National Park Service
U.S. Department of the Interior

Natural Resource Program Center

Northeast Coastal and Barrier Network Assessment of
Contaminant Threats

Sagamore Hill National Park

Natural Resource Technical Report NPS/NCBN/NRTR—2010/344




ON THE COVER
Winter sunrise behind Theodore Roosevelt's home at Sagamore Hill National Park
Photo taken by Brian Forseth



Northeast Coastal and Barrier Network Assessment of
Contaminant Threats

Sagamore Hill National Park

Natural Resource Technical Report NPS/NCBN/NRTR—2010/344

Keith R. Cooper

Rutgers University

Cook - Biochemistry & Microbiology
76 Lipman Drive

New Brunswick, New Jersey 08901

Marija Borjan

Rutgers University

Cook - Entomology

93 Lipman Drive

New Brunswick, New Jersey 08901

June 2010

U.S. Department of the Interior
National Park Service

Natural Resource Program Center
Fort Collins, Colorado



The National Park Service, Natural Resource Program Center publishes a range of reports that
address natural resource topics of interest and applicability to a broad audience in the National
Park Service and others in natural resource management, including scientists, conservation and
environmental constituencies, and the public.

The Natural Resource Technical Report Series is used to disseminate results of scientific studies
in the physical, biological, and social sciences for both the advancement of science and the
achievement of the National Park Service mission. The series provides contributors with a forum
for displaying comprehensive data that are often deleted from journals because of page
limitations.

All manuscripts in the series receive the appropriate level of peer review to ensure that the
information is scientifically credible, technically accurate, appropriately written for the intended
audience, and designed and published in a professional manner.

This report received informal peer review by subject-matter experts who were not directly
involved in the collection, analysis, or reporting of the data. Data in this report were collected
and analyzed using methods based on established, peer-reviewed protocols and were analyzed
and interpreted within the guidelines of the protocols.

Views, statements, findings, conclusions, recommendations, and data in this report are those of
the author(s) and do not necessarily reflect views and policies of the National Park Service, U.S.
Department of the Interior. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use by the National Park Service.

This report is available from (http://www.nps.gov/nero/science/) and the Natural Resource
Publications Management website (http://www.nature.nps.gov/publications/NRPM).

Please cite this publication as:

Cooper, K. R., M. Borjan. 2010. Northeast Coastal and Barrier Network assessment of
contaminant threats: Sagamore Hill National Park. Natural Resource Technical Report
NPS/NCBN/NRTR—2010/344. National Park Service, Fort Collins, Colorado.

NPS 419/104175, June 2010


http://www.nature.nps.gov/publications/NRPM�

Contents

Page

10 SO SSSSRSI v
JLIE: 0] 2SRRI vii
LiSt OF ADDIEVIATIONS ......oviiiiiiiiciee ettt bbb eneas IX
L1 g0 0 U od o] o SRR TR PRPRRO 1
General Physical CharaCteriStiCS ........viiieiiiieiieie e sie e e et e e nneas 1
BIOIOGICAl HADITALS ..ot nae e 4
Source Inputs at Sagamore Hill National Historic Site (SAHI) ......coooviiiiiie i, 5
ONSIEE INPULS ...ttt ettt et e st e e b e e be e st e nbe e beenbesneenbeaneenneas 5
TEITESTIIAN SOI ... bbb 5
SUITACE WALET ...ttt sttt b et et e st e et e s st e s beebeeneenreas 7
GFOUNAWALET ...ttt b bbbttt e et bbb bt bt e e et e 9
OFTSIEE TNPULS ...ttt e bt et et e e beenbesbeenbeeneenreas 9
SUITACE WALET ...t bbbttt bbbttt eas 9
TEITESIIIAI SOUICES. ..ottt ettt sre e bt re e b e 10
Chemicals of Concern in DIfferent IMatriXeS.........covvveiireniiininieeeee e 13
SUTACe WaALEr ANAIYSIS .....eieiiiieie et ettt ne e 13
Oyster Bay and Cold Spring Harbor Sediment Toxicity and COCS ........cccccceevivviveiesiennnnn, 13
GIOUNGWALE ...ttt sttt s e bt e bt e st e b e be e st e e be et e e n b e ebeenbeeneesreebe e 16
Monitoring Recommendations Based on Risk Evaluations..............c.ccovvevviieiieiese e, 21
Management RECOMMENAALIONS.........ooviiieiiiie ettt nneas 22
(O] T [ 1S{ o] o A ST P PP PR UPPPRPI 25
(YT oL (=3 O (=10 RO PR TR 27



Appendix 1: Hazard Quotient Approaches and Sampling Protocols for Screening Level

Evaluations for Chemicals of Concern at National Parks

Appendix 2: Hazard Quotient Approaches and Sampling Protocols (continued) ...........cccce.......



Figures

Page
Figure 1. Location of SAHI on Long Island, NeW YOrK. .......cccccevviiieieiiiiieece e 2
Figure 2. Map of SAHI on Long Island, NEeW YOrK. ..o 2
Figure 3. Topographical Map and Nature Trail ROULE............ccecvviriiieiiiie e 3
Figure 4. Hazardous Waste SiteS near SAHI. ..o 12
Figure 5. Sampling Locations in Oyster Bay (#11) and Cold Spring Harbor (#7).........ccccue...... 16






Tables

Page
Table 1. Detection of Pesticides Applied to Estuarine Environment. ...........cccccoovevviieinenecnennnnn, 6
Table 2. EPA Water Quality Criteria Analysis for Entire SAHI Study Area. ........ccccoeevvennenne. 14
Table 3. NOAA Sediment Data for Metals in Sites near SAHI. ..o 17
Table 4. NOAA Sediment Data for Organic Chemicals. ..........cccoovieiiiiininnene e 18

Table 5. Recommendations for Sampling to Examine COCs in Different Matrix in SAHI........ 23

vii






List of Abbreviations

atm Atmospheres

AUF Area Use Factor

BAF Bioaccumulation Factor

BCF Bioconcentration Factor

BW Body Weight

CFC Chlorofluorocarbon

CFR Code of Federal Regulations

CcoC Chemical of Concern

CRC Contamination Reduction Corridor
CRZ Contamination Reduction Zone

DDE Primary persistent metabolite of DDT
DDT Broad spectrum pesticide

DOT Department of Transportation

EEE Eastern Equine Encephalitis

EPA Environmental Protection Agency
ERL Expected Response Low

ERM Expected Response Moderate

FCM Food Chain Multiplier

FIR Food Intake Ratio

GFCI Ground Fault Circuit Interrupter

GPS Global Positioning System

HQ Hazard Quotient

IR Ingestion Rate

Kow Octanol/water partitioning Coefficient
LDs Lethal Dose resulting in 50% death
LOAEL Low Observable Adverse Effects Level
MHQ Matrix concentration quotient

MTBE Methyltetbutylether (gasoline additive)
MPN Most Probable Number (bacteria)
NCBN National and Coastal Barrier Network
NOAEL No Observed Adverse Effects Level
NPS National Park Service

PAH Polyaromatic hydrocarbons

PCB Polychlorinated biphenyl

PEL Probable Effects Level

pH Concentration of hydrogen ions

PMys Particulate Matter 2.5 microns in size
PMyo Particulate Matter 10 microns in size
ppb Parts per billion (ug/Kg or ug/L)

ppm Parts per million (mg/Kg or mg/L or atmospheric # atoms/cubic meter air)
QA Quality Assurance

QAWP Quiality Assurance Work Plans

QC Quality Control



List of Abbreviations (continued)

RI/FS
ROD
SAHI
SOP
SQUIRT
TDI
TEL
TBT
THQ
TOC
TRI
USEPA
VOA
VOC

Remedial Investigation/Feasibility Study
Record of Decision

Sagamore Hill National Park

Standard Operating Procedure

Screening Quick References Tables
Total Daily Intake (of a compound)
Threshold Effects Level

Tributyltin

Threshold Hazard Quotient

Total Organic Carbon

Toxic Reporting Inventory

United States Environmental Protection Agency
Volatile Organic Analysis

Volatile Organic Compounds



Introduction

The purpose for this report is to review existing contaminant data from all sources (state, U.S.
Environmental Protection Agency, National Park Service, U.S. Corps of Engineers etc.) and
produce a data synthesis report for Sagamore Hill National Park (SAHI). Site visits and
interviews with NPS staff were carried out to evaluate sources and threats and assess the
ecological setting at each park. A park specific baseline inventory and monitoring plan which
will include recommendations for frequency of sampling, sampling locations, sample analytes,
analytical methods and sampling methods based on the information collected from Task 1 and 2
will be prepared and recommendations of contaminant assessments that should be conducted to
evaluate threats to natural resources to document impairment will be submitted. The
recommendations are based on the current data sets that may be limited due to minimal sampling
for specific chemical contaminants at the park and in the surrounding area.

The approach taken in this and other reports will utilize a hazard quotient (HQ) approach. A
detailed discussion of this approach is presented in Appendix 1. The basic principle is that
detected levels in a matrix (sediment, soil, water or tissue) that are greater than a given bench
mark concentration or dose that is considered a threshold for toxicity results in a HQ greater than
one. HQ greater than one for a compound would result in that compound being considered a
chemical of concern (COC). In the case where there are no data from a site, but there is literature
or personnel observations that would suggest the specific activities could contribute to chemical
loading that could impact park wildlife, then sampling is suggested to be carried out to confirm
or refute such an assertion.

General Physical Characteristics

SAHI is an 83 acre park located in an urban and suburban environment in Oyster Bay, Long
Island, New York. The park is part of the Oyster Bay National Wildlife Refuge that encompasses
Oyster Bay Harbor and a portion of Cold Spring Harbor (Figure 1). The park is approximately 35
miles from New York City and is in an urban residential setting. The park is located in the
central portion of the Cove Neck Peninsula. The peninsula is surrounded by Oyster Bay and Cold
Spring Harbor. Both of these water bodies are saltwater and receive freshwater inputs from
streams and creeks, and soil inputs from surface runoff.

There is good tidal exchange between Long Island Sound and these more protected bays. The
lands surrounding the bay are generally at a higher elevation with drainage into creeks that enter
the bays, resulting in this bay complex acting as a sink for terrestrial borne contaminants. In
specific areas along the shoreline there are estuarine marshes and sandy beaches intermixed with
residential and commercial activities. The offshore waters are heavily utilized by recreational
boaters. The upland areas are primarily second growth forests and residential areas (Figure 2).
The park’s variety of habitats—woodlands, open fields, beaches and salt marshes—provide a
great deal of diversity in plant and animal life. There are two freshwater ponds (Heron and
Woodpile) located in the upland woodlands. In spite of the surrounding urbanization, SAHI has a
relatively rare and intact stand of native oak-tulip tree forest in the northwest corner of the park.
The park also includes a hydrologically intact maritime complex consisting of high and low salt
marshes, a tidal creek, dunes, and beach. The park’s beach-salt-marsh-tidal-creek habitat
complex is part of the larger Oyster Bay and Cold Spring Harbor system.
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Figure 1. Location of SAHI on Long Island, New York.
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Figure 2. Map of SAHI on Long Island, New York.

The residences in the area are primarily large family-type estates on large acreage of grass fields
and forested areas. The area surrounding the park would be considered suburban with residential
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areas having well maintained lawns. There are small urban centers such as Oyster Bay and many
small village type communities.

The soil can be best described as sandy with a layer of plant humus on the surface. Beneath the
sandy soil is bedrock. Because of the sandy nature of the soil leachable compounds will move
with the groundwater and potentially concentrate into the ponds or marsh area because they are
down-slope from the buildings and grounds. The bedrock will act as a barrier to deeper
penetrations of chemicals. Although there is limited onsite application of chemicals, the ponds
and marsh area will act as naturally occurring retention basins. The sediments in the ponds and in
the marsh area could act as sinks for persistent contaminants.

The beach and marsh area are on the down-slope of the park and borders Cold Spring Harbor
(Figure 3). The marsh area is fed both by freshwater from the upland area and saltwater from the
tidal action in the bay. The beach is connected to the upland area by a walkway that crosses the
marsh area. Adjacent to the beach area, on the southern edge, there is a small inlet, which has a
bulkhead and a dock along with several gasoline powered watercrafts.
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Figure 3. Topographical Map and Nature Trail Route.



Biological Habitats

Due to its small size, SAHI does not contain large, contiguous areas comprised of a single
vegetation type. However, the site’s many vegetation types are utilized by a variety of wildlife,
including rare species. The parks fauna consist of a variety of urban tolerant species, but some
species like the spotted salamander (Ambystoma maculatum), frogs (green frogs, [Rana
clamitans], bullfrogs [R. catesbeiana], gray tree frogs [Hyla versicolor]), and Eastern box turtle
(Terapene carolina carolina), which are uncommon in developed areas. The park also houses 21
species of dragonflies and damselflies including the rare comet darner (Anax longipes). The
presence of dragonflies and damselflies would indicate that the waters they are breeding in are
relatively pristine because these insects are very sensitive to metals, pesticides, and organic
compounds. Their presence in a stream is used as a gauge of low level contamination and
therefore they are considered an indicator species (May 2004). The two ponds (Heron and
Woodpile) are the only freshwater wetlands in the park and exhibit high species diversity. The
ponds are critical for obligate vernal pool breeders like wood frogs (Rana sylvatica), spotted
salamanders, spring peepers (Pseudacris crucifer), and grey tree frogs. There are no fish within
these ponds.

The salt marshes attract the diamond-backed terrapin (Malaclemys terrapin) that comes ashore in
spring and lays eggs in holes dug in loose sand. There is a flyway for migratory

birds moving along the east coast. There are a total of 116 species of birds seen in SAHI. Notable
species found here are the winter wren (Troglodytes troglodytes), great crested flycatcher
(Myiarchus crinitus), yellow billed cuckoo (Coccyzus americanus)), and the ruby crowned
kinglet (Regulus calendula). Below the beach waterline and in the marsh area are a number of
molluscan species (bivalve and gastropods) present in the intertidal area and in the back marsh.
Invertebrate species such as sandworms are present along the shoreline along with other seasonal
species. These invertebrate species and lower vertebrates serve as an important source of energy
for the migratory and resident birds.




Source Inputs at Sagamore Hill National Historic Site (SAHI)

SAHI is a small park with minimal large industry impacting the local environments (Figure 4).
The potential COC inputs to the park can include both offsite and onsite activities. The COC
inputs can reach the park through air, land, and water routes. However, without actual
measurements of the compounds onsite we are making assumptions concerning the potential for
the COCs to be present and having an impact on wildlife and flora. Table 1 summarizes the
potential factors that could impact the park’s flora and fauna both from activities carried out
within the park as well as offsite activities. Each one of these areas will be discussed as it relates
to potential COCs. Based on the limited information that is available, the potential for an activity
or COC to affect the wildlife or flora of the park will be discussed.

Onsite Inputs

The onsite activities at this park are relatively straight forward due to its size and lack of non-
park related activities within the park boundaries. Even in this small park there are activities that
could result in chemical exposure to flora and fauna and produce adverse effects.

Terrestrial Soil

According to discussions with park personnel, the age and proper functioning of the septic
systems has resulted in areas of water pooling and enriched plant growth. The impacts of nutrient
enrichment are being evaluated by other groups and will not be discussed in this report. There
are several septic systems on park property, and they are adjacent to each building. These septic
systems could be a source for increased chemicals entering the ground and surface runoff water,
especially during peak season when the system is at maximum capacity. The compounds of
concern from these systems include nitrogen, phosphorous, trace metals, pharmaceuticals,
personal care products and a wide variety of organic compounds (surfactants 1.2-6.5 mg/L,
alkylphenol polyethoxylates, 1,4-dichlorobenzene, xylenes, 1,1-dichloroethane, 1,1,1-
trichloroethane and dimethylketone). The widespread occurrence of these organic compounds is
due to their presence in household solvents and cleaners (USEPA 2000). An example of
concentrations of metals reported in septic tank effluents include the following: arsenic (6-59
ug/L), barium (400-1310 ug/L), cadmium (30-330 ug/l), chromium 960-1400 ug/L), lead (0-2700
ug/L), mercury (1-3 ug/L), nickel (0-4000 ug/L) and selenium (3-39 ug/L). The presence of
septic systems in sandy environments will result in chronic low level releases of compounds into
groundwater and surface waters. Septic systems are how waste water is treated at the park and
the majority of private homes in the area. It is estimated that 189 to 265 liters per person per day
is generated. USEPA estimated that 19 liter per person per day would be the volume of water
contributed to a septic system for a visitor’s center. Contaminants entering the groundwater
aquifers by these systems could pose a serious threat to the small ponds (Heron and Woodpile)
and salt marsh area. It is critical to determine the concentration of metals and organic compounds
being introduced into the shallow groundwater system.

The slope of the upland areas would result in the chemicals applied on the grass and asphalt
areas in the uplands migrating down slope into the freshwater ponds and ultimately entering the
salt marsh areas behind the beach. The marsh wetlands are fed both from the upland freshwater
but also from the bayside (Figure 3).



Gasoline was being stored in underground tanks before the year 2000. There was a contract to
remove it when it was noticed that one of the tanks was leaking, hence the tank was removed
along with some surrounding soil. There are no data regarding how much leakage occurred and
no sampling was done in that area. This is unlikely to be a problem today.

The buildings are heated with fuel oil (S. Gurney, personal communication, January 2006).
Underground storage tanks for heating oil pose a potential threat if a leak should occur. The
extent of any spill would be minimal because the storage tanks have alarms that are activated
when a spill occurs. The question would be how quickly the spill could be contained. Above-
ground storage tanks with spill catchments would be less of a risk than below-ground tanks.
However, a massive breach of an above-ground tank can overwhelm catchments and spread
rapidly over the soil surface.

Gasoline and oils in the parking area and in the surrounding areas drain into the two ponds. It can
be assumed that cars and buses in the parking area contribute to a hydrocarbon film, local
atmospheric releases, and trace metals, which collect on the pavement. When it rains, the
contaminants will run off the pavement into the surrounding soil. A short list of contaminants
that are known to be released from combustion engines include: carbon monoxide; nitrogen
dioxide; sulphur dioxide; suspended particles including particulate matter 10 microns in size
(PMyp) and particulate matter 2.5 microns in size (PM_); benzene; formaldehyde; polyaromatic
hydrocarbons (PAHSs); and fuel additives like methyltetbutylether (MTBE). The COC
components of these materials are likely not the mono-aromatic components, but the polycyclic
compounds with higher vapor pressures. Even though MTBE has been banned from New York,
as of 2005 the additive was still being used in neighboring states. From historical usage and
continued reduced use, MTBE may be detected in the runoff and surrounding soil. Because
MTBE has high water solubility and leachability, it is a common groundwater contaminant. It
must be realized that there are a number of other contaminants that are released from gasoline
and diesel exhausts that could impact the fauna inhabiting the small receiving pond. These
compounds could be of concern especially during peak season, or when there have been long
periods of little or no rain, which allows compounds to accumulate on the surface. The metals
that have been deposited for many years may also have begun to accumulate in the sediment
areas in the ponds.

Table 1. Detection of Pesticides Applied to Estuarine Environment.

Percentage = Range of Detected

Compound Detection Limit (ng/L)

Detected Concentrations (ng/L)
g’l'ﬁ:ﬁtt?]'ﬁgl& 0 (0/72) NA <5 ng/L
PBO 33.0 (24/72) 35-59,800 <5 ng/L
Resmethrin 11.1 (8/72) 6 -293 <5 ng/L
Methoprene 9.7 (7172) 39-9.030 <5 ng/L
Methoprene Acid 2.4 (1/41) 1,710 <20 ng/L

! Neither compound was applied and or detected in this study.



Historic use of pesticides at the park may have left residues in the soil at specific locations. One
area could be the orchard area where arsenical pesticides have been used quite extensively
(Figure 2). Background levels of arsenic in uncontaminated soils in the USA are 7.4 mg/kg dry
weight (Jorgensen et al. 1991). Orchards treated with arsenical pesticides had a mean of 165
mg/kg dry weight in the USA (Eisler 1988). The typical use rates were 4.00-60.00 kg/ha until the
mid to late 1940s. This compound is very persistent and if applied, is likely to be present in
historical soils. A single composite sample from this area should be analyzed for arsenic (AA
Furnace 7060). The use of chlorodane (termiticides initial deposit of 500 mg/kg as a barrier) and
DDT/DDE at the site are likely, but the residual levels are expected to be below levels of
concern. There has also been reported use of Roundup™ (active ingredient glyphosate) to
control weeds at the park. It can also be noticed that the neighboring lands are residential with
well-maintained lawns. There could be inputs from pesticide (Roundup™ and 2, 4-D) entering
the local streams, but migration onto the park is unlikely with the exception of the homes directly
abutting onto the park properties.

Because of the historical use of lead based paints on exterior trim and walls, the soil next to older
buildings often have higher levels of lead due to paint flaking off and accumulating in the soil.
The lead used in paints is insoluble. The lead would not be mobile and would pose little or no
concern to wildlife.

Surface Water

The park area has a small beach and wetland that is contiguous with Cold Spring Harbor.
Although sediment samples have been shown to be toxic from samples in Oyster Bay and Cold
Spring Harbor, no onsite samples have been collected and analyzed for inorganic or organic
chemicals.

Gasoline was reported to be released from motor crafts near the shore. Although the amounts are
likely quite small, chronic exposure could result in subtle effects on invertebrates living in the
intertidal area. The shift in the formulation to unleaded gasoline was made in part as a response
to the amount of lead that was accumulating in flora and fauna in the environment and the need
for low lead fuel for catalytic converters to work properly. Unleaded gasoline may contain up to
0.013 g/L lead in the USA (Reese and Kimbrough 1993), and since 1986, leaded gasoline cannot
contain more than 0.025 g/L lead in the USA

In addition to the lead in gasoline, there are also volatile organic compounds (VOCs) that are
released. Gasoline is a highly volatile petroleum product comprised primarily of light
hydrocarbons, alkenes, benzene and alkyl substituted benzenes, toluene, o,p,m-xylenes, and
ethylbenzene (Calabrese and Kostecki 1991). Benzene, toluene, ethylbenzene, and xylene are
commonly referred to as BTEX. Three of the more common oxygenated fuel additives that have
been used with unleaded gasoline are methanol, ethanol, and MTBE. In present formulation up
to 50% of a premium gasoline blend can be aromatic compounds, both mono and polycyclic
aromatic compounds. Although these mono-aromatic compounds are considered sparingly
soluble in water, their solubility are above toxic effect levels. When a spill occurs there are two
main processes occurring at the same time; evaporation and dissolution into the water or soil.
Gasoline also contains a small but significant amount of PAHSs including naphthalene and alkyl
naphthalenes. Naphthalenes are particularly hazardous PAHSs due to their particular combination
of mobility, toxicity, and general environmental hazard. Alkyl naphthalenes pose similar hazards
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and are usually found in the same petroleum products as naphthalenes, often in higher
concentration than the parent compound (naphthalene). The parent compound naphthalene is the
first to degrade. So as petroleum products age, the percentage of alkyl naphthalenes vs.
naphthalene increases. Heavier and more persistent PAHSs are also found in gasoline (Heath
1993). Although PAHs make up a small percentage of gasoline, they are more persistent than
most other constituents of gasoline and tend to have greater carcinogenic and other chronic
impact potential. As the gasoline spreads out over the surface, an oil-sheen is formed that
contains all the components of gasoline. There is also enrichment at the surface due to a lipid
enriched bi-layer at the surface of the water and the air interface. Both BTEX and substituted
naphthalenes can cause these effects. Organisms living at the air/water interface will also be
affected. Gasoline and its BTEX components clearly exhibit short-term toxicity effects to a
variety of aquatic organisms, especially in freshly spilled gasoline.

Gasoline possesses high acute toxicity to biota. Long-term (chronic) potential hazards of some of
the lighter, more volatile and water soluble aromatic compounds in gasoline include
contamination of surface water and entrainment in sediment. Sediment low effect levels on an
mg/kg dry wt. basis for benzene is 0.34, ethylbenzene 1.4, tetrachloroethylene 0.45, toluene 2.5,
and trichloroethylene 1.6 (NJDEP 2006). Chronic effects associated with the lighter aromatic
components of gasoline are mainly due to very high exposures or from chronic small releases
that exposes a population of organisms. For example, in the case of benzene, high concentrations
can result in aplastic anaemia in both lower vertebrates and higher vertebrates, which may result
in abnormal blood disorders. Chronic effects of some of the constituents in gasoline (benzene,
toluene, xylene, naphthalenes, alkyl benzenes, and various alkyl PAHSs) include changes in the
function of the liver or the kidneys. Although PAHS, particularly heavy PAHSs, do not make up a
large percentage of gasoline, they are still detrimental to the environment. Due to their relative
persistence and potential for various chronic effects, specific PAHs (such as B(a)P), can
contribute to long-term (chronic) hazards in exposed organisms.

Gasoline additive MTBE tends to volatilize quickly; like most ethers it also dissolves readily in
water (ATSDR 1995b). Higher concentrations of MTBE in surface waters tend to be in marinas,
where two cycle engines release MTBE along with gasoline and oil. In addition, many of the
outboard motors need motor oil added to the gasoline which contributes even more to the
introduction of higher molecular weight PAHSs into the engine exhaust water. In a marina at
California's Lake Shasta, concentrations as high as 84 ppb MTBE have been found along with
BTEX concentrations of about 30 ppb. The potential for gasoline or its components to reach the
ponds onsite and the beach area from motor craft would indicate that these are COCs.

