, conference calls, and electronic communications to
prepgfé a SA%@A\at W%L be approvable by MDEQ without modification. Based on input
frovit MD]%Q it W% assumed that the Independent Science Advisory Panel (ISAP) review
wouldibe “limited t5 the verification that the appropriate bicavailability parameters were
selected. %(e,ylew comments from ISAP were assumed to be provided within 30 days.

bd
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