The walkway leading down to the beach is constructed from chromium, copper, and arsenic
(CCA) treated wood and could be a source metal contaminants in areas under and adjacent to the
walkway.

SAHI uses integrated pest management (IPM) procedures on the whole of the park site. Attempts
are made to limit pesticide and herbicide use on the park property. For example, sanitary
methods are used to avoid mosquito breeding. However, there could be contamination from
chemicals used to prevent mosquito breeding in the neighboring areas of Suffolk County. The
use of water management practices, mosquito eating fish, the use of pre-emergent baits, and
limited aerial spraying reduces the potential impact of these activities by the county on the park’s
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wildlife and flora. The use of malathion in marsh areas for control of mosquitoes carrying
Eastern Equine Encephalitis (EEE) or West Nile would result in non-target species being
impacted. Malathion would be a COC if used on or around park properties. This assumption is in
agreement with a large risk assessment study conducted by Suffolk County.

Groundwater

Currently there is no drinking-water well or irrigation well located at the site. The water supply
to the park is a municipal water supply. As the sole source for freshwater to the park, the
municipal drinking water must meet current drinking water standards (USEPA Drinking Water
Standards). These standards are designed to protect humans and not wildlife. It is known that the
chlorination process produces compounds that are toxic to certain aquatic species (e.g., fish
sensitivity to chloramines) and other invertebrate species if there is direct contact prior to loss of
chlorinated products. It is possible that groundwater could contribute metals and VOCs into the
freshwater ponds from the septic systems onsite (see above).

Offsite Inputs

Surface Water

The Oyster Bay/Cold Spring Harbor region is the receiving water body for watershed areas
including Tiffany Creek and Mill Neck Creek in Northeastern Nassau County. The receiving
water bodies are classified as SA. This classification states that this water body is suitable for
shellfish for market purposes, primary and secondary contact recreation, and fishing. The waters
are suitable for fish propagation and survival. It is important to note that these bodies of water
were listed for TMDL development by New York State 303(d) list in 2002, because of
polychlorinated biphenyls (PCBs) present in fish and pathogenic bacteria in shellfish. One of the
sources of the PCBs is from the closed shipyard, and the bacteria are from septic tanks leaching,
storm-water outfalls, and the Oyster Bay Sewer Treatment facility. The shipyard was closed and
has undergone remediation, and it is no longer considered a PCB source. The residual levels of
PCBs found in the bay sediment are believed to be from sediment sinks, sewage treatment and
runoff from land sources.

A number of pesticides are used for the control of vector borne mosquitoes. The primary
approach is to use larvacides as opposed to adultacides. The larvacides used are bti, bs and
methoprene. Mosquito larval treatments include Vectobac™ (bti), Vectotex™ (bs) and Altosid
(methoprene). The adult mosquito control agents that are used include Scourge™ (resmethrin)
1995-, Anvil™ (Sumithrin - chrysanthemums derivative) 1999 and Fyfanon™ (malathion-
organophosphate) that has been used for over 20 years. The method of application is by truck
and/or airplane application, and occurs from May until September. Because of the application
times for these agents they will overlap with the most active time for summer breeding in
invertebrate, lower vertebrates and some higher vertebrates. Abbene et al. (2005) reported that of
a total of 72 surface water samples collected from 27 sites and analyzed for six commonly used
pesticides for mosquito control (malathion, methoprene, methoprene acid, piperonyl butoxide
[PBO], resmethrin and sumithrin) in Suffolk County, that PBO was the most frequently detected
(33.3%). Table 1 summarizes the results from the Suffolk County study in which grab samples
were collected within 60 minutes after application.



Malathion is a broad-spectrum organophosphate insecticide that is widely used both for crop
protection and control of large adult populations of mosquitoes carrying either West Nile Virus
or EEE. The general application rate is 0.2 to 4.3 kg/ha and this translates into a potential
concentration of 0.1 to 0.6 mg/L in a 30 cm deep pool. The half-life is dependent on pH with
values of eight and six resulting in two and 26 days, respectively. This compound is approved for
use, but would be used only in true public health emergencies (Suffolk County Mosquito
Control, personal communication, March 2006). Aerial application over estuaries and freshwater
ponds should be avoided due to its extreme broad spectrum toxicity.

The Oyster Bay Sewer Facility discharges into Oyster Bay and has an average flow of 3,697
m?*/day, and flow design capacity of 6,804 m*/day. The district encompasses 3.95 km?, and
serves approximately 8,500 people. There are no hospitals that discharge into the facility. The
primary sources of waste are from households with little or no large industrial input. The
discharge would contain personal care products, surfactants, prescription drugs (estrogen), and
other compounds that are considered COCs (IUPAC 2003). The plant was originally constructed
in 1929 and had significant upgrades in 1965 and 1992. The type of treatment is secondary
treatment with a trickle filter. The plant has been recognized for its excellence in wastewater
treatment and management for a secondary treatment facility. The plant produces approximately
28.6 metric tons of sludge per year, which is trucked offsite for disposal. The input from this
plant into the system would be consistent with other sewage treatment plants of its design and
size. However, during heavy rains the system can be overwhelmed releasing large volumes of
untreated sewage that contains high total organic carbon, which would contain low levels of
inorganic and organic compounds. This facility would be considered a point source into Oyster
Bay and it is unlikely to have a direct major impact on the national park beach and salt marsh,
but it contributes to the contaminant loads observed in the sediments in the surrounding waters
(Tables 2, 3 and 4).

There are at least three large marinas that are located on the West Neck area in Cold Spring
Harbor, Centre Island and Oyster Bay. Sediments within these marinas may contain elevated
metals (TBT, lead and copper) and petroleum products. Because of the distance between these
marinas and the park’s lands it is unlikely that they would have an impact. As with the sewage
treatment plant they would contribute to metal and petroleum products entering the nearby
Oyster Bay/Cold Spring Harbor Estuary.

The amount of boat traffic in the area offshore of the park contributes to gasoline and oil sheens
being observed on the beach at the park (S. Gurney, personal communication, January 2006). For
a detailed discussion of chemical components in oil and gasoline refer to the “Onsite Inputs”
discussion above.

Terrestrial Sources

According to the USEPA regulated toxic reporting inventory (TRI) list, only two facilities were
considered potential sources for COCs: Commander Terminal Oil Company and Mill Max
Manufacturing Corporation. All other reporting industries were small businesses such as
laundries, dry cleaning establishments, and restaurants (Figure 4). The principal industry that
could impact the park is the Commander Terminal Oil Company. The Commander Terminal Oil
Company primarily releases mono-aromatic solvents like benzene and toluene, which are very
volatile and hence probably not a problem unless released in very large quantities. In discussions
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with “Friends of the Bay” we found that there have been no spills from this facility for a number
of years. Its location is along the north shore of Cold Spring Harbor near the mouth of the bay. A
large release of gasoline or fuel oils would likely impact the beach and salt marsh area of the
park even though it is on the opposite shoreline.

Mill Max Manufacturing Corporation has minimal air releases and is located quite a distance
from the park. Due to both the distance and the nature of the releases (volatile aromatic
compounds) this facility is unlikely to pose a threat to the park flora and or fauna.

The closest landfill near SAHI is approximately7.5 miles from the park. The Syosset Landfill is a
32 acre site in the town of Oyster Bay and is on the USEPA National Priorities List. Refuse
disposal reportedly began in 1933 and continued until 1975. Until 1967, there were no
restrictions on the type of wastes received at the site. Materials disposed of during that period
included residential, commercial, industrial and demolition wastes, sludge, and incinerator ash.
After 1967, only industrial wastes and sludge were accepted until the site's closure in 1975. This
landfill generates, on an annual basis, an estimated 185.6 million liters of leachate, which prior to
remediation would have been affecting the groundwater in the vicinity of the site. ERM-
Northeast installed seven monitoring wells onsite in 1982 and sampled them for priority
pollutants. They found concentrations of heavy metals and PCBs (0.1-0.2 ppm) in several wells,
and chloroethyl ether (47 ppm) in one well. The Remedial Investigation/Feasibility Study
(RI/ES) for operable unit 1 (source characterization and remediation), was completed with a
Record of Decision (ROD) dated September, 1990. It calls for a municipal landfill final cover
and gas migration control, which are under design. The offsite plume was addressed under
operable unit 2 (OU-2) in a Remedial Investigation. Only iron and sodium in the offsite
groundwater exceed Part 703 Groundwater Standards. The proposed remedy for OU-2 is "no
action" with continued monitoring of offsite groundwater. Final cap construction began in
August 1996 and was completed in November 1997. Flaring of gas from the site minimizes
atmospheric contamination. Because the remediation action is completed and monitoring of the
groundwater revealed only iron and sodium exceeding standards, there appears to be no threat to
the park from this source (Figure 4).
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Figure 4. Hazardous Waste Sites near SAHI.
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Chemicals of Concern in Different Matrixes

In this section the concentrations of chemicals that are reported from measurements of metal and
organic compounds are surface water and sediment samples. There were no direct chemical
measurements on the park grounds. Toxicology related information on each of the metals listed
within Table 3 and organic compounds in Table 4 are provided in Appendix 1. The information
provided in Appendix 1 also identifies background levels, sources, mechanism of action, and
associated toxicity.

Surface Water Analysis

The Water Resources Division and National Park Service carried out an inventory and
monitoring program to establish a baseline water quality. The data for this analysis were from
1964 to 1993, but none of the data were within the park boundary itself. These data are from
surrounding stations: Mill Neck Creek at Mill Neck, NY; Oyster Bay Harbor, Oyster Bay; and
other surrounding areas. Table 2 summarizes the number of observations along with the number
and percentage of values exceeding the standard. In general, the values above the standard values
were infrequent (low percentages). It was reported that dissolved O, pH (14%), chloride (1%)
and copper (11%) exceeded USEPA criteria for protection of freshwater aquatic life. For the
marine aquatic life there were values that were outside acceptable ranges for pH (5%), copper
(100%), silver (100%), and zinc (4-7%). Based on this data set from the water column, it would
appear that for freshwater areas copper was the only COC. For the marine area copper and silver
were COCs.

Nassau County has carried out a series of studies in collaboration with Friends of the Bay, which
has supplied a great deal of data on surface water quality from the surrounding Oyster Bay/Cold
Spring Harbor System. The action levels currently being used by the county are in agreement
with USEPA (1986) or state standards (ammonia > 0.3 ppm, total suspended solids > 20mg/L,
total volatile organics 10-50 ppb). In 2005, MTBE was detected in only one sample (2 ppb). This
is attributed to the banning of MTBE for use in New York in 2004. Enterococci sampling
indicated a wide range of sources for the elevated fecal coliform ranging from humans, dogs,
gulls, swans, muskrat, horse, cormorant, Canadian goose, and fox. The results of 2005 were
consistent with values obtained in 2003 and 2004 with improvement in several areas for the
region. Total VOCs have remained consistent; the mean ammonia levels have decreased as well
as the mean levels of enterococci. The most likely reason for VOCs remaining somewhat
constant is likely due to their release from groundwater sources that are acting as a reservoir for
historical contamination. It is also likely that areas with greater numbers of septic tanks will
continue to release these chemicals because they are present in our everyday household products.

Oyster Bay and Cold Spring Harbor Sediment Toxicity and COCs

A survey of sediment toxicity was carried out in 1991 by NOAA'’s National Status and Trends
Program in the coastal bays that surround Long Island Sound in New York and Connecticut
(Figure 5). Located adjacent to SAHI, Oyster Bay (40° 53.02 N 73° 30.65 W, 40° 53.50 N 73°
30.65 W, 40° 54.50 N 73° 29.60 W) and Cold Spring Harbor (40° 52.47 N 73° 28.25 W, 40°
53.70 N 73°29.30 W, 40° 54.50 N 73° 29.60 W) were the two bays evaluated. The sediment
toxicity tests conducted indicated that a number of the sediments were acutely toxic to benthic
invertebrates (Ampelisia abdeta and Mulinia lateralis or inhibited fluorescence in the microtox
test) (www.ccma.nos.noaa.gov/publications/tm80.pdf).

13


http://www.ccma.nos.noaa.gov/publications/tm80.pdf�

Table 2. EPA Water Quality Criteria Analysis for Entire SAHI Study Area.

Total Exceed Proportion
PEIENIEET Sliel Uy SRR Observation Standard Exceeding
Fresh
Chronic 9.0 178 10 0.06
pH field Other Lo- lim 6.5 244 19 0.08
Marine
Chronic 85 66 3 0.05
Fresh
pH Lab Chronic 9.0 46 2 0.04
. . Drinking
Nitrate Nitrogen, Total as
N Water 10 80 2 0.03
Fresh Acute 860 179 1 0.01
Chloride Total in Water Drinking
Water 250 179 2 0.01
Drinking
Sulfate Total Water 260 167 1 0.01
Copper Dissolved Marine Acute 2.9 14 10 0.71
Fresh Acute 18 9 1 0.11
Copper Total Marine Acut
arine Acute 2.9 26 26 1.00
Silver Total Marine Acute 0.12 13 13 1.00
Zinc Dissolved Marine Acute 95 14 1 0.07
Zinc Total Marine Acute 95 26 1 0.04
Other Hi-
Fecal Coliform, MPN Lim 200 69 4 0.06

*These are only compounds that have exceeded Std values.
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The specific data for the two nearest bays to SAHI for inorganic compounds are shown in Table
3. It must be recognized that many of these metals occur naturally in the earth’s crust and
therefore there would be a naturally occurring background level based solely on the geological
nature of the regional soils and sediments (Mason 1966). The bioavailability of many metals are
determined by their ionic form that is dramatically modified based on pH, alkalinity and
oxidative/reduction state of the matrix in which they are found. For example, aluminum is a
crustal element with an average of 81,330 ppm and the SAHI sediments would be in line with
those values (Mason 1966). The threshold effects level (TEL) indicates the concentration at
which there would be expected no observed adverse effect. The effect range low (ERL) value is
where low toxicity would be expected to be observed in sensitive organisms. The effects range
medium (ERM) is where toxicity would be observed from sediment exposure (Buchman 1999).
Silver, arsenic, cadmium, chromium, copper, nickel, lead, and zinc were above the ERL values.
Based on these results these sediments would be expected to produce low level toxicity. Because
a number of these metals act through similar toxic pathways there could be at least additive
toxicity. This would support the biological findings reported above. There is no way to identify
the source of the observed metals, but this does demonstrate how environmental samples are
contaminated with complex mixtures of organic and inorganic compounds. The metals that did
not have ERM or ERL levels have been listed as their reported background levels. In all cases
where the reported values are below these levels it is assumed not to be from an anthropogenic
source. Therefore, they are listed as background in Table 3.

The same is true for the organic compounds that were present at these locations. There are a
number of detected chemicals where there is no ERL or ERM (Table 4). It must be appreciated
that estuarine bays are the receiving basins for chemicals being transported off the land or from
freshwater streams to a sub-watershed or to an entire watershed. A number of organic
compounds primarily PAHSs frequently exceeded their ERM value (Table 4). In addition, several
pesticides (DDT/DDE, chlordane, and dieldrin) were reported above ERM values. The NOAA
report asserts that the organic compounds were mostly responsible for the observed biological
toxicity. It must be realized that because of improved analytical capabilities, many more
chemicals are being detected, but that does not mean that either individually or in combination
they will result in a deleterious effect. The classes of compounds that are shown in the table
represent the different PCB congeners (CL#), various pesticides and their metabolites, and mono
and polycyclic aromatic compounds generally associated with petroleum products. The PCBs
present in this sample are in the low ng/g range and at these levels pose little or no threat to
wildlife (NAS 2003). The PCB congeners that have dioxin like activities are PCB 77,
105,118,126,170, 180, and they were either not detected or at very low concentrations. The other
congeners are also at very low concentrations. The PCB concentrations would not pose acute,
chronic, or bioaccumulation at these levels. The PCBs, although present, would not appear to
pose a hazard or be considered a class of chemicals that would pose a risk to wildlife at the park
or the surrounding waters.

In the case of DDT and its metabolites, a number were detected in the sediments, which is not
unexpected due to the long half-life of these compounds (Smith 1987). This would also be
consistent for the area and the historical use of these pesticides. Chlorodane (ERL HQ>1),
dieldrin (ERL HQ>1) and PPDDE (ERL HQ>1) were detected (National Pesticide use Database,
www.ncfap.org/data-base/default.htm).
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Figure 5. Sampling Locations in Oyster Bay (#11) and Cold Spring Harbor (#7).

There were a number of polyaromatic compounds associated with fossil fuels and the burning of
fossil fuels that were present. However, none were above the ERL values (HQ < 1). The
presence of these could be from atmospheric sources, automobile/motorboat activities, or from
terrestrial sources. Several of the hydrocarbons were above the TEL, but were below the ERL.
Based on these sediment values it would be concluded that the report levels are at the threshold
values for observing toxicity.

Examination of blue mussel (Mytilus edulis) tissue samples (NOAA Mussel Watch) from
Huntington Harbor (the next bay over to the east on the Long Island Sound) that have been
collected since 1986 show that the metals have either remained relatively constant (As, Cd, Cu,
and Zn) since the early 1990s or increased (Cr, Hg and Ni). Both silver and mercury show
elevated levels in the mussel tissues in the late 1990s and 2000s. Dieldrin, chlordane, and
DDT/DDE have decreased in tissue concentrations. PCBs have decreased by a little over a third
(from 400 to 250 ng/g). The petroleum derived hydrocarbons have remained relatively constant.
If the assumption is made that bivalves in the Oyster Bay/ Cold Spring Harbor complex have
similar patterns, then the major COCs would be metals and petroleum hydrocarbons. The PCBs
were low in the NOAA sediment samples from the Oyster Bay/ Cold Spring Harbor complex.

Groundwater

Volatile organics and elevated nitrates are common groundwater contaminants on Long Island
(Eric Vowinkel, USGS, personal communication, February 2006). Groundwater in the area
continues to have VOCs in the <10 ppb range and is attributable to groundwater contamination
entering the surface waters.
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Table 3. NOAA Sediment Data for Metals in Sites near SAHI.

Cold Sprin ERM AR (EL) Crustal REANCEIE

Contaminant Harbpor 9 Oyster Bay ug/g dry ug/g dry Occurrence THQ
weight weight (MHQ)
Al (ug/g) 81,300
Alumnor | 53300 - 68600 | 38800 - 60700 (6.19%) BG
Ag (ug/g) ) _ 1.0* 0.98-1.5
Silver 0.98-1.38 0.65—1.51 37 073) 0.07 0820
As (ug/g) j j 8.2 0.60-1.2
Arsene 8.5—10.2 49-90 70 (798 18 0681.4)
Cd (ng/g) : : 1.2
Cadmi 1.16 — 1.42 043-1.3 96 (0.676) 0.2 0.36-1.2
Cr (ug/9) i _ 81
Chromir 96-99 62— 106 370 (523) 100 0.76-1.3
Cu (nglg) ~ i 34 16-33
Copper 96.2- 1122 55.2— 109.8 270 (167) 55 (2959)
Fe (ug/o) 33400-37700 | 19900- 34000 38,000 BG
Iron (5%)
Hg (no/g) : ) 0.15 1.2-2.6
Mercary 0.304-0.397 | 0.177-0.328 0.71 013) 0.08 (La3)
Mn (ng/g) _ ] 600-6000
Manganese 517 — 807 668-1371 2.1%) BG
m:ckéfgl 9 | 332-334 175-35.7 51.6 ég'g) (0.0075%) (ﬁ:g;)
Pb (hg/g) ] ] 487 0.03-1.9
L ead 1.6-81.9 47.2-90.2 218 (30.24) 13 (0.05.30)
ib (ug/g) 0.49- 0.59 0.33-0.68 25 2.0 0.2 BG
ntimony

Se (ug/g) 0.29- 0.87 0.29-0.58 0.05-0.07 BG
Selenium
Si % dry Wt. | 5 13000-248000 | 239000-245000 330,000 BG
Silacon
f’.?n(“glg) 9.2-11 5.45-9.81 10.0 BG
Zn (ug/9) ) ) 150 0.96-1.6
. 226-239 144.3 -245 410 (124.0) 50 (12,20

Values in bold indicate the sample was above the ERL. The ERM, ERL and TEL values

are derived from two sources Long et al. (1994) or Morgan and Long (1990). The Crustal

values are from Jorgensen et al. 1991 and values at or below crustal occurrence are
background (BG).
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Table 4. NOAA Sediment Data for Organic Chemicals.

Cold

ERM!

ERL!

LEL?

1
Gontaminant spring | Y | nggdry | ngigdry | T5C | N3 (T'a%)B
Harbor y weight | weight ug/g’
0— 2274 -
CL2(08) (ng/g) 7.045 8.167
- = 0-2.3
HCB (ng/g) 15.45 50.132 0
_ = 0-03
Lindane (ng/g) 0.969 0 0321 3 | (0-30)
0 _
CL3(18) (ng/g) 0.247 0
0— 0.159-
CL3(28) (ng/g) 1.112 0.733
Heptachlor(ng/g) 0.0652 0,0452 ° o
0— 0.015-
CL4(52) (ng/g) 1629 | 0.664
Aldrin (ng/g) 0 0 2 N
CL4(44) (nglg) oogs | 003
Heptachlorepoxide (ng/g) 0 0 05 > A
0.451— | 1.05-
CL4(66) (ng/g) 1.945 1.595
0— 0.371-
O,P DDE (ng/g) 0488 | 0.889 ° i
3.817— | 2.191-
CL5(101) (ng/g) 5491 | 3.564
0.887 - | 0.906- 1.8-3.2
A Chlordane (ng/g) 1616 | 1373 ° S (0.3-0.6)
Transnonachlor(ng/g) 0i9;318_ 06535 )
33.3-93.4
Dieldrin (ng/g) et | e 8 I R 261
, . 2.61)
3.737- | 2.539- 1.2-2.2
PPDDE(ng/g) 4769 | 4.22 2 g (1.2-2.3)
0 _
CLA4(77) (ng/g) 2.607 0
0- 0-
OPDDD(ng/g) 0.227 0.042
Endrin(ng/g) 0 0 & "D
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Table 4. NOAA Sediment Data for Organic Chemicals (continued).

Cold ERM! ERL! LEL?

1
Contaminant Spring Oé/;ter ng/gdry | ng/gdry TEL NJ (Tl_lj'%)s
Harbor y weight weight ugl/g®
1.208 - 1.627-
CL5(118) (ng/g) 2865 | 2.854
217 - 2.005- 1.0-1.5
PPDDD(ng/g) 2.908 | 3.033 20 2 L2 % | @e2s)
OPDDT(ng/g) 0 0 ND
2271- | 4.959-
CL6(153) (ng/g) 7.326 | 7.831
0- 0.258-
CL5(105) (ng/g) 0.603 | 0.604
0.996 - 0- 0-1.8
PPDDT(ng/g) 1811 | 1.195 ! S (0-1.5)
0.852 - 0-
CL6(138) (ng/g) 3.937 | 2.996
CL5(126) (ng/q) 0 0 ND
0- 0.683 -
CL7(187) (ng/g) 1.355 1.18
0- 2.11-
CL6(128) (ng/g) 3.923 | 4.504
0- 0.96-
CL7(180) (ng/g) 1514 | 1.128
Mirex (ng/g) 0 0 7 ND
0- 0.338-
CL7 (170) (ng/9) 6.494 | 0.849
0-
CL8(195) (ng/9) 0.016 0
CL9(206) (ng/g) 0 0 ND
CL10(209) 0 0 ND
43.5 - 43.31- 0.3-0.33
Naphthalene(ng/g) 50.79 55 46 2100 160 3457 | 160 (1.3-1.5)
3443 - | 33.84- 0.5-0.6
2Methyl Naphthalene (ng/g) 40 48 44 57 670 70 20.21 70 (1.7-2.2)
1Methyl Naphthalene (ng/g) 15.9 - 19.3- 670* 70% 20.21 0.2-0.3
(same as 2-methyl) 18.42 20.39 * (0.8-1.0)
. 11.62- | 10.83-
Biphenyl (ng/g) 1253 | 14.36
2,6 Dimethyl Naphthalene 23.33- | 25.14-
(ng/g) 28.55 37.36
50.18 - | 23.52- 0.5-1.3
Ace Naphthylene(ng/g) 56.02 | 5428 | 640 4| 58T 44| (3583
0.5-1.6
8.73 - 8.91-
Ace naphalene(ng/g) 129 2571 500 16 6.71 (1.3-3.8)
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Table 4. NOAA Sediment Data for Organic Chemicals (continued).

T T
Contaminant Sg?:gg Oé;t;r ngllz '\(;Iry nglglary TEL' LE\I]_ ‘ (Tll_—||%)3
: Harbor weight weight ug/g2

(Zr,]?é,/g)trlmethyl naphthalene 4%5.9213— 5 44- 6.9

Fluorene(ng/g) 125\,',)6'3111_ 1;413 540 19 21.17 19 (8312)
Phenanthrene (ng/g) s B8 | 1500 240 | 86.68 (22%&)
Anthracene(ng/g) S| P02 1100 | 853 [ 4685 85 (823:2:2)
1Methylphenanthrene(ng/g) 2229%30_ 23%?5

Fluoranthene(ng/g) Ziglgg ) :1312%% 5100 600 115 81 600 (ggg;)
o i T2 | e | [ e | 0308
Benz[a]anthrancene(ng/g) 1129853116 133453 1600 261 74.83 | 261 (2?(2)%
Chrysene (ng/g) 132'1"15‘ 2225%6241 2800 384 1077 Tl 384 (gzg:g:;)
Benzo[b]fluoranthene(ng/g) 1295322155 12?1077056 240
Benzo[K]fluoranthene(ng/g) 11%%%75 11%518821 240 (%(ii)%
Benzo[e]pyrene (ng/g) 1‘;%%_ 1126%%59

Benzo[a]pyrene (ng/g) Do | A2 1600 430 |8881| 430 (gzg:g:i)
Perylene (ng/g) 426?;'9_ 4577%72

Indeno[1,2,3-c,d]pyrene (ng/g) 11593%% %3234 200 | 0709
Dibenz[a,h]anthracene(ng/g) 2216%71 22294155 260 63.4 63 0.3-0.5
Benzo[g,h,iJperylene(ng/g) 11%%5425 11%?;221 170 08-1.1

!Long et al (1994) or Morgan and Long (1990). Treshold Effects Level (TEL), Effects Range Low

(ERL), Effects Range Medium (ERM).

ZLowest Effect Level for observing any effect NJDEP sediment values.
$ND = compound not detected. Values in parenthesis are denominator threshold values, (THQ).
HQ = denominator ERL/ERM or LEL NJ value.
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Monitoring Recommendations Based on Risk Evaluations

Because of the lack of data within the park boundaries, a minimum preliminary sampling needs
to be conducted. This sampling will strengthen any actions that need to be implemented. It will
also allow for a baseline to be established from data collected specifically addressing COCs
within the park. Table 4 summarizes the recommended samples and their collection locations. In
addition, there are a series of management recommendations concerning the actions that can be
implemented at the park.

The sediments from both Heron and Woodpile pond should be analyzed for the full suite of
metals and organic compounds. This should be done in the first sample and then if specific
compounds appear to be above threshold level values then they should be selected as the COCs.
This sample can be collected as a composite using a ponar grab sampler or an appropriate
alternative (USEPA ERT SOP #2016). A composite sample is comprised of five sub-samples
mixed to make up a single composite sample.

The sediment sample under the walkway should be analyzed for the presence of copper,
chromium, and arsenic. This sample can be collected as a composite using a ponar grab sampler
or an appropriate alternative (Sediment Sampling USEPA ERT SOP #2016). This would be a
one-time sample.

The sediments to be collected in the marsh and along the beach should be collected below the
high-water mark and should be collected from the north, middle and southern ends of the marsh
and beach. Finer sediment depositional areas should be selected for sampling if possible.

The biota to be collected at the marsh area should be taken from the same areas as the sediment
samples collected above. This sampling can be carried out once to assess the accumulation of the
compounds into these different biota. This assessment will allow for determination of food
exposure routes to other wildlife (Sample et al. 1996).

The soil sample to be collected at the septic field drainage area should be collected annually.
This sample will examine the suite of contaminants in the first sampling and then the sample site
can be targeted in future years. The method for collection could be a core sample or an
appropriate method (Soil Sampling USEPA ERT SOP #2012)

The one time soil sampling is being carried out to look for specific contaminants associated
either with current or historic chemical usage. The orchard area should be sampled for arsenic
and other pesticides that may be present in the soil. The maintenance area should be sampled for
PAHs and for VOCs that would be used for cleaning and repair of equipment. The samples near
the foundations of wooden buildings that were painted prior to 1978—when lead was banned
from use in paints—should be sampled. A onetime sample should be collected in the drainage
area of the parking area. This would be on the downward slope furthest away from the visitor
center.
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The one-time sampling of the biota on the grounds of the park include grass and earthworm
samples from these same areas. These samples should be collected near the areas where samples
are collected for the soil composites described above. This information will allow for
extrapolation to the American robin (Turdus migratorius) as a pathway to terrestrial birds. The
grass sample will also allow for extrapolation to wildlife that consumes plant material in their
diets (Sample et al. 1996).

Management Recommendations

1.

2.

3.

Routinely monitor the water in the ponds for pH, phosphorus, nitrogen, and other
components.

Design catchments to prevent surface water runoff from parking surfaces to reduce inputs
into ponds and marsh areas on the down slope.

Continue remediation of the buildings to remove remaining lead.

Implement an IPM program if it does not already exist both for buildings and grounds.
Do not use Roundup™ or 2,4-D as herbicides due to toxicity to tadpoles and other
aquatic life.

Try and prevent the use of pesticides for control of mosquito larvae on park premises. If
malathion is applied to control adult mosquitoes due, insist that it not be applied in
sensitive areas, due to human health risks.

The implementation of conservation and moving to a “green purchasing” approach to
chemical use will continue to reduce chemical impacts on wildlife in the park. To further
reduce the use of traditional VOC cleaners and petroleum-based solvents, the park
purchasing officer should pursue alternatives.

Conduct a chemical audit every three to five years to see how much and what types of
compounds are being used onsite.
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Table 5. Recommendations for Sampling to Examine COCs in Different Matrix in SAHI.

Number of Location
Matrix Analyte (1) Samples/Type Frequency/Method Onsite
(Method#)
Heavy Metals (7000, 7010, 6010B, 6020A) 3 Composite 1-3/ Ponar Grab Heron Pond
Imw PAHSs (8100, 8275A)
Sediment LHMwW PAHSs (8100, 8275A)
VOCs (8240)
Pesticides (8270D)
Heavy Metals (7000, 7010, 6010B, 6020A) 3 Composite 1-3/ Ponar Grab Woodpile Pond
Imw PAHSs (8100, 8275A)
Sediment LMW PAHS (8100, 8275A)
VOCs (8240)
Pesticides (8270D)
Sediment Copper, Chromium, Under
Arsenic (6010B, 6020A) 3 Composite 1/ ponar or surface sample Walkway
Heavy Metals (7000, 7010, 6010B, 6020A) 3 Composite 1-3/Ponar Grab Marsh Area
Imw PAHSs (8100, 8275A)
Sediment LHMwW PAHSs (8100, 8275A)
(8240)
Pesticides (8270D)
Heavy Metals (7000, 7010, 6010B, 6020A) 3 Composite 1-3/Ponar Beach Area
Imw PAHSs (8100, 8275A)
Sediment | Hmw PAHs (8100, 8275A)
Pesticides (8270D)
Annually/Core Sampler
Soil Metals (7000, 7010, 6010B, 6020A) 3 Composite (Top 5¢cm) Septic Field
ol Organics Compounds (8260B, 8021B,) Visitor Center
VOCs (8270D)
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Table 5. Recommendations for Sampling to Examine COCs in Different Matrix in SAHI (continued).

Matrix Analyte (1) Number of Samples/Type | Frequency/Method | Location Onsite
(Method#)
Arsenic (7060,7062
Soil Once / Core Sampler
Pesticides (8270D) 3 Composite (Top 5¢cm) Orchard Area
Once / Core Sampler
Soil Total PAHs (8015B) 3 Composite (Top 5¢cm) Maintenance area
VOCs (8270D)
Soil Once Core Sampler Adjacent to Wood
of Lead (7040,7421) 3 Composite (Top 5¢cm) building foundation
Once Core Sampler Main Parking Area on
Soil Total PAHs (8015B) 3 Composite (Top 5¢cm) downward slope
Lead (7040,7421)
Biota Metals (7000, 7010) 3 | Composites Earthworms Once Septic Field
Organic Compounds (8260, 8270) grass Open Field
Orchard Area
Metals (7000,7010) 1 Composite Once Marsh Area
. Organic Compounds (8260,8270) of each Class
Biota Bivalve Mollusk
1 (M.edulis)
1 | Crustacea (Fiddler Crab)
1 Teleost (Mummichog)
1 Annelid (Sandworm)

(1) All method numbers refer to EPA SW-846

(2) 1-3 Means sample in the first year then at 3 yr intervals




Conclusion

This report deals with the COCs for SAHI and its surrounding waters and makes specific
recommendations for sampling locations and specific compounds. Telephone and survey
interviews, along with site visits, were conducted with NPS staff, and, where appropriate, with
county and regional USGS officials. Contaminant data have been reviewed by state, county,
USEPA, NPS, and National Oceanographic and Atmospheric Administration (NOAA) to prepare
the data synthesis for this park.

After a thorough assessment of exposure pathways, we determined that the onsite threats at the
park include: contamination from septic tanks (metals and VOCs); contamination from parking
lot runoff (petroleum derived hydrocarbons and fuel additives); herbicide and pesticide use; and
chromium copper and arsenic (CCA) treated walkways to the beach. The primary offsite threats
to the park come from motorboat activities near shore (petroleum products), metal contamination
from multiple sources into the general watershed sediments, pesticide use for mosquito control
(West Nile or EEE threat), and the potential threat of a larger petroleum spill from the
Commander Terminal Oil facility.

Based on the NOAA Status and Trends sediment data from the Oyster Bay/Cold Spring Harbor
complex, silver, arsenic, cadmium, chromium, copper, mercury, nickel, and zinc had HQ and
threshold toxicity hazard quotients (THQ) values above one. Dieldrin, chlordane, DDT/DDE,
and lindane present in sediments had HQ>1. Petroleum derived hydrocarbons were detected in
sediments at levels above threshold levels for toxicity (HQ>1). Surface water collected by
USEPA showed that silver and copper were at levels above water quality criteria for aquatic
species.

Groundwater on Long Island contains VOCs from current and historical use of cleaning solvents
and other industrial activities (USGS).The groundwater also poses as a chronic exposure
scenario to wildlife through surface water.
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Appendix 1: Hazard Quotient Approaches and Sampling
Protocols for Screening Level Evaluations for Chemicals of
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1.0 Introduction

Appendix 1 gives a brief overview of ecological risk assessment approaches and standard sample
collection methods that can be employed at the National Parks for various matrixes and
compounds. It is not our intention to recreate the wheel, but to incorporate methods that are
generally accepted by the scientific community. Many of the sampling protocols cited are from a
number of different agencies (USEPA Emergency Response Team website, NOAA Status and
Trends, and the New Jersey Department of Environmental Protection). The methods described in
these documents are standard methods and would be appropriate for use by the National Park
Service. The standard operating procedures (SOPs) are slightly different for each agency, but the
basic approaches and quality assurance and quality controls (QA/QC) are comparable. Appendix
1 is not exhaustive, but attempts to bring together in a single location, SOPs that can be used by
park personnel involved in chemical of concern (COC) evaluations. In some instances, the
recommendation of one protocol over another is based on our own experience or bias, and is
only a recommendation. The detailed protocols are presented in Appendix 2.

The National Park Service (NPS) has a website wherein a number of commonly occurring
compounds are discussed, from a broad basis incorporating human and rodent information, and
where available, wildlife and plant toxicity data (Environmental Contaminants Encyclopedia, Ed.
Roy Irwin (www.nature.nps.gov/hazardssafety/toxic/). The general mechanism of toxicity is also
presented and can be applied to a wide variety of wildlife. In many instances the mechanism of
action of a COC will result in similar effects across a wide variety of flora and fauna due to
similar biochemical pathways. The ECOTOX database (http://cfpub.epa.gov/ecotox/) released in
2000 by the USEPA and managed by the USEPA Duluth Laboratory has extensive ecological
data both for terrestrial and aquatic species, as well as greater detail than what is described in this
appendix. For chemical, physical, and fate data on specific compound the CHEMFATE database
(http://www.syrres.com/eSc/chemfate.htm), maintained by Syracuse Research Corporation, is
also a reference source. Another valuable resource for using screening benchmarks is available
from Oak Ridge National Laboratory, which describes ecological risk analysis including
guidance, tools, and applications (www.esd.ornl.gov/programs/ ecorisk/ecorisk.html). The
Agency for Toxic Substances and Disease Registry provides individual chemical Toxicological
Profiles (www.atsdr.cdc.gov/). The USEPA ECOTOX Database provides toxicology data on
individual compounds for aquatic and terrestrial life
(www.epa.gov/med/Prods_Pubs/ecotox.htm).
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2.0 Routes of Entry of Pollutants into Ecosystems

This is a simple overview of the fate and transport of COCs (Suter 1993). It is important for any
ecological based assessments to realize that COCs can enter an ecosystem by many routes
(transport through air, water, or soil/sediments) from point and non-point sources. The fate of the
COC can be impacted by a number of physical parameters of the receiving area. Any park,
whether small or large, is part of a larger watershed and airshed, with many different inputs.
Therefore, it is essential that the park lands properties be examined in relationship to their
surrounding environs. Establishing a baseline level of chemicals present on the park lands and
waters is important to be able to determine increases or decreases in a particular chemical.
Because a number of chemicals occur naturally, it is important to understand the naturally
occurring levels. The plants and animals that are present at the parks and surrounding areas are
important in assessing the potential impact of specific COCs on the organisms. Because of the
diversity of the plant and animals (ecological receptors), it is impossible to assess each species
independently. It is vital, therefore, to identify representative or surrogate species that can be
used to assess potential impacts on larger groups of organisms. This is one of the underlying
principles for historical and continued collection of Mussel Watch Data (oysters, mussels, and
clams). The use of a surrogate species may not always be the most sensitive organisms, but they
do allow for evaluation of a single species over multiple years as an indicator of improvement,
constantcy, or deterioration of the organisms’ exposure and possible health. If such a species is
identified, it should be used as an indicator species for that park. For example, there are specific
plant species that are very sensitive to ozone, while other plants show no toxicity at much higher
atmospheric concentrations. In that particular case, the most sensitive species would become the
plant species that sets the lowest observable adverse effects level (LOAEL) in the atmosphere. If
this sensitive species approach is taken then it will protect other more resistant species in the
park. The natural resource surveys and inventories at the park can give information on
population level changes and the trends can be compared with chemical level exposures.

In the above paragraph, COCs were discussed, but it also must be realized that individual species
can be impacted by non-chemical stressors that can have deleterious effects. Physical parameters
such as pH, alkalinity, salinity, dissolved oxygen, water transparency, and temperature can result
in the loss of species and be important stressors affecting an organisms response. It should be
recognized that physical parameters often limit distributions of organisms. Therefore, plants and
animals living in an ecosystem can be impacted both by physical parameters, as well as COCs.
Because of this fact, the USEPA’s (1992) Framework for Ecological Risk Assessment includes
“stressor response” which would include physical parameters as do later EPA documents
(USEPA 1993, 1997a, 1998). A classic example is the effect of pH in freshwater systems and the
loss of species dependent on pH tolerances. These physical parameters are easily measured and
should be incorporated into any monitoring plan since they have profound effects on
bioavailability and uptake (Rand and Petrocelli 1985; Schwarzenbach et al. 2003).

The selection of the animals and plants to be used in the risk assessment will be in some cases
site specific because of the unique species present at the park or the surrounding area. Generally,
there will be both terrestrial and aquatic species and associated toxicity data used for determining
which if any COCs pose a hazard. The selected species may also be used as indicator species that
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can be collected and analyzed for COCs. The sampling may be done to determine if COCs are
reaching elevated levels. This will also allow for COC trends to be developed. Samples of water,
soil, sediment and air may be conducted in concert or as independent samples to establish
reference or baseline levels. In many parks, there is no plan in place. High volume air samples
and semi-permeable membrane water and soil samples could be added if grab samples would not
be able to detect COCs (Huckins et. al. 1990; Petty et. al. 2000; Sun et al. 2008).

2.1 Fate and Transport

Pollutants can enter an ecosystem through both human activities, and naturally occurring
processes (weathering of rocks, volcanic activity, and others). While knowledge of sources will
give you important information on the type of contaminants your environment might be exposed
to, the concentration or dose of a compound will dictate the response observed in the wild. As all
toxicologists know “the dose makes the poison,” and once this level has been exceeded, toxicity
may be observed. In all of the different matrices (surface and groundwater, sediments, and
terrestrial soil), there are both point and non-point sources of contamination. Ecosystems are
impacted from contamination contributed from atmospheric, terrestrial and aquatic sources.
Below is a brief description of sources of contaminants entering into the different media, also
shown in Figure 1.

The conceptual diagram shown in Figure 2 illustrates the requirement that the chemical can be
bound or in a free state during exposure. Generally, if the compound is sequestered in a particle
it is not available to be taken up by an organism since the compound must be free to be able to be
transported across a biological membrane. A number of factors, such as charge and size, can
determine whether a compound will be taken up by an organism. Once inside the cell, the
compound can be metabolized, stored or excreted. If the compound reaches a target tissue where
it causes toxicity at sufficient concentration then sublethal or lethal effects may be observed
(Klassen and Rozman 1991). The physical chemical environments in which they exist can
dramatically alter the chemical species that is available for accumulation (Spacie and Hamelink
1985). These general principles apply to organic compounds as well as metallic compounds.

Atmospheric contamination can enter the terrestrial soil and surface waters through precipitation
(wet deposition) or from suspended particulates (dry deposition). There can be a contribution
from both the terrestrial soil compartment and the surface water compartment into the
atmosphere via particle suspension and volatilization processes. The contamination of the
terrestrial soil from atmospheric deposition or from crustal compounds (background) can flow
into the surface waters and end up in suspension or depositing on the bottom as sediment.
Groundwater can become contaminated from compounds leaching into the groundwater. Surface
waters can also contaminate groundwater when they are in direct contact (e.g., saltwater
intrusion) or as the groundwater is being recharged. Groundwater contamination can reach
surface waters in the basal flow of rivers and through seeps. The ability of a compound to move
between these different compartments is determined by the physical chemical properties of the
individual compound. Biotic factors can result in modifying the amount of a COC that could be
releases from any of these compartments. Regional point sources of contamination can result in
contamination spreading into several of these compartments.
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Figure 1. Pathways for Contaminant Movement (Arrows) Between the Different Matrixes
Comprising the Ecosystem. Biotic factors can modify fate and transport of contaminants
within an ecosystem by increasing or decreasing bioavailability.
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The movement of contaminants through the different matrices and ultimately into plants and
animals (environmental fate) is determined by the physical characteristics of the compound and
the environmental compartment it is entering (Figure 2). Bioavailability is an important concept
that determines what levels of specific compounds will be present in the biota inhabiting
contaminated and non-contaminated environments. Bioavailability is determined by many
factors that determine how much of the compound or metal is in a free state that can be taken up
by an organism or plant. Physical-chemical properties of the matrix into which a compound is
associated and the properties of the surrounding medium will affect the level of compound that is
free to be taken up by the organism. Factors such as pH, total organic carbon, and acid volatile
sulfides can dramatically affect the uptake of a compound. A full discussion of release from a
specific matrix and the uptake mechanisms based on characteristics of a metal or organic
compound are too complicated for this appendix (Casarett and Doull 1991, 1996, 2008;
Jorgensen et al. 1991; Schwarzenbach et al. 2003).

A critical physical characteristic of a compound is polarity, which will determine the
compound’s affinity for polar (water) and non-polar (lipids and non-polar materials) matrixes. In
the case of water, oxygen draws electrons away from the two hydrogen atoms, which creates a
partial negative charge on the oxygen and a partial positive charge on the hydrogen atoms.
Because of the polar nature of water, cations and anions (i.e., positively and negatively charged
compounds) are attracted to water and are soluble. These include inorganic salts (alkali earth
metals) and polar organic compounds containing polar groups (e.g., alcohols, acids, and amines).
Compounds that are not polar generally will partition into non-polar compartments that contain
lipids (such as living organisms) and organic carbon (organic enriched particles). An important
property of chemicals, which is used in estimating the potential to accumulate into living
organisms is the octanol/water partitioning coefficient (Kow). As the name implies, it is the
concentration of a compound in octanol divided by the concentration of the compound in the
water phase at equilibrium. This is a measure of the hydrophobicity of the compound. This value
can be used to estimate the bioconcentration of compounds into organisms. In a similar fashion,
compounds will partition between the different compartments described in Figure 1 based on
physical chemical properties of the compound (e.g., Henry’s constant relating distribution of
volatile compounds between air and water and soil).

The residence time of the parent compound and its metabolites are determined by the
compound’s molecular stability. There are many methods by which a compound can be broken
down in the environment (e.g., hydrolysis, auto-oxidation, photolysis, and enzymatic
biotransformation). The rate of breakdown of a compound will determine the half-life in any
particular medium. Persistent organic pollutants are generally recalcitrant to physical, chemical,
and biochemical transformation (e.g., DDT/DDE, PCBs, and dioxins). However, in some
instances metabolism (e.g., Benzo(a)pyrene, dieldrin) and photolysis (e.g., petroleum
hydrocarbons) can result in activation of a compound to reactive chemical species that can result
in cellular transformation leading to cancer, developmental effect, or acute toxicity.

Metals are non-biodegradable and do not breakdown in a similar fashion to organic compounds
in the environment. Metals can exist as multiple converting species that are determined by the
environmental chemistry of the medium they are located in. In the case of metal contaminants,
they also are persistent and their ionization state will affect their residence time and transport
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within the environment (USEPA 2007). USEPA’s Framework for Metal Risk Assessment
(http://www.epa.gov/osa/metalsframework) is a document that discusses in great detail each of
these issues, and should be referred to when dealing with metal risk assessments (USEPA 2007).
In the case of mercury, the metabolism to methyl mercury results in at least one bioavailable and
toxic form of the metal. Metals that are deposited onto the soil or into sediment can have very
long residence times and may become mineralized. It is important to note that geological deposit
and the earth’s crust are comprised of a number of metals that contribute to the general
background concentrations for a specific region even without anthropogenic contributions.
Background levels of metals in Northeast soils and in the earth’s crust are summarized in Table
1. Background metal concentrations can vary over several orders of magnitude based on the soil
type, geography and other factors. Additional sources of regional and state soil metal levels can
be obtained from USEPA ecological soil screening levels document (USEPA 2003). The site-
specific assessments proposed for the parks will involve only a single geographic area of concern
and the regional values can be used for comparison to values obtained within the park. There are
also “ambient concentrations” provided on a state-by-state basis (Sanders 2003).

2.1.1 Atmospheric

The airshed that overlies a watershed can contribute large quantities of contaminants that are
associated with particle deposition, gases or dissolved in rain or snow. The sources of
contamination can be from both local, as well as long distance transport. Incineration of waste
and production of energy using coal and other sources can contribute to atmospheric
contamination. Other sources include internal combustion engines, pesticide use on production
agriculture, and volatile organic compounds that are used in refrigerants, solvents, and industrial
processes. The magnitude of toxic chemical releases that may occur on a yearly basis into the
atmosphere is often not appreciated, nor the resident time that these contaminants have in the
atmosphere (Loganathan and Kannan 1994; Kannan et al. 2007). From anthropogenic sources it
is estimated that 5.4 billion metric tons of CO, 89.3 million metric tons of SOy, 60.7 million
metric tons of NOy, and 0.98 million metric tons of chlorofluorocarbons (CFCs). Regional and
local sources often contribute to higher local concentrations and corresponding higher
concentrations entering surface water, soils, and biota.

2.1.2 Soil

Contamination of soil can occur through deliberate contamination from dumping of industrial
and municipal wastes (metals, organic compound radioactive material), direct application of
pesticides or herbicides, application of sewage sludge (heavy metals, nitrates, phosphates,
detergents), and other soil amendments, and atmospheric deposition of long and short range
contaminants (metals, sulfur dioxide, nitrogen oxides, dioxins and furans and other organic
compounds). The soil characteristics (organic content, buffering capacity) can affect the fate of
the contaminants deposited on the soil and their impact on flora and fauna. Erosion of soils is one
of the major means by which contaminated soils can reach surface waters and also contribute to
sediment contamination. Because watersheds represent large drainage basins, upstream soil
contamination can impact downstream water and sediment quality as it is deposited at the mouth
of the rivers and bays or simply deposited in a slow moving portion of a stream. In many
instances, acceptable levels of soil contamination are based on human and terrestrial wildlife
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Table 1. Levels Reported in the Earth’s Crust (parts per million).*

Atomic Crustal Atomic Crustal

Number = o Average Number 23T Average
1 H 1,400 45 Rh 0.005
3 Li 20 46 Pd 0.01
4 Be 2.8 47 Ag 0.07
5 B 10 48 Cd? 0.2
6 C 200 49 In 0.1
7 N 20 50 Sn 2
8 O 466,000 51 Sh 0.2
9 F 625 52 Te 0.01
11 Na 28,300 53 | 0.5
12 Mg 20,900 55 Cs 3
13 Al 81,300 56 Ba 425
14 Si 277,200 57 La 30
15 P 1,050 58 Ce 60
16 S 260 59 Pr 8.2
17 ClI 130 60 Nd 28
19 K 25,900 62 Sm 6.0
20 Ca 36,300 63 Eu 1.2
21 Sc 22 64 Gd 5.4
22 Ti 4,400 65 Th 0.9
23V 135 66 Dy 3.0
24 Cr 100 67 Ho 1.2
25 Mn 950 68 Er 2.8
26 Fe 50,000 69 Tm 0.5
27 Co 25 70 Yb 3.4
28 Ni? 75 71 Lu 0.5
29 Cu’ 55 72 Hf 3
30 zn® 70 73 Ta 2
31 Ga 15 74 W 15
32 Ge 15 75 Re 0.001
33 As 1.8 76 Os 0.005
34 Se 0.05 77 I 0.001
35 Br 25 78 Pr 0.01
37 Rb 90 79 Au 0.004
38 Sr 375 80 Hg 0.08
39 Y 33 82 Pb? 13
40 Zr 165 83 Bi 0.2
41 Nb 20 90 Th 7.2
42 Mo 7 922 U 1.8
44 Ru 0.01

'Values taken from Mason B. Principals of Geochemistry, Third Edition.

*Values are ppm mg/kg and the source is from NE-1001 Application of sewage biosolids to
agricultural soils in the Northeast: long-term impacts and benefit uses.
http://www.lgu.umd.edu/lgu_v2/homepages/pub.cfm?trackID=31

Ranges determined from ME (n=27),NJ (n=114),NY (n=74) and PA (n=40): Ni 8.4-41.2, Cu 11-
64.8,Zn 29.2-83.8, Cd 0.09-0.173 and Pb 12.6-19.6.
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risk assessments, and exposure is assessed differently for terrestrial pathways. However, those
same concentrations in soils, when deposited into aquatic systems can cause a different response
to aquatic organisms. In some instances, studies indicate aquatic organisms are more sensitive to
certain compounds in sediments, when the same level in soils would not elicit a response in
terrestrial organisms.

For metals, it must be recognized that they naturally occur in the earth’s crust and represent non-
anthropogenic background levels. Listed in Table 1 are typical background soil metal
concentrations reported for the earth’s crust and in the footnote values for the Northeastern
states. The footnote values represent the range of these metals from samples collected throughout
the Northeast. The values in this table allow for a quick reference benchmark for comparison to
soil samples collected at a park site. It should be emphasized that these are just general numbers
and regional background levels should be consulted if park land values appear to be elevated.
Background levels can be directly compared to samples to determine if the samples are
significantly higher, and could indicate a local source. The actual concentrations would then
have to be examined to see if the levels are at a toxic threshold level or higher, and determine
what actions might be taken. Another approach to obtain reference background soil data is to use
the Natural Resource Conservation Surface’s County Soils Publication and Maps to identify
similar soil type in an unaltered location and collect a reference sample from this location.

2.1.3 Surface Water

Surface waters receive anthropogenic (man-made) inputs from atmospheric deposition, non-point
source runoff from terrestrial sources (petroleum products from automobiles, road salt, etc.), and
point source discharges (sewage treatment plants, industrial discharge, landfill leachate, etc.).
There are also natural sources of contaminants such as the earth’s crust and natural processes
(petroleum seeps, volcanism) that release compounds and metals into water and into the
atmosphere. Transport in water can occur either by being in solution or in suspension as a
micelle, an electrically charged particle formed by an aggregate of molecule, or associated with
particulate matter. Compounds and metals can absorb onto particulate matter in suspension and
some of these contaminant-enriched particles will eventually settle out in bottom sediment. In
rivers, pollutants can be transported over great distances where they can enter into estuaries and
ultimately the oceans. Contaminants associated with eroding soil can be a major source of
chemicals entering into surface waters. Release of pollutants into moving surface water is
followed by dilution and in some cases degradation. The point of entrance will normally
represent the area where the highest concentration is observed, followed by a concentration
gradient downstream. The stream flow and physical characteristics may result in depositional
areas that should be sampled. In some instances, such as sewage outfalls, there may be a change
in the biota upstream from the outfall when compared to biota present downstream from the
outfall. The difference from upstream to downstream biota may reflect a contaminant or physico-
chemical parameters that impact the biota. In the case of small lakes and ponds, where there is no
major outlet, chemicals may buildup in these waters. It is also important to understand that
freshwater and saltwater organisms may respond differently to the same compound, and because
of this the no observed adverse effect levels (NOAELS) are often different. The surface waters
and the associated particulate fractions are sinks for accumulating contaminants as they move
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from upland into estuaries and into the oceans. Surface waters can be contaminated from many
different sources resulting in many anthropogenic compounds being present.

2.1.4 Sediment

Sediment can be either suspended in the water column and or deposited along the bottoms of
rivers, estuaries, and depositional areas in the ocean. Sediment originates from the contribution
of soil washing into the surface waters and from breakdown of organic matter in the receiving
waters. Sediment can become contaminated from land sources, as well as from contaminants that
accumulate in organisms and adhere to the sediment from the water column. The physical and
chemical characteristics of the sediment will influence the amount of contamination associated
with it. Sediments with high organic content and charge will have elevated levels of organic and
metals, respectively. The smaller the particle size the greater the surface area to volume ratio and
the higher the contaminant enrichment. Therefore, sediments with large grain size containing
mainly sand will have little or no metals or organic contaminants associated with them. Sediment
particle size also influences contaminant bioavailability. Bioavailability can be reduced in clay
and silt sediments compared to coarser sediments. Thus, when conducting sediment analyses, it
is important to evaluate both grain size and total organic carbon (TOC).

2.1.5 Groundwater

Groundwater is water located below the surface of the soil and can be found in soil pores
(sometimes called pore water) or fractures in the geological deposited soils. An aquifer is a
saturated zone where usable quantities of water can be withdrawn. Groundwater is recharged
from rainwater leaching into the subsurface areas. Groundwater, unlike surface water, flows very
slowly and discharges into seeps or springs that feed into surface waters, sometimes over
decades. Therefore, contamination that reached the aquifer decades ago may only now be
discharged into rivers and springs. In any one area, there can be several aquifers that are confined
to different depths by geological formations. Generally, the shallow aquifers are at greatest risk
of contamination. Contamination of groundwater can occur from pollutants seeping into the soil
and leaching into the groundwater. Contamination can flow from septic fields, underground
storage tanks, direct injection into deep wells, or leaching from surface soil applications. The rate
at which a contaminant leaches into an aquifer is determined by the soil characteristics. A
general rule is that sandy soil allows for easier penetration of contaminants than higher organic
containing soils. Aquifers that are below bedrock areas can become contaminated through cracks
and fissures in the rock or contamination on abandoned wells. Contaminants entering the
groundwater can include metals, volatile organic compounds, petroleum products, and leachable
pesticides. Once contamination of an aquifer occurs it is very difficult to remediate the
contaminants. Degradation and mineralization of contaminants in aquifers occurs very slowly
because of the lack of bacteria, light, and oxygen tension. Because of the slow recharge of
aquifers, dilution of the contamination is minimal. Movement within the aquifer is determined in
part by the polarity of the compound.
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3.0 Ecological Risk Assessment

The basic underlying principle of an ecological risk assessment is based on the USEPA
Guidelines for Ecological Risk Assessment (USEPA 1998). For each park it is necessary to
follow a step-wise approach to evaluating potential hazards from COCs to the terrestrial and
aquatic wildlife and flora. The general approach has been adopted by USEPA (1998) where there
is the problem formulation where integration of available information on each park’s potential
COCs is carried out (Figure 3). Because each park is unique in its location and its surroundings,
each require an inventory of existing threats. This can take the form of a general information
questionnaire (see Appendix 2, Survey Instrument) and gathering general information about the
park from literature, databases, and the internet. The analysis phase will attempt to obtain
measurement for COCs (exposure analysis) or unusual abiotic conditions (stressor response
profile) that exist either on or adjacent to the parks. The last phase is the risk characterization
(risk estimation). The final approach is to make scientific based management recommendations
that may include the following: 1) no action necessary as COCs fall below any level of concern;
2) identify specific targeted baseline sampling for historical reference for any future incident; 3)
specific targeted sampling approaches for confirming elevated COCs; and 4) remediation of
contaminated sites or engineering modifications to reduce impact. The amount of available
information on COCs present in the biota and the different environmental matrices the parks and
offsite (problem formulation and analysis phase) will affect the extent and uncertainty of the risk
characterization that can be made and what management options are available. There is a need to
follow up on any action that is taken to determine if the species at risk are remaining the same,
increasing or decreasing. Population surveys can be a valuable long-term monitoring tool when
coupled with analysis of chemical and non-chemical stressors.

3.1 Screening Level for Ecological Risk Assessment

It must be realized that a “hazard” in toxicology is determined by the risk of a compound causing
an adverse effect and actual exposure to that compound (RiskxExposure=Hazard). The risk
component incorporates a specified exposure dose under specific conditions. Therefore, there is
no hazard if a COC has no adverse effect at a specific dose/concentration (risk component). If
the organism does not come into contact with the chemical (exposure component) than there is
no hazard and the compound is not a COC. In either event, there will be no adverse effect to
wildlife or plants. Although there are many approaches to estimating hazards including
estimating the movement through fate and transport models and food webs, those methods are
beyond the scope of this appendix and project. If the concentration of a COC in an organism is
greater than the environmental media (soil, water, or sediment) it is living in, then the COC is
said to bioconcentrate. When the organisms COC burden is from both environmental media and
food intake, then the COC is said to bioaccumulate. Biomagnification of a COC occurs when
each trophic level in the food web has a higher amount of COC than the trophic level below
(Newman and Unger. 2003).

Bioconcentration (BCF) and bioaccumulation (BAF) factors are two parameters that are
important in both terrestrial and aquatic organisms for assessing the hazard based on steady state
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Figure 3. Proposed Guidelines for Ecological Risk Assessment.
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body burden. The steady state tissue concentrations represent the maximum levels that are
expected based on a particular level of exposure. The steady state level is achieved by the
accumulation, distribution, metabolism, and elimination of a compound within an organism
(Figure 2).

BCF = concentration in organism / concentration in ambient medium Eqg. 1

BAF = concentration in organism / concentration in food and external media Eq.2
X(ingested prey/water/soil/sediment)

In aquatic ecosystems where the main route of exposure is through the water column, the BCF is
an appropriate means to estimate body burdens. If food, abiotic, media and ambient water
concentrations are important exposure routes then Eq 2 should be used to calculate the BAF. In
the case of terrestrial organisms, BCFs and BAFs can also be calculated. Although not dealt with
in this report, atmospheric exposure to terrestrial wildlife can result in a steady state BCF from
airborne exposure. In the majority of cases, the BAF (Eq 2) is the appropriate value to be
calculated for terrestrial wildlife.

Most wildlife do not remain on a contaminated site or consume only contaminated food, which
would result in an area use factor (AUF) of less than one. In order to be conservative, an AUF
equal to one is used for all calculations. An AUF of one assumes that the organism ingests
contaminated food or water for their entire life. While this assumption simplifies the assessment,
due to the mobility and the diverse diets of most wildlife it is likely to overestimate the actual
exposure experienced. It should be remembered, however, that the purpose of the screening
assessment is to identify potential risks and data gaps to be filled. As more data are collected
these assumptions can be modified to reflect the actual amount of time that a species spends
within a specified area or park.

Our analysis involved an evaluation of the ecological risks of environmental contaminants based
on a two-tiered approach. This approach follows closely with that reported by Sample (1996). In
the hazard quotient (HQ) approach discussed below, the concentrations of the contaminants in
the environments are compared to the NOAEL. These screening ecotoxicity values are based on
literature surveys for values that have been reported to cause no adverse effect NOAEL or the
LOAEL in different media.

The second approach incorporates the exposure of oral ingestion of contaminated media to reach
a dose. This approach gives a benchmark that is either exceeded or not, based on known adverse
effects in organisms compared to their determined dose. This approach is simple yet allows new
information to be incorporated as new studies are carried out that better define the NOAEL or
LOAEL values (Crane and Newman 2000). When these values are less than the toxicological
benchmarks, the contaminant should be excluded from any further consideration. This process
assumes there are no contributions from other compounds to increase the mixture toxicity.
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3.2 Hazard Quotient Approach (HQ)

Ecological risks of environmental contaminants at the parks and evaluated with a two-tiered
process. This approach follows closely that proposed by Sutter (1996). In the first tier, a
screening assessment is performed where concentrations of contaminants in the environment are
compared to NOAEL-based toxicological benchmarks. These benchmarks represent
concentrations of chemicals (i.e., concentrations presumed to be non-hazardous to the biota) in
environmental media (water, sediment, soil, food, etc.) that should not result in an adverse effect.
One of the principal sources for the values that are used for this calculation is the NOAA
Screening Quick Reference Tables (SQuIRT), which are available online at
http://www.response.restoration.noaa.gov/book_shelf/122_squirt_cards.pdf for reference. If site-
specific values or more recent literature-based information is available then these values can be
used for screening purposes. Within the NOAA SQUIRT tables are background levels for
inorganic and organic compounds in freshwater and marine sediments, fresh and saline surface
water and groundwater. These tables also give different effect levels: threshold effects levels
(TEL), probable effects level (PEL), and effect range medium (ERM. The NOAA document also
contains two tables summarizing specific extraction and detection methods for inorganic trace
elements and organic compounds and a summary table listing appropriate containers for each
analyte, preservation methods, maximum holding times, and required sample size.

In practice, when contaminant concentrations in food, water, soil, and sediment resources are
less than the threshold toxicological benchmarks, the contaminants may be excluded from further
consideration. As stated above, this assumes no additive or synergistic effects from similar
contaminants. The PEL and ERM values allow for comparison to the increasing likelihood of an
effect on the biota. In the case of sediment values, the levels are provided both for freshwater and
marine sediments for inorganic and organic compounds sampled by NOAA. Another source for
freshwater sediment screening values is MacDonald et al. (2000). To determine which
contaminants pose a risk, an HQ is calculated, where HQ=media concentration/benchmark. If the
HQ>1, contaminant concentrations are sufficiently high that they may produce adverse effects.
This basically means that the concentration observed in the environment is greater than or equal
to a threshold or known effects level (i.e., PEL or ERM) and there is an increased likelihood that
the compound may have an adverse effect on the organism and warrant further investigation. An
HQ<1 means there is no risk based on the laboratory derived values.

EXAMPLE CALCULATION: Values in ppb (ug/Kg) dry weight.

Threshold Effects Probable Effects Effects Range

Level (TEL) Level (PEL) Medium (ERM) ~ S0Urce
. NOAA
Arsenic 7,240 41,600 70,000 SQUIRT

Arsenic sample
value sediment
40,000 ppb

40,000/7240 =5.5 40000/41600=0.96 40000/70000=0.57
TELHQ >1 PEL HQ < 1 ERM HQ < 1
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In this example arsenic would be considered a chemical of concern since it was above the TEL
value. If the PEL and ERM had HQ>1 the detected concentration would indicate a probability of
increasing toxic responses to benthic organisms. Scientific judgment needs to be exercised when
multiple compounds of similar mechanisms of toxicity may be present in a sample or another
factor may result in greater sensitivity of the organism to a contaminant.

Therefore, if the concentration of a contaminant exceeds a benchmark, HQ>1 that contaminant
should be retained as a COC. Conversely, if the HQ<1, the contaminant would not be retained as
a COC.

3.3 Estimating Body Burdens for Comparison to NOAELSs for Wildlife

Calculations can be made to determine on a daily basis the amount of a contaminant that an
organism is being exposed to from its food, water or other ingestion exposure routes (e.g.,
sediment or soil). In this approach, both inhalation exposure and dermal adsorption are not
included in the daily intake which can underestimate exposure, but normally the conservative
assumptions made in estimating the other major exposure routes may negate the need to be
concerned with other routes of exposure. Dermal exposure needs to be included when
amphibians and reptiles are the organisms of concern. The daily exposure estimations based on
known or estimated levels of a contaminant can be calculated using standard calculations and
based on literature-derived life history data.

The total body burden can then be compared to LOAELS from literature studies or estimated
from other reported endpoints (LOAEL, or a dose resulting in 50% death (LDsp). One approach
to estimate a LOAEL from a NOAEL is to apply an uncertainty factor of 10 to the values.

LOAEL = NOAEL multiplied by an uncertainty factor of 10 Eqg.3

In the case where there is only LDs, data, either examine the slope of the line and extrapolate to
the x-axis, or apply a larger uncertainty factor (100 or 1000) to estimate the total body burden.
The difficulty with extrapolating from these values is that the degree of uncertainty is greatly
increased, but if no other value exists it may be the only alternative to estimate whether a
contaminant potentially poses a risk.

The presentation of toxicity data on an mg/kg body weight (BW)/day basis allows comparisons
to the calculated levels for a particular species of interest. If the levels that are calculated exceed
the LOAEL then the levels in these matrices would pose a hazard to that particular species, and
be considered a COC. When calculating these values care must be taken to convert any dry
weight concentrations to wet weight by applying the appropriate water content values for
specific prey species (see Table 6) or the value determined by the analytical laboratory at the
time of analysis.
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4.0 Trophic Level Evaluation

Trophic level evaluation is not required for all compounds, because there are certain
characteristics which preclude biomagnification up the food web. Compounds that are rapidly
metabolized, poorly absorbed from the gastrointestinal track or epidermis, or rapidly eliminated
generally need not be examined in a trophic model. In these cases, the compound can be
compared to the LOAEL for determining if the concentrations are above a threshold of concern
(as described in the previous section). In the case of trophic level evaluations, the organism
impacted is studied through direct contact with environmental matrixes and through their food
sources (bioaccumulation). Therefore, when calculating the daily intake of a compound, the
sources of the contaminants include water, sediment/soil, and food. Airborne exposure is not
included in these calculations. In this way, representative organisms at different trophic levels
can be selected, and their daily intake calculated and compared to effects levels. By using this
approach, the total daily intake can be calculated using both empirical data from organisms
collected on or offsite, or through estimated prey body burdens or matrix values. When the total
daily intake of a compound (TDI) from all the sources is calculated, these values can be
compared to the LOAEL value derived from the literature. When the TDI exceeds this
benchmark effects value, the compound should be considered a COC. This is a highly
conservative approach because it assumes that all of the food consumed is contaminated at a set
level and that there is 100% uptake and retention. In the real world, it is unlikely that an
organism will be exposed continuously to contaminated sediment/soil and prey at a constant
level; there is never 100% uptake due to metabolism and elimination pathways. This
conservative approach will help protect wildlife especially when tissue dose data for specific
organisms is lacking.

In some instances where there are virtually no data on a chemical, the approach undertaken may
have to be very simplistic. The aquatic food chain multiplier (FCM) described below is such an
approach. If a large amount of data is available on emperical matrix values (i.e., water, sediment,
or soil contaminant concentrations) and lower trophic level prey dose, then a better estimate of
the predator dose can be calculated using the estimated dose from all source inputs. Because of
the complexity of food webs even in the simplest of ecosystems, there is a need to select sentinel
organisms that can represent large classes of organisms and reflect the ecosystems being
evaluated when evaluating compounds that have a potential to bioaccumulate.

4.1 Estimating Aquatic Organisms’ Body Burdens

If the BCF is not available for a specific compound then the following relationship developed by
Lyman et al. (1982) can be used based on the octanol-water partitioning equation (P is the
partitioning coefficient for octanol-water).

Log1o BCF = 0.76 Logso Poct — 0.23 Eq. 4

In a similar fashion the BCF can be calculated from the water solubility of a compound as
reported by Lyman et al. (1982).
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Logio BCF = 2.791 — 0.564 Log;o Water Solubility (mg/L) Eq.5

Equation 4 and 5 will estimate BCF values, but tissue and matrix concentrations are more
accurate for empirical BCF determinations.

4.2. Aquatic Food Chain Multiplier (FCM)

The FCM is a very simplistic approach where the concentration in a matrix is used to estimate
the level in biota at different trophic levels. This approach does not differentiate between a BCF
and a BAF. The differences between a BCF and BAF have been previously discussed (Screening
Level for Ecological Risk Assessment).

To estimate the tissue concentration in different trophic levels the only information needed is the
Logio Kow for a chemical of interest (Sample et al. 1996). Although the FCM is a very simple
approach, it is based on the assumption that the primary uptake route of these compounds is
through passive diffusion, which is controlled by the lipophilicity of the compound. It is a
conservative estimate since it assumes 100% uptake and does not take into account factors
affecting absorption, metabolism or elimination for different species. Estimates can be made for
concentrations in zooplankton (trophic level 2), small fish (trophic level 3), and piscivorous fish
and top predators (trophic level 4). Table 2 shows the multipliers for estimating the amount of a
compound that will accumulate in each of the higher trophic level organisms based on the Logio
Kow- The FCM approach may be applicable for some metals if the organo-metallic forms (i.e.,
methylmercury) are known to be biomagnified in higher trophic levels based on Log:o Kow
(USEPA 1995).

Table 1, located in Appendix 2, is a compilation of the Log;o Ko Values and calculated
concentration factors for each trophic level for the compounds that are routinely analyzed for by
NOAA and USEPA. The FCM approach is useful when there is a new compound that is
identified and there is very little data on levels in higher trophic level organisms. By obtaining
the Logio Kow from the literature or even doing a simple partitioning experiment one can obtain
this value. It must be realized that depending on the method from which it was derived there can
be differences in the actual K, values; however, they are generally similar. This value is then
used to determine what multipliers (Table 2) are to be used for each trophic level. This is an
approach that does not take into consideration any elimination pathways, and will overestimate
tissue levels when metabolism does play a major role. The estimated FCM tissue value can then
be compared to the LOAEL value determined from literature values.

For example, if a new compound has a Logo Kow=6.0 (see Table 2 for multipliers for each
trophic level) and is detected at 10 mg/L in water, then it is assumed that zooplankton (level 2)
will have 10 mg/kg body levels (1 x 10 mg/kg since one liter equals one kilogram). Trophic level
3 organisms would have 105.56 mg/kg and level 4 would have 159.96 mg/kg. Based on the
estimated total dose these values can then be compared to LOAEL and or NOAEL values for
representative species.

If for some reason there is no known Koy, then an alternative would be to find a compound with a
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Table 2. Aquatic Food Chain Multipliers (Taken from Sample et al., 1997 which was modified
from EPA 1993).

Trophic level 2=zooplankton;
Trophic level 3=small fish;
Trophic level 4=piscivorous fish, including top predators.

Prey Trophic Prey Trophic Prey Trophic

Log Kow Level 2 Level 3 Level 4
2.0 1 1.005 1.000
2.5 1 1.010 1.002
3.0 1 1.028 1.007
3.1 1 1.034 1.007
3.2 1 1.042 1.009
3.3 1 1.053 1.012
3.4 1 1.067 1.014
3.5 1 1.083 1.019
3.6 1 1.103 1.023
3.7 1 1.128 1.033
3.8 1 1.161 1.042
3.9 1 1.202 1.054
4.0 1 1.253 1.072
4.1 1 1.315 1.096
4.2 1 1.380 1.130
4.3 1 1.491 1.178
4.4 1 1.614 1.242
4.5 1 1.766 1.334
4.6 1 1.950 1.459
4.7 1 2.175 1.633
4.8 1 2.452 1.871
4.9 1 2.780 2.193
5.0 1 3.181 2.612
51 1 3.643 3.162
5.2 1 4,188 3.873
5.3 1 4.803 4,742
5.4 1 5.502 5.821
55 1 6.266 7.079
5.6 1 7.096 8.551
5.7 1 7.962 10.209
5.8 1 8.841 12.050
5.9 1 9.716 13.964
6.0 1 10.556 15.996
6.1 1 11.337 17.783
6.2 1 12.064 19.907
6.3 1 12.691 21.677
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Table 2. Aquatic Food Chain Multipliers (Taken from Sample et al., 1997 which was modified
from EPA 1993) (continued).

Trophic level 2=zooplankton;
Trophic level 3=small fish;
Trophic level 4=piscivorous fish, including top predators.

Prey Trophic Prey Trophic Prey Trophic

Log Kow Level 2 Level 3 Level 4
6.4 1 13.228 23.281
6.5 1 13.662 24.604
6.6 1 13.980 25.645
6.7 1 14.223 26.363
6.8 1 14.355 26.669
6.9 1 14.388 26.669
7.0 1 14.305 26.242
7.1 1 14.142 25.468
7.2 1 13.852 24.322
7.3 1 13.474 22.856
7.4 1 12.987 21.038
7.5 1 21.517 18.967
7.6 1 11.708 16.749
1.7 1 10.914 14.388
7.8 1 10.069 12.050
7.9 1 9.162 9.840
8.0 1 8.222 7.798
8.1 1 7.278 6.012
8.2 1 6.361 4519
8.3 1 5.489 3.311
8.4 1 4.683 2.371
8.5 1 3.949 1.663
8.6 1 3.296 1.146
8.7 1 2.732 0.778
8.8 1 2.246 0.521
8.9 1 1.837 0.345
9.0 1 1.493 0.226
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similar structure and use that compound’s K, for the estimation. These estimates can also be
used for calculating levels in higher trophic level organism as described. It is important to realize
that the more assumptions that are made, the less reliable the calculated body burdens. That is
why it is critical to not rely solely on these estimates without empirically determined tissue levels
from field samples.

Table 3 shows examples of calculated values for chemical BAF values for trophic level 3 and 4
organisms. These calculations are based on Eq. 4 and the FCM values presented in Table 2. The
full list of compounds sampled by NOAA and USEPA are presented in Appendix 2, Table 1.

As shown in Table 3, acetone would not be expected to bioaccumulate into higher trophic levels.
Both aldrin and benzo(a)pyrene would be assumed to accumulate into the higher trophic level
organisms. This model assumes that for most trace metals that there is no bioaccumulation in
higher trophic levels. Care should be exercised when there is evidence for specific metal
bioaccumulation from prey species or where the metal may not be bioavailable such as with Cd
(DiToro et al. 1992). In the case of organo-metals, there can be bioaccumulation in higher
organisms, as seen with methyl mercury (USEPA 1997Db). Selenium is also accumulated due to
its similarity to calcium and using transporters and sequestration areas within the cell (Peterson
and Nebeker 1992). Using this method, the calculation of tissue concentrations can be used in
estimating body burdens in these trophic level organisms for comparison to LOAELS to calculate
a HQ. These values can also be used to estimate concentrations in prey species for terrestrial
mammals and piscivorous birds.

4.3 Terrestrial Organisms (Wildlife and Plants)

Wildlife is exposed to contaminants through the ingestion of food, the drinking of water, the
breathing of air, and direct contact with the skin. In the evaluations being carried out for this
project, both dermal absorption and inhalation will not be considered as major exposure
pathways of terrestrial organisms to metals or organic compounds. Therefore, the major routes of
exposure are through the oral route, which would include food, water, and ingested soil and
sediment (Table 4). All values are expressed in terms of a body weight-normalized daily dose or
mg/kg body weight per day (mg/kgBW/d). An estimated food intake rate (FIR) would be
calculated as shown below.

(Ct xIR) + (Cwx IR) + (Csx IR)
BW

FIR =

Eq.6

FIR = food intake rate - estimated (mg/kg/d)

Ct = concentration in food -wet weight basis (mg/kg)
Cw = concentration in water (mg/L)

C,s = concentration in soil or sediment (mg/kg)

IR = ingestion rate (kg/d)

BW = body weight (kg)
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Table 3. Selected Compounds for Determining Trophic Level BAFs.

Trophic  Trophic Trophic  Trophic

Chemical :Zoglo BCF! Level 3% Level 3 Level 4  Level 4

ow FCM BAF FCM BAF
Acetone -0.24 0.39 1 0.39 1 0.39
Aldrin 6.5 51286.14 13.66 7000000° 24.604 13000000°
Benzo(a)pyrene 6.11 2591791 11.34 294000° 17.783 461000°
Mercury (Methyl 27900.00 140000.00
Mercury )
Selenium® 2600.00 6800.00

1. BCF calculated using Eq. 4.

2. Level 3=small fish, Level 4=piscivorous fish, including top predators.
3. Literature citation EPA 1995.

4. Peterson and Nebeker 1992.

5. Rounded off values

Table 4. Reference Values for Representative Terrestrial Mammalian Species.

Body Weight  Food Intake Water Intake Soil Consumption

SlpEiE (kg) (kg/day) (L/day) Rate (kg/day)
White-footed 0.022 0.0034 0.0066 0.000068
mouse

Eastern cottontail 1.2 0.237 0.116 0.015

Mink 1.0 0.137 0.099 Negligible
Red fox 45 0.45 0.38 0.0126
Whitetail deer 56.5 1.74 3.7 0.0348

(Modified from Sample et al. 1996)
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Because wildlife does not consume dry food, these estimates must be adjusted to account for the
water content of food. Water content of selected wildlife foods are given in the Wildlife
Exposures Factors Handbook (USEPA 1993), and in Table 5. This adjustment is important
because most analytical data generated today are on a dry-weight basis. Therefore, the
concentrations used for the calculations must be decreased by the percentage of water content.
When calculating the food that is consumed it must be realized that most organisms consume a
variety of organisms and plant species, and this will affect their estimated daily intake. It is
unlikely that there will be data on each of these food types, but when estimating the daily intake,
assumptions will have to be made based on best available data. This also would indicate data
gaps that if resolved would be helpful in estimating exposure and whether the tissue does
approach levels of concern.

Water consumption rates are available for some species of mammalian wildlife (Table 5). Water
ingestion in the equation is included when water is a route of exposure for a primary contaminant
of concern. Since this is a conservative approach, if a range of data is available, either use the
highest value observed or use a mean for the values.

For the terrestrial environment, the animals that were selected are listed in Table 6 and their food
sources in Table 6-8. Sample et al. (1996) list data for a much larger number of animals than are
presented in this appendix. The terrestrial mammals selected for discussion in this report were
selected on the basis that they are commonly present at the parks and represent species that are
exposed to compounds through different routes: white-footed mouse (Peromyscus leucopus),
Eastern cottontail (Sylvilagus floridanus), mink (Mustela vison), red fox (Vulpes vulpes), and
white-tailed deer (Odocoiles virginianus).

The food intake rates in Table 4 are based on dry weight and must be converted to a wet weight
basis. The amount of water present in various classes of organisms was modified from Sample
(1994) and represent averages within a group. In order to simplify the calculation, a single
recommended value is shown in Table 5 along with the range of reported values.

EXAMPLE CALCULATION: For example if the mink consumed 0.137 kg/day (Table 4) of
aquatic invertebrates then the wet weight value would be 0.685 kg/day. The dry mass equals one
fifth of the total weight (wet weight consumed=0.137 kg x 5) Table 6. The same approach is
used when multiple species comprise the diet of the animal of interest and requires that the total
diet be proportioned to the type of prey consumed and corrected for water content.

Prey (0.137 kg/day) Mink Diet Water Content Dry Wt (kg/day) Wet Wt kg/day

[Table 4] [Table 6] [Table 5]

Mammals 46% 68% 0.063 0.197

Fish & Invertebrates 31% 75% (70-80%) 0.042 0.168

Amphibians 13% 85% 0.018 0.120

Birds 10% 68%" 0.014 0.044
Total 100% - 0.137 0.529
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Table 5. Estimated Water Content for VVarious Types of Food Types. Recommended values were
based on professional judgment and values reported by sample (1994).

Recommended Water

Food Type Content (%) Ranges (%)
Aquatic invertebrates 80 71-87
Aquatic vertebrates 70 68-75
Aquatic plants 85 84-87
Terrestrial invertebrates 70 61-84
Mammals 68 NR
Birds 68 67-68
Reptiles 66 NR
Amphibians 85 NR
Terrestrial plants leaves 80 70-88
Terrestrial seeds/dry grass 9 7-10

NR = not reported

Table 6. Diet Composition of Representative Terrestrial Mammals Likely to be Encountered at
Park Locations.

Species Diet Composition Percentage
(%)

. Seeds, fruit, vegetation 34-67
White-footed mouse Arthropods 30-57
Eastern cottontail Herbaceous plants 100

Mammals 46
Mink Fish & invertebrates 31
Amphibians 13
Birds 10
Mammals 70
Birds 12
Red fox Plants 10
Insects 1
Msc. remainder
White-tailed deer Herbaceous plants 100
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Table 7. Avian Species That Are Recommended for Estimating Exposure Concentrations.

Soil/Sediment

Body weight Food Intake Water Intake Consumption
Species (kg) (kg/day) (L/day) (kg/day)
American robin 0.077 0.093 0.0106 0.0019
American 0.198 0.15 0.02 0.0156
woodcock
Belted kingfisher ~ 0.148 0.075 0.016 Negligible
Great blue heron  2.39 0.42 0.1058 Negligible'
Red-tailed hawk  1.126 0.109 0.064 Negligible'
Osprey 1.5 0.3 0.077 Negligible*

1. Piscivorous birds assumed to be negligible and red-tailed hawk consuming mammalian prey.
Piscivorous birds may be exposed to entrained sediments in the prey item.

Table 8. Diet Composition of Representative Avian Species Likely to be Encountered at Park

Locations.

. : . Percentage
Species Diet Composition (%)
American robin Fruit (seasonal) 7-83

Invertebrates 8-93
American woodcock Primarily earthworms 58-98
Belted kingfisher Cyprinids & other fish 86.6
Crayfish 13.3
Great blue heron Fish (Predominantly) 100
Other invertebrates, birds,
and small mammals
Red-tailed hawk Small mammals 78.5
Bird 8.5
Snake 13.0
Osprey Fish (Predominantly) 100
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If there is no food ingestion rate (IR) data available for birds or mammals, then another approach
employing (Eq. 8-12) allometric regression models based on metabolic rate is used (Nagy 1987).
The BW is on a kg wet or live weight basis.

IR = 0.0687 (BW)‘;';)Z Placental mammals Eq. 7
IR = 0.0306 (BW)* Rodent Eq. 8
IR = O.0875(€3W)%'727 H(()erg?vgres Eg. 9
IR = 0.0582(BW)>®* Birds Eqg. 10
IR = 0.141(BW)*5° Passerine birds Eq.11

Because this is a screening exercise, in many instances contamination concentrations in the food
is not available, and in these circumstances estimates must be generated from existing abiotic
data or regional concentrations. In these cases, uptake factors can be used to estimate the values
in the food or water (Eg. 2 & 4). The same can be done from organism data by back calculating
to media concentrations (Eg. 2). As seen in Table 2, tissue concentrations for aquatic species can
be estimated from the Logio Kow for any compound. These estimated concentrations can be used
for evaluating the daily intake by specific organisms that consume these food organisms.

In the case of the American robin, there is seasonal variation in the foods that are consumed.
However, when available, the earthworm is their primary food source. For a detailed approach to
estimate earthworm concentrations, refer to Appendix 2. The same is true for the American
woodcock with the earthworm being a major food item. Also, in the case of the great blue heron,
osprey, and belted kingfisher, an assumption that can be made is that 100% of their prey consists
of trophic level 3 and 4 fish. If there are data available on the proportion of the diet from a
number of different organisms, these percentages can be used to approximate the contribution of
the COC by the different prey items.

4.4 Terrestrial Plant Contamination

Estimating the amount of chemical uptake and adherence to plant material is a very complicated
exercise, due in part to the variety of plants and the diversity of chemicals being applied and
present in the atmosphere (Appendix 2, Calculating Uptake into Terrestrial Vegetation). In the
case of direct application of a chemical (e.g., pesticide), the estimated chemical concentration
can be calculated and this value used as the worst case scenario for foliar concentrations. These
values can be used for estimating exposure to herbivores and omnivores. If there is concern of a
compound on plant material that is being consumed, then it is recommended that the plant
material be sampled directly. This will allow for “site specific” determinations that will be
directly applicable to the parks.
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5.0 Sample Collection and Analytical Techniques

COCs can be divided into general categories that include radionuclide, inorganic, and organic
compounds. Within each of these categories there are many subgroups that may have specific
common characteristics. The techniques for quantification of these compounds are generally
specific and have been approved by national organizations (USEPA, NOAA, ASTM) and are
rigorously followed. Any specific technique will establish which analytes will be analyzed and at
what detection limit. There are also specific matrix protocols because the specific matrix will
change the extractability, recovery and limit of detection of the analyte (Appendix 2,Table 4). It
is critical to determine which analytes are to be tested and what is the level of detection needed.

Just as important as the analytical technique (federal or state agency approved protocols) and lab
selection (state and federal certified for analytic technique) is the field collection method (Table
9 & 10, Appendix 2 - General Field Sampling Guidelines). The protocols contained in Appendix
2 have been taken directly from the USEPA Emergency Response Team website and the
individual SOPs are listed
http://www.ert.org/mainContent.asp?section=Products&subsection=L.ist. Because many
compounds are ubiquitous, it is essential that the method of collection not introduce the analyte
of interest into the sample from a spurious source. Cross contamination of samples will result in
artifacts due to handling and not due to the presence of a COC (Appendix 2 - Sampling
Equipment Decontamination). It is important to follow the recommended decontamination
procedures, highest purity of solvents and appropriate field sample controls. Another important
factor is the dissimilar holding times that are acceptable for the different COCs (Table 10). If a
sample is analyzed after an unacceptable holding time (determined by analytical protocol), the
results are suspect because of potential loss of analyte or parent chemical alteration.

5.1 Sampling Design

The goals of the sampling design include (1) support a decision whether a contaminant level
exceeds a threshold of unacceptable hazard, (2) identify the location of “hot spots” (3)
characterize the nature and extent of the contamination, and (4) determine trends in
contamination levels. Prior to conducting any sample collections, a full SOP for the sampling
procedures, QA/QC samples, sample storage, analytical method, and data analysis (statistics and
data usage) should be outlined in detail. Any deviation from the SOP should be noted in a bound
sample log. All notes and information collected while sampling should be written in the log
book, and signed and dated at the bottom of each page by the person entering the information. If
a misstatement or an incorrect entry is entered it should be crossed out with a single line and then
initialed by the person changing the entry. All entries need to be in waterproof pen. All personnel
involved in the sampling protocol need to have read the protocol and understand the procedures
being carried out.

The sampling design is critical to evaluate how representative a sampling strategy is to
determining the extent of a given COC at any location (USEPA 2002a). Probability-based
sampling involves collection of samples in a nonsystematic fashion from the entire park.
Systematic sampling involves collection of samples based on a grid or a pattern, which has been
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previously statistically established. If possible, the number of samples to be collected can be
determined from preliminary sampling and statistics. When judgmental sampling is performed,
samples are collected only from portions of the park that are most likely to be contaminated
based on expert knowledge or professional judgment and from a reference site. A grid design can
be used for judgmental sampling as well. This latter approach is the one that will likely be used
at most parks if for no other reason than decreased number and cost of sample analysis. Under
some circumstances a combination of approaches may be used. There is no absolute number of
samples that is required to establish the level of a COC at any location. It is important for
comparative purposes that a minimum of three discrete independent samples with a subset of
duplicates be collected at the designated site location. This will allow for, at a minimum, a mean
and standard deviation to be determined, as well as for a statistical analysis to be performed
(Student t-test). To prevent sample loss or the influence of outlier values, it is suggested that four
to six discrete samples be collected. Increased sample number size will generally reduce the
influence of any one outlier; however, sample analysis may limit the number of samples (dioxin
like compounds and PCBs cost ~$1,500 per sample) that can be analyzed. For a detailed
description of sampling design and statistical interpretation refer to USEPA (2002).

Collection of duplicate or split samples can be used in place of samples that may be lost or
damaged. The cost of the sampling campaign is quite high and it is often cheaper to collect the
duplicate samples at the time of initial sampling than having to resample the site. For this
program, it is being recommended that specific sites within the park be sampled based on
suspected introduction of COCs or for the protection of an important natural resource in case of a
spill (judgmental sampling). In the case of a spill situation, the samples should include reference
samples outside of the spill area, samples at the point of the spill, and samples along the expected
concentration gradient of the spill. There is no set number of sample sites, but an adequate
number of sites should be sampled to delineate the extent of the spill.

5.2 Discrete or Composite Samples

The two most common types of sample collection are either discrete grab samples or composites
of samples collected over an area or a specified time period. The matrix being sampled along
with the sampling design strategy will influence the type of sample collected. As the name
implies grab samples are taken at a single point in time from the matrix being sampled. This is a
discrete sample that will relay the concentration within the matrix at this single point in time and
location. A composite sample is a mixture of numerous individual samples that are well mixed
and then sampled for analysis. The rational for using a composite sample is that there can be
variability in field samples and a composite would give an averaged concentration in the matrix.
A composite sample can dilute contaminant result, so it should be noted that if you have an
elevated composite sample you may wish to resample with a discrete sampling design to better
understand contaminant distribution. This can be achieved if individual samples that comprise
the composite can be stored until it is determined whether a point estimate is needed. Chain of
custody for any sample is a critical requirement when collecting any sample. It is also important
to understand for different statistics are required when comparing individual discrete samples
versus composite samples (Newman and Unger 2003; USEPA 2002a).
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Atmospheric sampling composite samples are usually collected because of the traditionally low
levels of contaminants. There are many different types of samplers from passive designed units
(wet and dry samplers, semi permeable membranes) to low volume (carbon filter mini-pumps)
and high volume throughput samplers (different filter materials depending on COC). Again, the
specific COC will determine the material used to trap the COC or the specific type of sampler
(see Appendix 2).

As with air sampling, water sampling (surface and groundwater) can be done either using a
single grab type sample or a composite sampler that collects discrete samples for a designated
period of time. The composite gives an average of the COC over the time period and results in an
average concentration (smoothing out highs and lows). A 24 hour composite sampler is
commonly used at sewage treatment or effluent sampling to establish the average concentration
over a 24 hour period. Composite sampling allows for a larger volume of sample to be collected
that can be used for either analytical or biological toxicity testing. General methods for collection
of surface and groundwater samples are summarized in Appendix 2 Surface Water Sampling and
Groundwater Well Sampling.

In the case of soil samples, vegetation is removed and surface or core samples at various depths
can be obtained. Because of spatial variability of contaminates it is important to composite
samples from a specific area. A recommended protocol is to use discrete sampling from a square
meter and combining five sub-samples taken from the four corners and the center of the square
meter. In the case of sediment sampling, three or more cores or benthic grab samples from each
location should comprise the composite. One approach in a small boat using a ponar is to sample
from three locations within the boat. In larger vessels and or using larger sampling devices
multiple samples from the stern of the boat can be used to make a composite sample. Another
advantage to the composite sample is that there is a sufficient amount to collect duplicate
samples that may be used (if needed) or as QA/QC samples. Within Appendix 2 are extensive
protocols for sediment and soil sampling.

Within Table 9 are summarized the analytical methods for each of the different matrices. Table
10 summarizes for each class of analytes being examined in a specific matrix the required
container, preservation method and recommended holding times. Prior to any sampling
campaign contact should be made to the analytical laboratory and to determine if they have any
specific requirements. What are shown in Table 10 are the generally accepted parameters. To
have sufficient material for laboratory “spiking” for determining recoveries (two matrix spikes
and one travel blank) and precision (eight matrix spikes) additional samples should be collected
at the time of sampling. Sample size can be established following discussions with the laboratory
conducting the analysis. In preparation of a spill incident, containers should be onsite along with
appropriate collecting devices and identified certified laboratories that can conduct the analysis.

Breaches of protocol for analytical techniques, holding times, cross contamination, individual

sample identity, and integrity (chain of custody) can result in the data being suspect and unusable
for general monitoring, publication and or litigation purposes. Quality Control and Quality
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Assurance Work Plan must be followed for the entire project from planning of sample collection,

to analysis and interpretation.

Table 9. Recommended Analytical Methods by Matrix Being Analyzed.

Analyte Method Number Instrument Matrix

PAHSs 8270D GC/MS S, SD, X

PCBs 8270D GC/MS S, SD, X

Total petroleum 8015B GC/MS S,SD, X

hydrocarbon 418.1 GC/FID

Pest/PCB 8080/SW-846 GC/MS S, SD, X
608 W

Oil + grease 5520A+F IR& w

Fluorescence

Dioxins/furans 8280B GC/MS S, SD, X
8290A

Metals EPA-600/CFR40 Flame AA W
7000B 7010
6010B ICP S, SD, X
SW-846

VOA 8240/SW-846 GC/MS S, SD
624/CLP W

Grain size ASTM D422-63 NA S, SD

Total organic carbon SW 846-9060 NA S, SD

S=soil, SD=sediment, W=water, X=tissue, NA=not applicable, VOA=volatile organic analysis
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Table 10. Summary of Collection and Holding Requirements Based on Analyte and Specimen.

Analytical Matrix Containtzer Type & Preservation leding
Parameter Volume Times
Pest/PCB S 8 0z glass ~500 g 4°C 7140 days
TAL metals S 8 0z glass ~10-100g  4°C 6 months
TAL metals XE 8 0z glass ~10-100g <0°C 6 months
Pest/PCB XE 8 0z glass~10-100g <0°C 7/40 days
Pest/PCB XM Foil/Ziploc ~500g <0°C 7140 days
TAL metals XM Foil/Ziploc ~100g <0°C 6 months
Pest/PCB SD 8 0z glass ~500g 4°C 7/40 days
TAL metals SD 4 0z glass ~100g 4°C 6 months
Pest/PCB XF Foil/Ziploc ~500g <0°C 7/40 days
TAL metals XF Foil/Ziploc ~500g <0°C 6 months
Pest/PCB XI Foil/Ziploc ~100g <0°C 7/40 days
TAL metals XI Foil/Ziploc ~100g <0°C 6 months
Pest/PCB W 1 L amber~1000 ml 4°C 7140 days
TAL metals w 1L poly ~1000 ml 4°C 6 months
Lipids X Foil/Ziploc ~1-10g NA 7 days
Grain size S,SD 32 0z glass ~10- NA NA
1000g
TOC S,SD 8 0z glass ~1-10g 4°C 28 days

1. Matrix: S=soil, W=water, SD=sediment, XE=earthworm tissue, XF=forage fish,
Xl=invertebrate, X=animal lipids, XM=mammal

2. The container type is indicated but the amount needed is determined by the selected
analytical technique and anticipated concentration level. The values listed in the table
are recommendations (Dr. Brian Buckley personnel communication EOHSI analytical
Laboratory), and actual amounts should be discussed with the analytical laboratory
carrying out the analysis. Actual amounts collected can affect the detection limit for
the sample.
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6.0 Conclusion

Appendix 1 is a primer for assessing which chemicals may pose a threat to wildlife on NPS
properties, and how samples should be collected and analyzed. Appendix 1 is presented in a
manner that will allow National Park personnel to become familiar with the basic principles that
underlie an environmental screening approach and to determine if a chemical concentration
poses any hazard to wildlife species. It cannot be emphasized enough that the approach proposed
in this chapter is a simplified approach to a very complex problem. In most environmental
samples there are complex mixtures of compounds that can be assessed on an individual
chemical basis, but there are likely complex chemical interactions that will influence the toxicity.
Although much of Appendix 1 deals with individual compounds and their effects, most
environmental situations have multiple contaminants. These contaminants, although dealt with
on an individual compound by compound basis in toxicology, do not preclude the possibility that
chemical compounds can result in less than additive, additive, or greater than additive effects
when an organism is exposed to multiple chemicals from an environmental mixture. An
exception occurs when the chemicals act through a common mechanism and the literature
supports an additive approach. This is the case for dioxin-like compounds, but in the majority of
cases such information is not available (Van den Berg et al. 2006). The difficulty in dealing with
complex mixtures is that there is no way short of testing the mixture to determine how the
chemicals interact in the biological system. The reader should also appreciate that both chemical
contamination and species have a spotty distribution in the environment, which can affect the
establishment of baseline values. The specific examples provided allow NPS staff to see how the
equations are applied to determine if a compound is above a benchmark level that could
adversely impact wildlife. It is important in any assessment to understand the activities that
historically or presently (offsite and onsite) introduce chemicals into the exposure pathways of
plants and animals within a park area. With this information and an understanding about the
critical habitats and species an assessment can be made to predict if an adverse effect may result.
It is important that both the personnel conducting chemical analysis and the natural resource
personnel work together to assess impacts.
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Appendix 2: Hazard Quotient Approaches and Sampling
Protocols (continued)
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1.0 Chemicals Analyzed During Routine Sampling

One of the largest and continuous data sets that exist for bivalve mollusks can be obtained from
the NOAA Status and Trends data for estuarine environments around the country. The data set
goes back to 1986 and contains data for sediment and tissue values for only a few years over this
period. Tissue data is available for most of the sites on a two to five year basis. The two bivalve
species that are collected at these sites are the blue mussel (Mytilus edulis) and the Eastern oyster
(Crassostrea virginica). Since these are filter-feeding bivalves, they will accumulate
contaminants from chemicals adhering to particulates and food organisms (algae). These data
can be used to make three different interpretations concerning the waters to which the bivalves
are exposed. First, this data set is useful for examining temporal trends at a given site from 1986
to present for both trace metals and organic contaminants. Selecting specific sites that are in or
near park locations enables a determination to be made concerning the trends in chemical
concentrations in these organisms. These trends can be used as an indicator for the improvement
in a specific watershed, no change in tissue levels, or an upward trend for a particular compound.
A second use for these data can be the calculation of what the suspended sediment or particulate
phase concentrations are for a specific compound. The assumption being made is that this
calculated particulate phase value is equivalent to actual bulk sediment, which is likely a
conservative assumption. This number can be compared to the sediment matrix benchmarks and
a HQ derived. This is based on site specific BAF values generated when comparing the sediment
to the tissue concentrations. If the estimated sediment concentration is greater than the NOAEL
for sediment, then the specific compound should be considered a COC.

Site Specific BAF=Tissue Concentration/Sediment Concentration
Estimated Sediment Concentration=Tissue Concentration/Site Specific BAF Eqg. 1

Third, the tissue concentrations can be used to establish exposure from food ingestion by
mammals and birds that have bivalves as a portion of their diets. These data along with that
generated in other trophic level organisms can be used to estimate a higher trophic levels
organism’s exposure through ingestion.

The EPA has also begun a long-term monitoring program that is examining not only chemical
concentrations in sediment but also in fish and crustaceans inhabiting estuarine and near shore
areas along the United States. There is also a biological component that examines toxicity
associated with sediment and surface water. These data are useful when attempting to establish,
whether there is an impact from multiple contaminants that may be present in an environmental
sample. Examining whole organism toxicity allows for the total impact of all of the bioavailable
compounds to be assessed as to whether there is an impact on the organism. These responses can
be sublethal and lethal responses.

Other data sets that are useful include data from state and local authorities that have conducted
regional or local collections. Local industry and federal government installations also are sources
of contaminant information. NPS surveys are also useful in establishing the extent and number of
COCs at any one location.
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1.1 Calculation Uptake into Terrestrial VVegetation

Travis and Arms (1988) reported that uptake into vegetation from soil contaminated with organic
compounds can be calculated by with Eq. 13. The concentration in the plant (B,) is inversely
proportional to the square-root of the octanol-partioning coefficient (Kow).

Log1o By=1.588 — 0.578 Log1o Kow Eq. 2

A recent reevaluation of this approach has supported the initial assumptions with several minor
qualifications (Birak et al. 2001). Compounds that are readily metabolized will be overestimated
in the plant material; the concentration of compounds with a Log;o Kow greater than 6.5 may be
overestimated in the plants.

In the case of elements present in soil, the concentration in plants can be estimated using specific
elemental transport parameters developed by Baes et al. (1984) for both the vegetative and non-
vegetative portions of plants. These values were developed to estimate the amount of transfer to
agricultural crops and are a good tool for estimating soil to plant uptake. The transfer coefficients
were derived to represent the ratio of the elemental concentration in the plant and soil at harvest,
and were broken down into vegetative portions and non-vegetative (reproductive) portions
(Table 2). To calculate the concentration in the plant, multiply the transfer coefficient of the
specific element by the soil dry-weight concentration. Multiplication by a factor of four for
conversion from dry to wet weight should be used for non-grain or grasses. For grains and dry
grasses a factor of 1.1 should be used (Table 6, Appendix 1).

Within Table 1 are derived equations for estimating uptake by plants for a number of routinely
sampled metals. Derived equations for a number of organic compounds are shown in Table 2.
These tables were obtained from the ECOTOX database (http://cfpub.epa.gov/ecotox/).

1.2 Earthworm Uptake

Earthworms (oligochaeta) are an important food source for a number of vertebrate species and
may comprise the majority of their food intake. Secondary poisoning from contaminated worms
has been reported (Sheppard et al. 1997). Uptake of organic compounds can be estimated based
on the method of Menzie et al. (1992) as shown in the equation below.

UF = (YL)/(0.66%sc) Eq. 2

UF=uptake factor
Y =earthworm lipid content (if not measured assume 0.84%)
foc=0rganic carbon content of soil

The soil organic carbon should be measured on a site by site basis. If this information is not
available, estimations can be made based on the soil conservation information available from the
U.S. Department of Agriculture Natural Resources Conservation Service Web Soil Survey
(http://soils.usda.gov/).
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Table 1. Summary of Compounds Routinely Analyzed for by NOAA and USEPA and Calculated Trophic Level BAFs.

Trohic Level 3

Trohic Level 3

Trohic Level 4

Trohic Level 4

Analyte Class | Log Kow Kow BCF* FCM BAF FCM BAF Carcinogen | Mutagen | Teratogen | Reference
1,2,3,4-Tetrachlorobenzene Pesticide 4.67 4.68E+04 | 2.09E+03 2.175 4.54E+03 1.633 3.41E+03 5
1,6,7-Trimethylnaphthalene PAH 4.30 2.00E+04 1.09E+03 1.491 1.63E+03 1.178 1.29E+03 X 7
1-Methylnaphthalene PAH 3.84 6.87E+03 4.88E+02 1.161 5.67E+02 1.042 5.08E+02 X 1
1-Methylphenanthrene PAH 5.04 1.09E+05 3.98E+03 3.181 1.27E+04 2.612 1.04E+04 X 1
2,4'-DDD Pesticide 6.20 1.58E+06 3.03E+04 12.064 3.66E+05 19.907 6.04E+05 X 1
2,4'-DDE Pesticide 7.00 1.00E+07 1.23E+05 14.305 1.76E+06 26.242 3.23E+06 X 1
2,4'-DDT Pesticide 6.19 1.55E+06 2.98E+04 12.064 3.60E+05 19.907 5.93E+05 X X 1
2,6-Dimethylnaphthalene PAH 4.37 2.36E+04 1.23E+03 1.614 1.99E+03 1.242 1.53E+03 X 1
2-Methylnaphthalene PAH 3.86 7.19E+03 5.05E+02 1.202 6.07E+02 1.054 5.33E+02 X 1
4,4'-DDD Pesticide 6.20 1.58E+06 3.03E+04 12.064 3.66E+05 19.907 6.04E+05 X 1
4,4'-DDE Pesticide 7.00 1.00E+07 1.23E+05 14.305 1.76E+06 26.424 3.25E+06 X 1
4,4'-DDT Pesticide 6.19 1.55E+06 2.98E+04 12.064 3.60E+05 19.907 5.93E+05 X X 1
Acenaphthene PAH 4.01 1.03E+04 6.57E+02 1.253 8.23E+02 1.072 7.04E+02 X 1
Acenaphthylene PAH 3.22 1.67E+03 1.65E+02 1.042 1.72E+02 1.009 1.66E+02 X 1
Aldrin Pesticide 5.66 4.57E+05 1.18E+04 7.962 9.39E+04 10.209 1.20E+05 X 1
Alpha-Chlordane Pesticide 6.00 1.00E+06 2.14E+04 10.556 2.26E+05 15.996 3.42E+05 X 6
Alpha-Hexachlorocyclohexane Pesticide 3.80 6.31E+03 4.45E+02 1.161 5.17E+02 1.042 4.64E+02 X 8
Aluminum Metal NA NA NA NA NA NA NA 2
Anthracene PAH 4.53 3.42E+04 1.63E+03 1.766 2.88E+03 1.334 2.18E+03 X 1
Antimony Metal NA NA NA NA NA NA NA 2
Arsenic Metal NA NA NA NA NA NA NA X 2
Benz[a]anthracene PAH 5.67 4.71E+05 1.20E+04 7.962 9.55E+04 10.209 1.23E+05 X 1
Benzo[a]pyrene PAH 6.11 1.28E+06 2.59E+04 11.337 2.94E+05 17.783 4.61E+05 X 1
Benzo[b]fluoranthene PAH 6.27 1.85E+06 3.43E+04 12.691 4.35E+05 21.677 7.43E+05 X 1
Benzo[e]pyrene PAH 6.14 1.36E+06 2.71E+04 11.337 3.07E+05 17.783 4.82E+05 X 1
Benzo[g,h,i]perylene PAH 6.51 3.21E+06 5.22E+04 13.662 7.13E+05 24.604 1.28E+06 X 1
Benzo[k]fluoranthene PAH 6.29 1.95E+06 3.55E+04 12.691 4.51E+05 21.677 7.70E+05 X 1
Beta-Hexachlorocyclohexane Pesticide 3.78 6.03E+03 4.39E+02 1.161 5.10E+02 1.042 4.57E+02 X 8
Biphenyl PAH 3.95 8.91E+03 5.92E+02 1.253 7.41E+02 1.072 6.34E+02 X 1
C1-Chrysenes PAH 6.42 2.63E+06 4.46E+04 13.228 5.90E+05 23.281 1.04E+06 X 7
C1l-Dibenzothiophenes PAH NA NA NA NA NA NA NA X

Cl-Fluoranthenes/Pyrenes PAH 5.29 1.94E+05 6.17E+03 4.803 2.96E+04 4,742 2.93E+04 X 1
C1-Fluorenes PAH 4.72 5.25E+04 2.28E+03 2.175 4.95E+03 1.633 3.72E+03 X 1
C1-Naphthalenes PAH 3.80 6.31E+03 4.55E+02 1.161 5.28E+02 1.042 4.74E+02 X 1
C1-Phenanthrenes/Anthracenes PAH 5.04 1.10E+05 3.98E+03 3.181 1.27E+04 2.612 1.04E+04 X 1
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Table 1. Summary of Compounds Routinely Analyzed for by NOAA and USEPA and Calculated Trophic Level BAFs

(continued).

Trohic Level 3

Trohic Level 3

Trohic Level 4

Trohic Level 4

Analyte Class |Log Kow Kow BCF* FCM BAF FCM BAF Carcinogen | Mutagen | Teratogen | Reference
C2-Chrysenes PAH 6.88 7.59E+06 9.97E+04 14.388 1.43E+06 26.669 2.66E+06 X 7
C2-Dibenzothiophenes PAH NA NA NA NA NA NA NA X

C2-Fluoranthenes/Pyrenes PAH 5.29 1.94E+05 6.17E+03 4.803 2.96E+04 4.742 2.93E+04 X

C2-Fluorenes PAH 5.20 1.58E+05 5.27E+03 4.188 2.21E+04 3.873 2.04E+04 X 1
C2-Naphthalenes PAH 4.30 2.00E+04 1.09E+03 1.491 1.63E+03 1.178 1.29E+03 X 1
C2-Phenanthrenes/Anthracenes PAH 5.46 2.88E+05 8.31E+03 6.266 5.21E+04 7.079 5.88E+04 X 1
C3-Chrysenes PAH 7.44 2.75E+07 2.66E+05 12.987 3.45E+06 21.038 5.59E+06 X 7
C3-Dibenzothiophenes PAH NA NA NA NA NA NA NA X

C3-Fluoranthenes/Pyrenes PAH 5.29 1.94E+05 6.17E+03 4.803 2.96E+04 4.742 2.93E+04 X

C3-Fluorenes PAH 5.70 5.01E+05 1.26E+04 7.962 1.01E+05 10.209 1.29E+05 X 1
C3-Naphthalenes PAH 4.80 6.31E+04 2.62E+03 2.452 6.42E+03 1.871 4.90E+03 X 1
C3-Phenanthrenes/Anthracenes PAH 5.92 8.32E+05 1.86E+04 9.716 1.81E+05 13.964 2.60E+05 X 1
C4-Chrysenes PAH 8.00 1.00E+08 7.08E+05 8.222 5.82E+06 7.798 5.52E+06 X 7
C4-Naphthalenes PAH 5.30 2.00E+05 6.28E+03 4.803 3.02E+04 4.742 2.98E+04 X 1
C4-Phenanthrenes/Anthracenes PAH 6.32 2.09E+06 3.74E+04 12.691 4.75E+05 21.677 8.11E+05 X 1
Cadmium Metal NA NA NA NA NA NA NA X 2
Chlorpyrifos Pesticide 5.26 1.82E+05 5.86E+03 4.803 2.81E+04 4.742 2.78E+04 5
Chromium Metal NA NA NA NA NA NA NA X 2
Chrysene PAH 5.71 5.16E+05 1.29E+04 7.962 1.02E+05 10.209 1.31E+05 X 1
Cis-Nonachlor Pesticide 5.70 5.01E+05 1.26E+04 7.962 1.01E+05 10.209 1.29E+05 6
Copper Metal NA NA NA NA NA NA NA 2
Delta-Hexachlorocyclohexane Pesticide 4.14 1.38E+04 8.25E+02 1.315 1.08E+03 1.096 9.04E+02 X 8
Dibenzo[a,h]anthracene PAH 6.71 5.16E+06 7.41E+04 14.223 1.05E+06 26.363 1.95E+06 X 1
Dibenzofuran 4.12 1.32E+04 7.97E+02 1.315 1.05E+03 1.069 8.51E+02 5
Dibenzothiophene PAH 4.49 3.09E+04 1.52E+03 1.766 2.69E+03 1.334 2.03E+03 X 1
Dibutyltin Organotin NA NA NA NA NA NA NA 2
Dieldrin Pesticide 5.16 1.45E+05 4.92E+03 4.188 2.06E+04 3.873 1.90E+04 X 1
Endosulfan Pesticide 2.23 4.10E+00 2.90E+01 1.005 2.91E+01 1.000 2.90E+01 2
Endrin Pesticide 4.56 3.63E+04 1.72E+03 1.950 3.35E+03 1.459 2.51E+03 1
Fluoranthene PAH 5.08 1.21E+05 4.27E+03 3.643 1.56E+04 3.162 1.35E+04 X 1
Fluorene PAH 4.21 1.61E+04 9.32E+02 1.380 1.29E+03 1.130 1.05E+03 X 1
Gamma-Chlordane PAH 6.00 1.00E+06 2.14E+04 10.556 2.26E+05 15.996 3.42E+05 X X 1
Gamma-Hexachlorocyclohexane Pesticide 3.61 4.07E+03 | 3.26E+02 1.103 3.60E+02 1.023 3.34E+02 X 8
Heptachlor Pesticide 5.44 2.75E+05 8.02E+03 5.502 4.41E+04 5.821 4.67E+04 X 1
Heptachlor-Epoxide Pesticide 5.40 2.51E+05 7.48E+03 5.502 4.12E+04 5.821 4.36E+04 X 1
Hexachlorobenzene Pesticide 5.66 4.57E+05 1.18E+04 7.962 9.39E+04 10.209 1.20E+05 X X 1
Indeno[1,2,3-c,d]pyrene PAH 6.72 5.27E+06 7.54E+04 14.223 1.07E+06 26.363 1.99E+06 X 1
Iron Metal NA NA NA NA NA NA NA 2
Lead Metal NA NA NA NA NA NA NA X 2
Manganese Metal NA NA NA NA NA NA NA 2
Mercury Metal NA NA NA NA NA NA NA 2
Mirex PAH 6.89 7.76E+06 1.01E+05 14.388 1.46E+06 26.669 2.71E+06 X 1
Monobutyltin Organotin NA NA NA NA NA NA NA 2
Naphthalene PAH 3.36 2.27E+03 2.09E+02 1.067 2.23E+02 1.014 2.12E+02 X 1
Nickel Metal NA NA NA NA NA NA NA X 2
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Table 1. Summary of Compounds Routinely Analyzed for by NOAA and USEPA and Calculated Trophic Level BAFs
(continued).

Trohic Level 3| Trohic Level 3| Trohic Level 4 [ Trohic Level 4

Analyte Class | Log Kow Kow BCF* FCM BAF FCM BAF Carcinogen| Mutagen | Teratogen | Reference
Oxychlordane Pesticide 2.60 3.98E+02 5.57E+01 1.028 5.73E+01 1.007 5.61E+01 6
PCB101/90 PCB 6.64 4.37E+06 6.55E+04 13.980 9.16E+05 25.645 1.68E+06 X 3
PCB105 PCB 6.91 8.13E+06 1.05E+05 14.388 1.51E+06 26.669 2.80E+06 X 3
PCB118 PCB 7.40 2.52E+07 2.48E+05 12.987 3.22E+06 21.038 5.21E+06 X 4
PCB128 PCB 7.02 1.05E+07 1.27E+05 14.305 1.82E+06 26.242 3.34E+06 X 3
PCB138 PCB 7.11 1.29E+07 1.49E+05 14.142 2.11E+06 25.468 3.80E+06 X 3
PCB153/132/168 PCB 6.86 7.24E+06 9.63E+04 14.388 1.39E+06 26.669 2.57E+06 X 3
PCB170/190 PCB 7.57 3.72E+07 3.34E+05 11.708 3.91E+06 16.749 5.59E+06 X 3
PCB18 PCB 5.60 3.98E+05 1.06E+04 7.096 7.53E+04 8.551 9.08E+04 X 4
PCB180 PCB 7.66 4.57E+07 3.90E+05 10.914 4.26E+06 14.388 5.62E+06 X 3
PCB187 PCB 7.47 2.95E+07 2.80E+05 21.517 6.03E+06 18.967 5.31E+06 X 3
PCB195/208 PCB 7.88 7.59E+07 5.74E+05 9.162 5.26E+06 9.840 5.65E+06 X 3
PCB206 PCB 7.88 7.59E+07 5.74E+05 9.162 5.26E+06 9.840 5.65E+06 X 3
PCB209 PCB 7.88 7.59E+07 5.74E+05 9.162 5.26E+06 9.840 5.65E+06 X 3
PCB28 PCB 5.89 7.76E+05 1.76E+04 9.716 1.71E+05 13.964 2.46E+05 X 3
PCB44 PCB 5.99 9.77E+05 2.10E+04 10.556 2.22E+05 15.996 3.36E+05 X 3
PCB52 PCB 6.08 1.20E+06 2.46E+04 11.337 2.79E+05 17.783 4.37E+05 X 3
PCB66 PCB 6.44 2.75E+06 4.62E+04 13.228 6.11E+05 23.281 1.07E+06 X 3
PCBS8/5 PCB 5.27 1.86E+05 5.96E+03 4.803 2.86E+04 4.742 2.83E+04 X 3
Pentachloroanisole Pesticide NA NA NA NA NA NA NA X

Pentachlorobenzene Pesticide 5.26 1.82E+05 5.86E+03 4.803 2.81E+04 4.742 2.78E+04 X 5
Perylene PAH 6.14 1.36E+06 2.73E+04 11.337 3.10E+05 17.783 4.86E+05 X 1
Phenanthrene PAH 4.57 3.72E+04 1.75E+03 1.950 3.41E+03 1.459 2.55E+03 1
Pyrene PAH 4.92 8.36E+04 3.23E+03 2.780 8.98E+03 2.193 7.08E+03 X 1
Selenium Metal NA NA NA NA NA NA NA 2
Silicon Metal NA NA NA NA NA NA NA 2
Silver Metal NA NA NA NA NA NA NA 2
Tetrabutyltin Organotin NA NA NA NA NA NA NA 2
Tin Metal NA NA NA NA NA NA NA 2
Total butyltins Organotin NA NA NA NA NA NA NA 2
Total chlordanes Pesticide 5.50 3.16E+05 8.91E+03 6.266 5.58E+04 7.079 6.31E+04 X X 6
Total DDT Pesticide 6.19 1.55E+06 2.98E+04 12.064 3.60E+05 19.907 5.93E+05 X X 1
Total dieldrin Pesticide 4.60 3.98E+04 1.85E+03 1.950 3.60E+03 1.459 2.69E+03 X 6,2
Total PAH PAH 5.98 9.55E+05 2.06E+04 9.716 2.01E+05 13.964 2.88E+05 X 1
Total PAHhmw (4 or more rings) PAH 5.98 9.55E+05 2.06E+04 9.716 2.01E+05 13.964 2.88E+05 X 1
Total PAHImw (2-3 rings) PAH 5.98 9.55E+05 2.06E+04 9.716 2.01E+05 13.964 2.88E+05 X 1
Trans-Nonachlor Pesticide 5.70 5.01E+05 1.26E+04 7.962 1.01E+05 10.209 1.29E+05 X 6
Tributyltin Organotin NA NA NA NA NA NA NA 2
Zinc Metal NA NA NA NA NA NA NA 2

logBCF=(0.76)(logKow)-(0.23)
BAF = (BCF)(FCM) NA=not available
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Table 1. Summary of Compounds Routinely Analyzed for by NOAA and EPA and Calculated
Trophic Level BAFs (continued).
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Table 2. Multiplication Factors for Elements Present in Soil for Estimating Plant Concentrations
in the Vegetative and Non-Vegetative Portions of the Plant™.

Element Vegetative | Non-Vegetative
Hafnium (Hf) 0.0035 0.0009
Tantalum (Ta) 0.0100 0.0025
Tungsten (W) 0.0450 0.0100
Rhenium (Re) 1.5000 0.3500
Osmium (Os) 0.0150 0.0035
Iridium (Ir) 0.0550 0.0150
Platinum (Pt) 0.0950 0.0250
Gold (Au) 0.4000 0.1000
Mercury (Hg) 0.9000 0.2000
Thallium (T1) 0.0040 0.0004
Lead (Pb) 0.0450 0.0090
Bismuth (Bi) 0.0350 0.0050
Polonium (Po) 0.0025 0.0004
Astatine (At) 1.0000 0.1500
Francium (Fr) 0.0300 0.0300
Radium (Ra) 0.0150 0.1500
Lanthanum (La) 0.0100 0.0040
Cerium (Ce) 0.0100 0.0040
Prasiodimium (Pr) 0.0100 0.0040
Neodymium (Nd) 0.0100 0.0040
Promethium (Pm) 0.0100 0.0040
Samarium (Sm) 0.0100 0.0040
Europium (Eu) 0.0100 0.0040
Gadolinium (Gd) 0.0100 0.0040
Terbium (Th) 0.0100 0.0040
Dysprosium (Dy) 0.0100 0.0040
Holmium (Ho) 0.0100 0.0040
Erbium (Er) 0.0100 0.0040
Thulium (TM) 0.0100 0.0040
Ytterbium (Yb) 0.0100 0.0040
Lutetion (Lu) 0.0100 0.0040
Actinium (Ac) 0.0035 0.0004
Thorium (Th) 0.0010 0.0001
Protactinium (Pa) 0.0025 0.0003
Uranium (U) 0.0085 0.0040
Neptunium (Np) 0.1000 0.0100
Plutonium (Pu) 0.0005 0.00005
Americium (Am) 0.0055 0.0003
Curium (Cu) 0.0009 0.00002

1. Source: Baes, C.F., Sharp, R.D., Sjoreen, A.L., and Shor, R.W. (1984). A Review and
Analyses of Parameters for Assessing transport of Environmentally Released Radionuclide’s
through Agriculture. Oakridge National Laboratory. Managed by Martin Marietta Systems, INC.
for the U.S. Department of Energy.
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An alternative model has been proposed by Jager (1998), which is currently being recommended
by USEPA for determining the BCF in earthworms (Connell and Markwell 1990; Sample et al.
1997). The model is based on the theory that bioconcentration in earthworms is governed by
thermodynamic partitioning between surrounding water and the water and lipid phases inside the
organism (Eq 15). For risk assessment the equations below can be used to predict BCFs for
chemicals taken up by earthworms in the Logio Kow range of zero to eight. Tables 3-5 are based
on the Jager (1998) model.

Cworm:wawa Eq 3
Cworm=concentration in worm (mg/kg dry weight)
Kww=Dbiota to soil water partitioning coefficient (L soil pore water/kg ww tissue)
Cw=concentration in soil pore water (mg/L)
Jager (1998) derived the following equations for determining Ky, and C,,.

Logio (Kww)=0.87 x L0og10(Kow) - 2.0

CW:CS/Kd

Cs=concentration in soil (mg/kg soil)
Kg=soil to water partitioning coefficient (L soil pore water/kg dw soil)

For non-ionic organic compounds, Kq may be estimated using the following equation.
Ka=Foc % Ko

Foc = fraction of organic carbon in soil (kg organic carbon/kg soil)
Koc = soil organic carbon to water partitioning coefficient
(volume soil pore water (L)/kg organic carbon)

We are recommending using Eg. 2 as the default if insufficient information is available. If the
chemical is listed in Tables 1-3, utilize the equations to estimate tissue concentrations. Tables 1-3
were taken from the Ecological Soil Screening Levels Attachment 4-1 (2005), which is updated
periodically as new information becomes available and is available through the ECOTOX
database (http://cfpub.epa.gov/ecotox/). When sufficient data are available, and then utilize Eq. 3
to estimate the earthworm concentrations.
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Table 3. Uptake Equations for Inorganic Compounds for Plants, Earthworms, and Small

Mammals.
Soil to Plants Soil to Earthworms Soil to Small Mammals

Analyte Equation Source Equation Source Equation Source
Antimony  |In(C;) =0938 * In(C) - 3233 a |C.=C, g |Cu=0001%50%C, f
Arsenic C,=003752* C, b |ln(C.)=0.706 *1n(C,) - 1. 421 e |In(C,)=08188 *In(C)-4.8471 d
Barmm C,=0.156*C, b |C=0091%C, ¢ |Cp=0.00015*50%C, f
Beryllum  |In(C;) =0.7345 * In(C,) - 0.5361 h |C,=0045%C, ¢ |Cup=0.001%50%C, f
Cadmium  |In(Cp) =0.546* In(C) - 0475 b |ln(Cy)=0.795*1n(C) +2.114 e |In(Cy)=04723*In(C)-1.2571 d
Chrommum  |C,=0.041*C, b |C.=0306%C, e |[In{C,)=07338*In(C,) - 14599 d
Cabalt C,=00075*C, b |C=0122%*C, ¢ |In(Cy)=1307*In(C,) - 44669 d
Copper In(C;) =0.394 * In(C,) + 0.668 b |C,=0515*%C, e |In(Cy)=0.1444 * In(C)) +2.042 d
Lead In(C;)=0.561*In(C,) - 1328 b [In(C)=0.807 *In(C,) - 0.218 e [In(Cy)=0.4422 * In(C)+0.0761 d
Manganese |C,=0.079*C, b |In(Cg)=0.682 * In(C,) - 0.809 e |Cp=00205%C, d
Nickel In(C;) =0.748 * In(C,) - 2.223 b |C,=1039%C, e |In(Cy)=04658 * In(C) - 0.2462 d
Selenium  |In(C;) =1.104 * In(C,) - 0.677 b |ln(C.)=0.733*1n(C)-0.075 e |In(Cy)=03764 *In(C)- 04158 d
Silver C,=0014%C, b |C,=2045%C, ¢ |C,=0004%C, d
Vanadium | C,= 0.00485* C, b |C,=0042%C, ¢ |[Cp=00123*C, d
Zine In(C;)=0.554 * In(C,) + 1.575 b |ln(C.)=0328*1n(C)+4449 e |In(Cy)=00706 * In(C,) + 43632 d
Source: Abbreviations:
3. Regresston derived from measured data [Appendix A] C,= Concentration in seil (mg/kg)
b. Bechtel-Jacobs 1998 C; = Concentration in plant tissue (mg'kg dry weight)
¢. Sample et al. 1998b C,= Concentration in earthworm (mg/'kg dry weight)
d. Sample ef al. 19982 C,= Concentration in small mammal tissue (mg'kg dry weight)
e. Samgple et al. 1999 Cy=Concenfration in diet (mg/kg dry weight)
f Baesetal 1984 where small mammal diet is assumed to be 100% earthworms
7. Assumed

b Regression derived from measured data [Appendix A).
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Table 4. Parameters Used in Calculating Earthworm BAFs for Selected Organic Compounds.

K. octanol to water

o

- water 1o soll

K soil to water

partitioning cosfficient K, worn to soil water paritioning coefficient K. orzanic carhon partinoning coefficient pﬁn‘j_‘_jn::ljﬂg Sail o

Chemical coefficient Earthworm

log K. K. Source log I-imrl . IL'"' . ) K""'! | zlope |intercept| log K. I{W" Source K“J. . BAF
(Likg worm ww) | (L/kg worm dw) {Likg soil dw)
Aranaphrhens 382 | B32E+03 | EPA 1904 1.41 1. 5TE+HI 1.61E+02 0.762 | 1.051 404 1.08E-04 estimared (a) 1.00E+02 147
Acenaphthylans 407 | 1L.17E-04 | SRC, PP 1.54 3.4TE+D] 2.1TE+2 208 | 94TE-D2 5RC,CF 0 47E+00 209
Anthracane 455 | 3.55E-04 | EPA 1204 196 2.08E+01 5.88E+02 437 | 235E-4 EFA 1994 2. 35E+02 14z
EBenzoiajanthracene 57 5.01E<05 | EPA 1808 106 9. 10E+02 5.69E+03 555 | 3.58E-D3 EFA 1994 3.5BE+03 1.59
Benzo(a)pyrens 611 | 1L.I8E=0G | EPA 1904 332 1.07E+03 1.29E+04 509 | 9.49E-03 EPA 1994 D SRE+OD3 33
Benzo{b)fluorantheane 6.2 1.38E-06 | EPA 1204 i3e 148E+03 1.55E+D4 0.762 1 103 5.78 | 5.96E+03 estimared (a) SREE+D3 160
Benzole)pyrens 644 | 2.75E-06 | SR, FP .60 4.01E+03 2.50E+D4 0.762 | 1.03 594 | 9.03E-03 estimared (a) 0 OBE+03 176
Benzo(ghijperylene - 5.01E=-06 | EPA 1223 383 §.75E+03 4. 22E+04 07621 103 .16 143E-06 estimated (a) 1.43E+04 104
Benzo(k)fluoranthene 6.2 1.38E-06 | EPA 1204 330 1 48E+03 1.55E+04 07621 103 5.78 | 5.08E+03 estimared (a) 3 96E+03 .60
Chrysane 57 5.01E=-05 | EPA 1224 106 2. 10E+02 5.69E+03 07621 103 539 | 243E-03 estimared (a) 14BE+03 110
Coronens T84 | £37E-0T7 | SEC, PP 463 4 43E+04 2.TTE+05 07621 103 5.87 7 AGE-06 estimared (a) T46E+04 372
Dibenzo{abjanthracene | 669 | 4.00E=05 | EPA 1996 3.82 5.561E+03 4.13E+04 §.25 1.79E-06 EPA 1994 1.TRE+04 13

Fluoranthene 4425 | 391E~04 | SRC, PP 23 2.03E+02 1.27E+03 2462 | 217E-04 SRC, CF 4.17E+02 ing
Fluorens 418 | 1.51E~04 | SRC, PP 64 4.33E+01 2.T1E+02 345 | 2.83E-03 SRC, CF 1.B3E+01 037
Indeno(123 cd)pyrena | 6584 | 3.84E-04 | SRC, PP 373 5.35E+03 3.34E+04 0.762 | 1.0%5 6.07 1.1TE~D6 estimared (a) 1.1TE+04 186
Maphrhalens 336 | 2.29E-03 | EPA 19246 08z 8.38E+00 5.24E+01 308 1.19E+03 EPA 1994 1.18E+01 4.40
Phenanthrens 55 | 3.55E+04 | EPA 1925 1.96 2.08E+DT 5.68E+02 0.762 | 1.0%5 452 | 330E-04 estimared (a) 3.30E+02 72
Pyrene 488 | 7.59E-04 | SRC, PP 225 1.T6E+02 1.10E+03 4380 | 6.ITE-04 SRC, CF 6.2TE+O2 75
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Table 4. Parameters Used in Calculating Earthworm BAFs for Selected Organic Compounds (continued).

‘log Koy =087 * log K, - 2.0 [model from Jager, 1998]
* Converted from wet weight to dry weight assuming 16% selids (Jager, 1998)
¥ Measured E,. values from SEC Chem Fate Database or EPA, 1996 (n = 2).
If no measured K values available, values modeled based on chemieal class-specific models from Gerstl (1990
where: log K. = slope * log K, + intercept
() slope and mtercept for PAH:
: K;=f, *E_ (assumesanf_of 1%: [0.01])
"BAF= Foe (Lkg worm dw) / By (Lkg soal dw)
Source Citations:
EPA (1995) = Internal report on summary of measurad, caleulated, and recommended Log Kow values. U5, Environmental Protection Agency, Office of Water, Washington, D.C. 38 pp.
EPA (1996) = So1l Screening Guidance: Techmeal Background Document. EPA/S40/R-95/128
SEC, PP = Syracuse Research Corp. Physical Properties Database. hitp://esc_syires.com/interkow PhysProp htm
SEC, CF = Syracuse Research Corp. Chem Fate Database. http:/arww syrres.com/esc/chemfate htm
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Table 5. Equations for Calculating Uptake into Plants, Earthworms, and Small Mammals.

Soil to Plants

Soil to Earthworms

Soil to Small Mammals

Chemical Eguation Source Equation Source Equation Source
Non-PAH:

Dhieldrin Co=041%C; a  |In(Co= 08756 * Wn(C;) + 2.2757 2 |In(Cy)= 06076 = In(Cyq) + 1.9582 a
DDT, DDD and DDE Combined  |In{C = 0.7524 * In(C) - 2.5115 B (In(CJ=0.8561 * In(C) + 2.1287 b |m(C.=0.663 * In(C;) - 2.3833 b
oOT Net Available In(C.= 0.868% * In(C,) + 2.1247 b |InfCu=0.7254 * In(Cyq) +~ 11788 b
DDD Not A In(Co= 0.6975 * In(C;) + 1.1613 b Ner dvailable

DDE Not A In{C. )= 0.8804 * In(C;) + 24771 b |InfCoi= 0.641% In{Cy) + 3.6401 b
THT Cp=423%C; c Not 4 I Cp=10 f
RDX C,=043%C, e Not Availabl C.=10 £
PAH:=

Acenaphthene In{iC )= -0.8556 * In(C;) - 5.562 d |C=147*C e [Cp=0 f
Acenaphtlylens () =0.791 * IniC;) -1.144 g |C,=228*C & Cp=0 f
Anthracens In(C)=0.7784 * In(C,) - 0.9887 d |C,=242*C e Co=0 f
Benzoiajanthracena In{C )= 0.5944 = In(C} - 2.7073 d [C,=158*C e |C.=0 f
Benzolz)pyrens In{C)= 09730 * IniC;) - 2.0615 d C,=133*( e Co=10 f
Benzo(bifluoranthene Co=0310*%C; c C,=2.60*C & Co=0 f
Benzolelpirane Cp=015*C; c C,=2T76*C g Ce.=0 f
Benzo(ghijparylens In{Cp)=1.1829 = Ini(C;} - 0.9313 d C, =294+ e Co=10 f
Benzoik)flnoranthans In{C )= 0.8595 = In(C,} - 2.1579 d [C,=260%C e |C.=0 f
Chrysene In{C,)=0.5944 * In(C]) - 2.7078 d |C,=225+C e |Ce=0 £
Coronsne Co=088*C; o [Co=372%C; g |Cp=0 f
Dihenz(zhjanthracens Cp=013%C; e |C,=231%C; e [Cp=0 f
Fluoranthene C,=030*C, e |C.=304%C e [Ca=0 f
Fluorena In{C_J=-0.8556 * In(C) - 5.562 d [C,=957+%C e |C.=0 f
Indenol(123 edipyrene C.=011*C; C C,=286*C & C=0 f
IMaphthalene Co=122%C; c Co=4.40*C & Co=0 f
Fhenanthrens In(C)=0.6203 * In(C,) - 0.1663 d T, =171%C e [Cp=0 f
Fyrene Cp=0T1%C, e |C=175%C e [Cp=0 f
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Table 5. Equations for Calculating Uptake into Plants, Earthworms, and Small Mammals (continued).

Source:

a. Regression denived from measured data [Appendix E]. Abbreviations:

b. Fegression derved from measured data [Appendix D). C, = Concentration in soil {(mgkg)

c. Median BAF caleulated from measured data [Appendix C]. Cp= Concentration m plant tissue (mg/kg dry weight)

d. Fegression derrved from measured data [Appendix C]. C, = Concenmration in earthwonm (mg'kg dry weight)

e. Modeled from K, based on Jager (1998) [Table 3]. = Concentration i small mammal or bird tissue (mg'kg dry weight)

f Assumed to be neghgible C;=Concentration in diet (mg'kg dw) where diet is assumed to be 100% earthwomus.

L]

. Medeled using the ninsed PAH-specific equation [Figure 3]

Soil to Plants Soil to Earthworms Soil to Small Mammals
Chemical Equation Source Equation Source Equation Source
Pentachlorophenol £, =593 *C, a In{C)=03308 * In(C,) + 5.5463 b |C,=000432*C;+ 0198 c
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1.3 USEPA Environmental Response Team SOPs

1.3.1 General Field Sampling Guidelines (USEPA-Environmental Response Team)
SOP#: 2001

DATE:08/11/94

REV. #:0.0

Scope and Application: The purpose of this SOP is to provide general field sampling guidelines
that will assist personnel in choosing sampling strategies, location, and frequency for proper
assessment of site characteristics. This SOP is applicable to all field activities that involve
sampling. These are standard (i.e., typically applicable) operating procedures that may be varied
or changed as required depending on site conditions, equipment limitations, and limitations
imposed by the procedure. In all instances, the ultimate procedures employed should be
documented and reported. Mention of trade names or commercial products does not constitute
USEPA endorsement or recommendation for use.

Method Summary: Sampling is the selection of a representative portion of a larger population,
universe, or body. Through examination of a sample, the characteristics of the larger body from
which the sample was drawn can be inferred. In this manner, sampling can be a valuable tool for
determining the presence, type, and extent of contamination by hazardous substances in the
environment. The primary objective of all sampling activities is to characterize a hazardous
waste site accurately so that its impact on human health and the environment can be properly
evaluated. It is only through sampling and analysis that site hazards can be measured and the job
of cleanup and restoration can be accomplished effectively with minimal risk. The sampling
itself must be conducted so that every sample collected retains its original physical form and
chemical composition. In this way, sample integrity is assured, quality assurance standards are
maintained, and the sample can accurately represent the larger body of material under
investigation.

The extent to which valid inferences can be drawn from a sample depends on the degree to
which the sampling effort conforms to the project’s objectives. For example, as few as one
sample may produce adequate, technically valid data to address the project’s objectives. Meeting
the project’s objectives requires thorough planning of sampling activities, and implementation of
the most appropriate sampling and analytical procedures. These issues will be discussed in this
procedure.

Sample Preservation, Containers, Handling, and Storage: The amount of sample to be collected,
and the proper sample container type (i.e., glass, plastic), chemical preservation, and storage
requirements are dependent on the matrix being sampled and the parameter(s) of interest. Sample
preservation, containers, handling, and storage for air and waste samples are discussed in the
specific SOPs for air and waste sampling techniques.

Interferences and Potential Problems: The nature of the object or materials being sampled may
be a potential problem to the sampler. If a material is homogeneous, it will generally have a
uniform composition throughout. In this case, any sample increment can be considered
representative of the material. On the other hand, heterogeneous samples present problems to the
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sampler because of changes in the material over distance, both laterally and vertically. Samples
of hazardous materials may pose a safety threat to both field and laboratory personnel. Proper
health and safety precautions should be implemented when handling this type of sample.
Environmental conditions, weather conditions, or non-target chemicals may cause problems and
interferences when performing sampling activities or when sampling for a specific parameter.
Refer to the specific SOPs for sampling techniques.

Equipment/Apparatus: The equipment/apparatus required to collect samples must be determined
on a site specific basis. Due to the wide variety of sampling equipment available, refer to the
specific SOPs for sampling techniques, which include lists of the equipment/apparatus required
for sampling.

Reagents: Reagents may be utilized for preservation of samples and for decontamination of
sampling equipment. The preservatives required are specified by the analysis to be performed.
Decontamination solutions are specified in ERT SOP #2006, Sampling Equipment
Decontamination.

Procedure: Types of Samples: In relation to the media to be sampled, two basic types of samples
can be considered: the environmental sample and the hazardous sample. Environmental samples
are those collected from streams, ponds, lakes, and wells; there are offsite samples that are not
expected to be contaminated with hazardous materials. They usually do not require the special
handling procedures typically used for concentrated wastes. However, in certain instances,
environmental samples can contain elevated concentrations of pollutants and in such cases would
have to be handled as hazardous samples. Hazardous or concentrated samples are those collected
from drums, tanks, lagoons, pits, waste piles, fresh spills, or areas previously identified as
contaminated, and require special handling procedures because of their potential toxicity or
hazard. These samples can be further subdivided based on their degree of hazard; however, care
should be taken when handling and shipping any wastes believed to be concentrated regardless
of the degree.

The importance of making the distinction between environmental and hazardous samples is two-
fold:
(1) Personnel safety requirements: Any sample thought to contain enough hazardous
materials to pose a safety threat should be designated as hazardous and handled in a manner
which ensures the safety of both field and laboratory personnel.
(2) Transportation requirements: Hazardous samples must be packaged, labeled, and
shipped according to the International Air Transport Association Dangerous Goods
Regulations or Department of Transportation (DOT) regulations and USEPA guidelines.

Sample Collection Techniques: In general, two basic types of sample collection techniques are
recognized, both of which can be used for either environmental or hazardous samples.

Grab Samples: A grab sample is defined as a discrete aliquot representative of a specific

location at a given point in time. The sample is collected all at once at one particular point in the
sample medium. The representativeness of such samples is defined by the nature of the materials
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being sampled. In general, as sources vary over time and distance, the representativeness of grab
samples will decrease.

Composite Samples: Composites are nondiscrete samples composed of more than one specific
aliquot collected at various sampling locations and/or different points in time. Analysis of this
type of sample produces an average value and can in certain instances be used as an alternative
to analyzing a number of individual grab samples and calculating an average value. It should be
noted, however, that compositing can mask problems by diluting isolated concentrations of some
hazardous compounds below detection limits. Compositing is often used for environmental
samples and may be used for hazardous samples under certain conditions. For example,
compositing of hazardous waste is often performed after compatibility tests have been completed
to determine an average value over a number of different locations (group of drums). This
procedure generates data that can be useful by providing an average concentration within a
number of units, can serve to keep analytical costs down, and can provide information useful to
transporters and waste disposal operations. For sampling situations involving hazardous wastes,
grab sampling techniques are generally preferred because grab sampling minimizes the amount
of time sampling personnel must be in contact with the wastes, reduces risks associated with
compositing unknowns, and eliminates chemical changes that might occur due to compositing.

Types of Sampling Strategies: The number of samples that should be collected and analyzed
depends on the objective of the investigation. There are three basic sampling strategies: random,
systematic, and judgmental sampling. Random sampling involves collection of samples in a
nonsystematic fashion from the entire site or a specific portion of a site. Systematic sampling
involves collection of samples based on a grid or a pattern that has been previously established.
When judgmental sampling is performed, samples are collected only from the portion(s) of the
site most likely to be contaminated. Often, a combination of these strategies is the best approach
depending on the type of the suspected/known contamination, the uniformity and size of the site,
the level/type of information desired, etc.

Quality Analysis Work Plans (QAWP): A QAWP is required when it becomes evident that a
field investigation is necessary. It should be initiated in conjunction with, or immediately
following, notification of the field investigation. This plan should be clear and concise and
should detail the following basic components, with regard to sampling activities:

1. Objective and purpose of the investigation.

2. Basis upon which data will be evaluated.

3. Information known about the site including location, type and size of the facility, and
length of operations/abandonment.

4. Type and volume of contaminated material, contaminants of concern (including
concentration), and basis of the information/data.

5. Technical approach including media/matrix to be sampled, sampling equipment to be
used, sample equipment decontamination (if necessary), sampling design and rationale,
and SOPs or description of the procedure to be implemented.

6. Project management and reporting, schedule, project organization and responsibilities,
manpower and cost projections, and required deliverables.

7. QA objectives and protocols including tables summarizing field sampling and QA/QC
analysis and objectives.
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Note that this list of QAWP components is not all inclusive and that additional elements may be
added or altered depending on the specific requirements of the field investigation. It should also
be recognized that although a detailed QAWP is quite important, it may be impractical in some
instances. Emergency responses and accidental spills are prime examples of such instances
where time might prohibit the development of site-specific QAWPs prior to field activities. In
such cases, investigators would have to rely on general guidelines and personal judgment, and
the sampling or response plans might simply be a strategy based on preliminary information and
finalized on site. In any event, a plan of action should be developed, no matter how concise or
informal, to aid investigators in maintaining a logical and consistent order to the implementation
of their task.

Legal Implications: The data derived from sampling activities are often introduced as critical
evidence during litigation of a hazardous waste site cleanup. Legal issues in which sampling data
are important may include cleanup cost recovery, identification of pollution sources and
responsible parties, and technical validation of remedial design methodologies. Because of the
potential for involvement in legal actions, strict adherence to technical and administrative SOPs
is essential during both the development and implementation of sampling activities. Technically
valid sampling begins with thorough planning and continues through the sample collection and
analytical procedures. Administrative requirements involve thorough, accurate documentation of
all sampling activities. Documentation requirements include maintenance of a chain of custody,
as well as accurate records of field activities and analytical instructions. Failure to observe these
procedures fully and consistently may result in data that are questionable, invalid and
indefensible in court, and the consequent loss of enforcement proceedings.

Calculations: Refer to the specific SOPs for any calculations which are associated with
sampling techniques.

QA/QC: Refer to the specific SOPs for the type and frequency of QA/QC samples to be
analyzed, the acceptance criteria for the QA/QC samples, and any other QA/QC activities which
are associated with sampling techniques.

Data Validation: Refer to the specific SOPs for data validation activities that are associated with
sampling techniques.

Health and Safety: When working with potentially hazardous materials follow USEPA, OSHA,
and corporate health and safety procedures.
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1.3.2 Sampling Equipment Decontamination (USEPA - Environmental Response Team)

SOP#: 2006
DATE:08/11/94
REV.#:0.0

Scope and Application: The purpose of this SOP is to provide a description of the methods used
for preventing, minimizing, or limiting cross-contamination of samples due to inappropriate or
inadequate equipment decontamination and to provide general guidelines for developing
decontamination procedures for sampling equipment to be used during hazardous waste
operations as per 29 Code of Federal Regulations (CFR) 1910.120. This SOP does not address
personnel decontamination.

These are standard (i.e., typically applicable) operating procedures that may be varied or changed
as required depending on site conditions, equipment limitation, or limitations imposed by the
procedure. In all instances, the ultimate procedures employed should be documented and
reported.

Mention of trade names or commercial products does not constitute USEPA endorsement or
recommendation for use.

Method Summary: Removing or neutralizing contaminants from equipment minimizes the
likelihood of sample cross contamination, reduces or eliminates transfer of contaminants to clean
areas, and prevents the mixing of incompatible substances.

Gross contamination can be removed by physical decontamination procedures. These abrasive
and non-abrasive methods include the use of brushes, air and wet blasting, and high and low
pressure water cleaning.

The first step, a soap and water wash, removes all visible particulate matter, residual oils, and
grease. This may be preceded by a steam or high-pressure water wash to facilitate residuals
removal. The second step involves a tap water rinse and a distilled/deionized water rinse to
remove the detergent. An acid rinse provides a low pH media for trace metals removal and is
included in the decontamination process if metal samples are to be collected. It is followed by
another distilled/deionized water rinse. If sample analysis does not include metals, the acid rinse
step can be omitted. Next, a high purity solvent rinse is performed for trace organics removal if
organics are a concern at the site. Typical solvents used for removal of organic contaminants
include acetone, hexane, or water. Acetone is typically chosen because it is an excellent solvent,
miscible in water, and not a target analyte on the priority pollutant list. If acetone is known to be
a contaminant of concern at a given site or if target compound list analysis (which includes
acetone) is to be performed, another solvent may be substituted. The solvent must be allowed to
evaporate completely and then a final distilled/deionized water rinse is performed. This rinse
removes any residual traces of the solvent.

The decontamination procedure described above may be summarized as follows:
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. Physical removal

. Non-phosphate detergent wash
. Tap water rinse

. Distilled/deionized water rinse
. 10% nitric acid rinse

. Distilled/deionized water rinse
. Solvent rinse (pesticide grade)

. Air dry

. Distilled/deionized water rinse

OCoOoO~NO U WN PP

If a particular contaminant fraction is not present at the site, the nine step decontamination
procedure specified above may be modified for site specificity. For example, the nitric acid rinse
may be eliminated if metals are not of concern at a site. Similarly, the solvent rinse may be
eliminated if organics are not of concern at a site. Modifications to the standard procedure should
be documented in the site specific work plan or subsequent report.

Sample Preservation, Containers, Handling, and Storage: The amount of sample to be collected
and the proper sample container type (i.e., glass, plastic), chemical preservation, and storage
requirements are dependent on the matrix being sampled and the parameter(s) of interest.

More specifically, sample collection and analysis of decontamination waste may be required
before beginning proper disposal of decontamination liquids and solids generated at a site. This
should be determined prior to initiation of site activities.

Interferences and Potential Problems: The use of distilled/deionized water commonly available
from commercial vendors may be acceptable for decontamination of sampling equipment
provided that it has been verified by laboratory analysis to be analyte free (specifically for the
contaminants of concern).

The use of an untreated potable water supply is not an acceptable substitute for tap water. Tap
water may be used from any municipal or industrial water treatment system.

If acids or solvents are utilized in decontamination they raise health and safety, and waste
disposal concerns.

Damage can be incurred by acid and solvent washing of complex and sophisticated sampling
equipment.

Equipment/Apparatus: Decontamination equipment, materials, and supplies are generally
selected based on availability. Other considerations include the ease of decontaminating or
disposing of the equipment. Most equipment and supplies can be easily procured. For example,
softwash bristle scrub brushes or long-handled bottle brushes can be used to remove
contaminants. Large galvanized wash tubs, stock tanks, or buckets can hold softwash and rinse
solutions. Children’s wading pools can also be used. Large plastic garbage cans or other similar
containers lined with plastic bags can help segregate contaminated equipment. Contaminated
liquid can be stored temporarily in metal or plastic cans or drums.
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The following standard materials and equipment are recommended for decontamination
activities:

Decontamination Solutions: Non-phosphate detergent, selected solvents (acetone, hexane,
nitric acid, etc.), tap water, distilled or deionized water.

Decontamination Tools/Supplies: Long and short handled brushes, bottle brushes, drop
cloth/plastic sheeting, paper towels, plastic or galvanized tubs or buckets, pressurized
sprayers, solvent sprayers, and aluminum foil.

Health and Safety Equipment: Appropriate personal protective equipment (i.e., safety glasses
or splash shield, appropriate gloves, aprons or coveralls, respirator, and emergency eye
wash).

Waste Disposal: Trash bags, trash containers, 55-gallon drums, and metal/plastic
buckets/containers for storage and disposal of decontamination solutions.

Reagents: There are no reagents used in this procedure aside from the actual
decontamination solutions. Table 6 lists solvent rinses which may be required for elimination
of particular chemicals. In general, the following solvents are typically utilized for
decontamination purposes: 10% nitric acid is typically used for inorganic compounds such as
metals. An acid rinse may not be required if inorganics are not a contaminant of concern.

Acetone (pesticide grade)(1)
Hexane (pesticide grade)(1)
Methanol(1)

(1)- Only if sample is to be analyzed for organics.

Procedures: As part of the health and safety plan, a decontamination plan should be developed
and reviewed. The decontamination line should be set up before any personnel or equipment
enter the areas of potential exposure. The equipment decontamination plan should include:

The number, location, and layout of decontamination stations.
Decontamination equipment needed.

Appropriate decontamination methods.

Methods for disposal of contaminated clothing, equipment, and solutions.

Procedures can be established to minimize the potential for contamination. This may include: (1)
work practices that minimize contact with potential contaminants; (2) using remote sampling
techniques; (3) covering monitoring and sampling equipment with plastic, aluminum foil, or
other protective material; (4) watering down dusty areas; (5) avoiding laying down equipment in
areas of obvious contamination; and (6) use of disposable sampling equipment.

95



Table 6. Soluble Contaminants and Recommended Solvent Rinse.

Solvent Examples of Solvents Soluble Contaminants
Water Deionized water Low-chain hydrocarbons
Tap water Inorganic compounds
Salts
Some organic acids and other polar
compounds
Dilute acids Nitric acid Basic (caustic) compounds (e.g., amines
Acetic acid and hydrazines)
Boric acid
Dilute bases Sodium bicarbonate (e.g.,  Acidic compounds

Organic solvents®

Organic solvent®

soap detergent)

Alcohols

Ethers

Ketones

Aromatics

Straight chain alkalines
(e.g., hexane)
Common petroleum
products (e.qg., fuel, oil,
kerosene

Hexane

Phenol
Thiols
Some nitro and sulfonic compounds

Nonpolar compounds (e.g., some
organic compounds

PCBs

- Material safety data sheets are required for all decontamination solvents or solutions as required

by the hazard communication standard
- WARNING: Some organic solvents can permeate and/or degrade the protective clothing
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Decontamination Methods: All samples and equipment leaving the contaminated area of a site
must be decontaminated to remove any contamination that may have adhered to equipment.
Various decontamination methods will remove contaminants by: (1) flushing or other physical
action, or (2) chemical complexing to inactivate contaminants by neutralization, chemical
reaction, disinfection, or sterilization. Physical decontamination techniques can be grouped into
two categories: abrasive methods and non-abrasive methods, as follows:

Abrasive Cleaning Methods: Abrasive cleaning methods work by rubbing and wearing away the
top layer of the surface containing the contaminant. The mechanical abrasive cleaning methods
are most commonly used at hazardous waste sites. The following abrasive methods are available:

Mechanical: Mechanical methods of decontamination include using metal or nylon
brushes. The amount and type of contaminants removed will vary with the hardness of
bristles, length of time brushed, degree of brush contact, degree of contamination, nature
of the surface being cleaned, and degree of contaminant adherence to the surface.

Air Blasting: Air blasting equipment uses compressed air to force abrasive material
through a nozzle at high velocities. The distance between nozzle and surface cleaned, air
pressure, time of application, and angle at which the abrasive strikes the surface will
dictate cleaning efficiency. Disadvantages of this method are the inability to control the
amount of material removed and the large amount of waste generated.

Wet Blasting: Wet blast cleaning involves use of a suspended fine abrasive. The
abrasive/water mixture is delivered by compressed air to the contaminated area. By using
a very fine abrasive, the amount of materials removed can be carefully controlled.

Non-Abrasive Cleaning Methods: Non-abrasive cleaning methods work by forcing the
contaminant off a surface with pressure. In general, the equipment surface is not removed using
non-abrasive methods.

Low-Pressure Water: This method consists of a container that is filled with water. The
user pumps air out of the container to create a vacuum. A slender nozzle and hose allow
the user to spray in hard-to-reach places.

High-Pressure Water: This method consists of a high-pressure pump, an operator
controlled directional nozzle, and a highpressure hose. Operating pressure usually ranges
from 340 to 680 atmospheres (atm) and flow rates usually range from 20 to 140 liters per
minute.

Ultra-High-Pressure Water: This system produces a water jet that is pressured from
1,000 to 4,000 atmospheres. This ultra-high-pressure spray can remove tightly-adhered
surface films. The water velocity ranges from 500 meters/second (m/s) (1,000 atm) to
900 m/s (4,000 atm). Additives can be used to enhance the cleaning action.

Rinsing: Contaminants are removed by rinsing through dilution, physical attraction, and
solubilization.
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Damp Cloth Removal: In some instances, due to sensitive, non-waterproof equipment or
due to the unlikelihood of equipment being contaminated, it is not necessary to conduct
an extensive decontamination procedure. For example, air sampling pumps hooked on a
fence, placed on a drum, or wrapped in plastic bags are not likely to become heavily
contaminated. A damp cloth should be used to wipe off contaminants that may have
adhered to equipment through airborne contaminants or from surfaces upon which the
equipment was set.

Disinfection/Sterilization: Disinfectants are a practical means of inactivating infectious
agents. Unfortunately, standard sterilization methods are impractical for large equipment.
This method of decontamination is typically performed offsite.

Field Sampling Equipment Decontamination Procedures: The decontamination line is setup so
that the first station is used to clean the most contaminated item. It progresses to the last station
where the least contaminated item is cleaned. The spread of contaminants is further reduced by
separating each decontamination station by a minimum of one meter. Ideally, the contamination
should decrease as the equipment progresses from one station to another farther along in the line.

A site is typically divided up into the following boundaries: hot zone or exclusion zone, the
contamination reduction zone (CRZ), and the support or safe zone. The decontamination line
should be setup in the contamination reduction corridor (CRC) which is in the CRZ. Figure 1
shows a typical contaminant reduction zone layout. The CRC controls access into and out of the
exclusion zone and confines decontamination activities to a limited area. The CRC boundaries
should be conspicuously marked. The far end is the hotline, the boundary between the exclusion
zone and the contamination reduction zone. The size of the decontamination corridor depends on
the number of stations in the decontamination process, overall dimensions of the work zones, and
amount of space available at the site. Whenever possible, it should be a straight line.

Anyone in the CRC should be wearing the level of protection designated for the decontamination
crew. Another corridor may be required for the entry and exit of heavy equipment. Sampling and
monitoring equipment and sampling supplies are all maintained outside of the CRC. Personnel
don their equipment away from the CRC and enter the exclusion zone through a separate access
control point at the hotline. One person (or more) dedicated to decontaminating equipment is
recommended.

Decontamination Setup: Starting with the most contaminated station, the decontamination setup
should be as follows:

Station 1: Segregate Equipment Drop

Place plastic sheeting on the ground (Figure 2). Size will depend on amount of
equipment to be decontaminated. Provide containers lined with plastic if equipment is to
be segregated. Segregation may be required if sensitive equipment or mildly
contaminated equipment is used at the same time as equipment that is likely to be
heavily contaminated.
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Figure 1. Contamination Reduction Zone Layout.
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Station 2: Physical Removal with a High-Pressure Washer (Optional)

A high-pressure wash may be required for compounds that are difficult to remove by
washing with brushes. The elevated temperature of the water from the high-pressure
washers is excellent at removing greasy/oily compounds. High pressure washers require
water and electricity.

A decontamination pad may be required for the high- pressure wash area. An example of
a wash pad may consist of an approximately a half meter deep basin lined with plastic
sheeting and sloped to a sump at one corner. A layer of sand can be placed over the
plastic and the basin is filled with gravel or shell. The sump is also lined with visqueen
and a barrel is placed in the hole to prevent collapse. A sump pump is used to remove
the water from the sump for transfer into a drum.

Typically heavy machinery is decontaminated at the end of the day unless site sampling
requires that the machinery be decontaminated frequently. A separate decontamination
pad may be required for heavy equipment.

Station 3: Physical Removal With Brushes and a Wash Basin
Prior to setting up Station 3, place plastic sheeting on the ground to cover areas under
Station 3 through Station 10.

Fill a wash basin, a large bucket, or child’s swimming pool with non-phosphate
detergent and tap water. Several bottle and bristle brushes to physically remove
contamination should be dedicated to this station. Approximately 38 — 189 liters of
water may be required initially depending upon the amount of equipment to
decontaminate and the amount of gross contamination.

Station 4: Water Basin

Fill a wash basin, a large bucket, or child’s swimming pool with tap water. Several
bottle and bristle brushes should be dedicated to this station. Approximately 38 — 189
liters of water may be required initially depending upon the amount of equipment to
decontaminate and the amount of gross contamination.

Station 5: Low-Pressure Sprayers

Fill a low-pressure sprayer with distilled/deionized water. Provide a 5-gallon bucket or
basin to contain the water during the rinsing process. Approximately 38 — 76 liters of
water may be required initially depending upon the amount of equipment to
decontaminate and the amount of gross contamination.

Station 6: Nitric Acid Sprayers

Fill a spray bottle with 10% nitric acid. An acid rinse may not be required if inorganics
are not a contaminant of concern. The amount of acid will depend on the amount of
equipment to be decontaminated. Provide a 5-gallon bucket or basin to collect acid
during the rinsing process.
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Station 7: Low-Pressure Sprayers
Fill a low-pressure sprayer with distilled/deionized water. Provide a 5-gallon bucket or
basin to collect water during the rinsate process.

Station 8: Organic Solvent Sprayers

Fill a spray bottle with an organic solvent. After each solvent rinse, the equipment
should be rinsed with distilled/deionized water and air dried. Amount of solvent will
depend on the amount of equipment to decontaminate. Provide a 5-gallon bucket or
basin to collect the solvent during the rinsing process.

Solvent rinses may not be required unless organics are a contaminant of concern, and
may be eliminated from the station sequence.

Station 9: Low-Pressure Sprayers
Fill a low-pressure sprayer with distilled/deionized water. Provide a 5-gallon bucket or
basin to collect water during the rinsate process.

Station 10: Clean Equipment Drop

Lay a clean piece of plastic sheeting over the bottom plastic layer. This will allow easy
removal of the plastic in the event that it becomes dirty. Provide aluminum foil, plastic,
or other protective material to wrap clean equipment.

Decontamination Procedures:

Station 1: Segregate Equipment Drop

Deposit equipment used on-site (e.g., tools, sampling devices and containers, monitoring
instruments radios, and clipboards) on the plastic drop cloth/sheet or in different
containers with plastic liners. Each will be contaminated to a different degree.
Segregation at the drop reduces the probability of cross contamination. Loose leaf
sampling data sheets or maps can be placed in plastic Ziploc bags if contamination is
evident.

Station 2: Physical Removal With a High-Pressure Washer (Optional)
Use high pressure wash on grossly contaminated equipment. Do not use high-pressure
wash on sensitive or non-waterproof equipment.

Station 3: Physical Removal With Brushes and a Wash Basin

Scrub equipment with soap and water using bottle and bristle brushes. Only sensitive
equipment (i.e., radios, air monitoring and sampling equipment) that is waterproof should
be washed. Equipment that is not waterproof should have plastic bags removed and
wiped down with a damp cloth. Acids and organic rinses may also ruin sensitive
equipment. Consult the manufacturers for recommended decontamination solutions.

Station 4: Equipment Rinse

Wash soap from equipment with water by immersing the equipment in the water while
brushing. Repeat as many times as necessary.
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Station 5: Low-Pressure Rinse
Rinse sampling equipment with distilled/deionized water with a low-pressure sprayer.

Station 6: Nitric Acid Sprayers (required only if metals are a contaminant of concern)
Using a spray bottle rinse sampling equipment with nitric acid. Begin spraying (inside
and outside) at one end of the equipment allowing the acid to drip to the other end into a
5-gallon bucket. A rinsate blank may be required at this station.

Station 7: Low-Pressure Sprayers
Rinse sampling equipment with distilled/deionized water with a low-pressure sprayer.

Station 8: Organic Solvent Sprayers

Rinse sampling equipment with a solvent. Begin spraying (inside and outside) at one end
of the equipment allowing the solvent to drip to the other end into a 5-gallon bucket.
Allow the solvent to evaporate from the equipment before going to the next station. A QC
rinsate sample may be required at this station.

Station 9: Low-Pressure Sprayers
Rinse sampling equipment with distilled/deionized water with a low-pressure washer.

Station 10: Clean Equipment Drop
Lay clean equipment on plastic sheeting. Once air dried, wrap sampling equipment with
aluminum foil, plastic, or other protective material.

Post Decontamination Procedures:

1. Collect high-pressure pad and heavy equipment decontamination area liquid and waste
and store in appropriate drum or container. A sump pump can aid in the collection
process. Refer to the DOT requirements for appropriate containers based on the
contaminant of concern.

2. Collect high-pressure pad and heavy equipment decontamination area solid waste and
store in appropriate drum or container. Refer to the DOT requirements for appropriate
containers based on the contaminant of concern.

3. Empty soap and water liquid wastes from basins and buckets and store in appropriate
drum or container. Refer to the DOT requirements for appropriate containers based on
the contaminant of concern.

4. Empty acid rinse waste and place in appropriate container or neutralize with a base and
place in appropriate drum. pH paper or an equivalent pH test is required for
neutralization. Consult DOT requirements for appropriate drum for acid rinse waste.

5. Empty solvent rinse sprayer and solvent waste into an appropriate container. Consult
DOT requirements for appropriate drum for solvent rinse waste.

6. Using low-pressure sprayers, rinse basins, and brushes. Place liquid generated from
this process into the wash water rinse container.

7. Empty low-pressure sprayer water onto the ground.
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8. Place all solid waste materials generated from the decontamination area (e.g., gloves
and plastic sheeting) in an approved DOT drum. Refer to the DOT requirements for
appropriate containers based on the contaminant of concern.

9. Write appropriate labels for waste and make arrangements for disposal. Consult DOT
regulations for the appropriate label for each drum generated from the decontamination
process.

Calculations: This section is not applicable to this SOP.

QA/QC: Arinsate blank is one specific type of quality control sample associated with the field
decontamination process. This sample will provide information on the effectiveness of the
decontamination process employed in the field. Rinsate blanks are samples obtained by running
analyte-free water over decontaminated sampling equipment to test for residual contamination.
The blank water is collected in sample containers for handling, shipment, and analysis. These
samples are treated identical to samples collected that day.

A rinsate blank is used to assess cross contamination brought about by improper
decontamination procedures. Where dedicated sampling equipment is not utilized, collect one
rinsate blank per day per type of sampling device samples to meet quality assurance objectives.

If sampling equipment requires the use of plastic tubing it should be disposed of as contaminated
and replaced with clean tubing before additional sampling occurs.

Data Validation: Results of quality control samples will be evaluated for contamination. This
information will be utilized to qualify the environmental sample results in accordance with the
project’s data quality objectives.

Health and Safety: When working with potentially hazardous materials, follow OSHA, USEPA,
corporate, and other applicable health and safety procedures.

Decontamination can pose hazards under certain circumstances. Hazardous substances may be
incompatible with decontamination materials. For example, the decontamination solution may
react with contaminants to produce heat, explosion, or toxic products. Also, vapors from
decontamination solutions may pose a direct health hazard to workers by inhalation, contact, fire,
or explosion.

The decontamination solutions must be determined to be acceptable before use. Decontamination
materials may degrade protective clothing or equipment; some solvents can permeate protective
clothing. If decontamination materials do pose a health hazard, measures should be taken to
protect personnel or substitutions should be made to eliminate the hazard. The choice of
respiratory protection based on contaminants of concern from the site may not be appropriate for
solvents used in the decontamination process.

Safety considerations should be addressed when using abrasive and non-abrasive

decontamination equipment. Maximum air pressure produced by abrasive equipment could cause
physical injury. Displaced material requires control mechanisms.
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Material generated from decontamination activities requires proper handling, storage, and
disposal. Personal protective equipment may be required for these activities.

Material safety data sheets are required for all decontamination solvents or solutions as required
by the Hazard Communication Standard (i.e., acetone, alcohol, and trisodiumphosphate).
In some jurisdictions, phosphate containing detergents (i.e., TSP) are banned.

1.3.3 General Air Sampling Guidelines (USEPA - Environmental Response Team SOPs)

GENERAL AIR 5 H?Tff, f;,gi
SAMPLING GUIDELINES M REV £ 0.0

1.0

SCOPE AND APPLICATION

This Standard Operating Procedure (SOP) provides
gmidance mn developing and mplementing sampling
plans to assess the impact of hazardous waste sites on
ambient air. It presents the Umited States
Environmental Protection Agency/Environmental
Fesponse Team's (U.5. EPAERT s) approach to air
sampling and monitoring and identifies equipment
requirements. It is not within the scope of this S0P to
provide a generic air sampling plan. Experience.
objectives, site charactenistics, and chenucal
characteristics will dictate sampling strategy. This
S0P does not address indoor air samplmg.

Two basic approaches can be used to assess ambient
air {also referred to as air pathwway assessments):
modeling snd measurements. The modeling approach
initially estimates or measures the overall site
emission rate(s) and pattemnis). Thess data are mput
ntc an appropriate air dispersion meodel, which
predicts either the maximmum or average air
concentrations at selected locations or distamces
during the time period of comcem. This owerall
modeling strategy is presented m the first three
volumes of the Air Superfund Wational Technical
Gudance Series on Air Pathway Assessments™*.
Specific applications of this soategy are presented in
several additional Air Superfund Technical Guidance
documents™.

The measurement approach mwolves actually
measuring the air impact at selected locations during
specific time periods. These measurements can be
used to document actual air impacts durnng specific
time intervals {(i.e., during cleanup operations) or to
extrapolate the probable "worst case” concentrations
at that and sinular locations over a longer time peried
than was sampled.

Thus SOP addresses 1ssues asseciated with this second
assessment strategy. This SOP also discusses the
U5, EPAERT s momtoring instruments, sir sampling
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kits, and appreach to amr sampling and menitoring at
hazardous waste sites.

These are standard (le. typically applicable)
operatng procedures which may be vaned or changed
as required. depending on site conditions, equipment
limuzations, or limitatons mposed by the procedure.
In all instances, the ultimate procedures employed
should be documented and associated with the final
TEpOIT.

Menticn of trade names or commercial products does
not  consttmte  US. EPA  endorssment or
reconunendation for use.

20 METHOD SUMMARY

Air monitoring is defined as the use of direct-reading
mmstuments and other screeming or monitoring
equipment and technigues that provide instantaneons
(real-time) data on the levels of airbome
COMAMINANES. The U.S. EPA/ERET maintains
mummerous moenitors for real-time measurements.
Examples of air monitoring equupment are hand-held
photoronization detectors (PID), flame ilocmzation
detectors (FID)., ocxygen'combustible gas detectors,
and remote optical sensors.

Air zampling is defined as those sampling and
analytical technicues that require either off- or on-site
laboratory analysiz and therefors do not provide
immediate results. Typically, air sampling cccurs
after nse of real-time air monitonng egquipment has
narrowed the number of possible contaminants and
has provided some gqualitative measurement of
contaminant concentration. Ar samplng techmgues
are used to more accurately detect. identify and
gquantify specific chemical compounds relative to the
majerity of air monitoring technologies.

In the Superfind Femowval Program, On-Scene
Coordinators (O5Cs) may request the U.S. EPAERT
to conduct air monitoring and sampling during the



following situations: emergency responses, site
assessments, and removal activities. Each of these
activities has a related air monitoring'sampling
objective that 15 used to determine the potential
hazards to workers and’or the commmmity.

C Emergency Fesponse

Emergency respenses  are  immediate
responses to a release or threatened release
of hazardous substances pressnting an
imminent danger to public health, welfare, or
the environment (ie_, chemical spills, fires,
or chemical process fatlures resulting in a
controlled release of hazardous substances).
Generally these situations require rapid on-
site mvestigation and response. A major part
of this mvestigation consists of assessing the
air impact of thess releases.

L Femoval Site Assessiment

Femoal site azsessments (referred to as site
assessments) are defined as any of several
activities undertaken to determuine the extent
of contamination at a site and which help to
formulate the approprmate response fo a
release or threatened release of hazardous
substances. These activities may include a
site inspection, multimedia sampling, and
other data collection.

L Femaoval Actions

Bemoval actions clean up or remove
hazardous substances released mto the
environment. Femoval actions include any
activity conducted to  abate, prevent
minimize, stabilize, or eliminate a threat 1o
public health or welfare, or o the
ENVITOIINED?.

Persomal msk from airbome contaminants can be
determuned by comparing the results of on-site
menitermg and sampling to health-based action levels
such as the American Conference of Governmental
Industrial Hygiemists (ACGIH) Thresheld Limut
Walues (TLVs) and the Occupational Safety and
Health Administration (OSHA) Permissible Exposure
Limits (PELs). Pesidential risk can be determined by
comparing the results of off-site monitoring or
sampling to health-based action levels such as those
developed by the Agency for Toxic Substance and

Dizease Begistry (ATSDE).

The extent to which valid mferences can be drawn
from air monitoring/sampling depends on the degree
to which the monitoring/sampling effort conforms to
the cbjectives of the event. Meeting the project’s
objectives requres thorough plamming of the
moenitormg sanpling activities, and mmplementation of
the most zppropriate momitering/sampling  and
analytical procedures. These izsues will be discussed
m this SOP.

3.0 SAMPLE PRESERVATION,
CONTAINERS, HANDLING,
AND STORAGE

Preservation, containers, handling and storage for air
samples are discussed m the specific SOPs for the
technigue selected. In addition, the analytical method
(e, US. EPA Natonal Institute for Occupational
Safety and Health [NIOSH], and OSHA Methods)
may be consulted for storage temperature, holding
times and packaging requirements. After sample
collection, the sampling media {1Le. cassettes or
fubes) are munediately sealed. The samples are then
placed inte suwitable contamers (ie., whirl bags,
resealable bagsor culture tubes) which are then placed
o @ shipping container.

Use bubble wrap or styrofoam peanuts when packing

air samples for shipment. DO NOT USE
VERMICULITE.
4.0 INTERFERENCES AND

POTENTIAL PROBLEMS

Upwind sources ecan contribute to  sample
concentration. Natural sources, such as biclogical
waste, can produce hydrogen sulfide and methane
which may contmbute to the overall contaminant level.
Exfransons anthropogenic contaminants (1.e., bumming
of fossil fuels; enmssions from vehicular traffic,
especially  diesel; wolatile compounds  from
petrochemical facilities; and effluvium fom smeke
stacks) may also conmmibute. Air sampling stations
should be strategically placed to identify conmibuting
SOUrces.

Photorsgctivity or reaction of the parameters of
concern may ccowr with nonrelated compounds [i.e.,
nirogen compounds and polyarematic hydrocarbons
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i(PAHS)]. Some sorbent media'samples should not be
exposed to light dunng or afier sampling due to
photochemical effects (1.e., PAHS).

Various environmental factors, including humidity,
temperature and pressure, also mpact the air sampling
methodology, collection efficiency and detection
limit. Since the determination of sir contanumnants is
specifically dependent on the collection parameters
and efficiencies, the collection procedure 15 an integral
part of the analytical method.

Detection linmits depend on the contammants being
mvestigated and the particular site simation. It is
important to know why the data are needed and how
the data will be used. Care should be taken to ensure
the detection limits are adeguate for the intended nse
of the final results.

Some equpment may be sensitive to mudity and
temperature extremes.

5.0 EQUIPMENT/APPARATUS

51 Direct Reading Instruments (A

Monitoring Instruments)

Thers are two general types of direct reading
mstruments:  portable  screenmg  devices  and
specialized analytical instruments. Generally all these
techmigques invelve acquiring, for a specific location or
ares, contimuous of sequential direct air concentrations
in either a real-time or semi-real-time mode. None of
thesa Instmuments aoguires e tme-weighted average
concenmatons. In addition., these instruments are not
capable of scquinmz smultansous concenfration
readings at multple locations, although several are
able to sequentially analyze samples taken remaotely
from cifferent locations. The document, "Gude to
Portable Imsmuments for Assessing Awmbome
Pollutants Ansing from Hazardous Waste Sifes™."
provides additional mformation about ar sampling
and momtoring. The hazard levels for airbome
contamunants vary. See the ACGIH TLVs and the
OSHA PELs for safe working levels. Commen
screeming devices and analytical mstnuments are
described in Appendix A

5.2  Air Sampling
Media/Devices

Equipment and

The U5 EPAERT uses the following amalytical
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methods for sampling: NIOSH Manual of Analytical
Methods™, dmerican Society for Testing and
Materials (45TM) Methods™, U5, EPA Compendium
of Methods for the Determination of Toxic Organic
Compounds  in Ambient Ap®™  and O5HA
Methods™,  Addinonal air sampling refersnces
melude Industrial Hyvgiene and Toxicology (3rd
Ed )" and Air Sampling Instruments for Evaluation
gf Atmospheric Contaminanis"®.  These methods
typically specify equpment regurements for
samplmg.  Smce alr sampling 1s such a diverse
technology, no single method or reference 1s best for
all applications. Common sampling equipment and
media/devices are described in Appendix B.

5.3  Tools/Material and Equipment
List

In addition to equipment and materials identified in
Appendices A and B, the following equipment and
materials may be required to conduct air sampling and
momitering at hazardous waste sites:

Camera

Site logbook

Clipboard

Chain of custody records
Custody seals

Air sampling worksheets
Sample labels

Small screwdniver set
Alumimum forl

Extension cords

Glass cracker

Multiple plug outlet

Whirl bags or culture tubes
Teflon tape

Calibration devices

Tygon and/or Teflon™ tubing
Surgical gloves

Lint-free gloves

Ice

Sample container

OO D O OD OD OO OD OD D OO 0D Om D O O On O m oD

Use the following additional eguipment when
decontaminating glassware on site:

L Protective equipment (i.e. gloves, splash
zoggles, ete.)

Appropnate solvent(s)

Spray bottles

Ligunox {zoap)

Paper towels
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[ Distilled/deiomizad water
C Five-gallon buckets
[ Scrub brushes and bottle brushes

6.0 EREAGENTS

Impinger sampling invelves using reagents contained
in & glass vial to absorh contaminants of concem (for
example, WIOSH Method 3500 for formaldehyde uses
1% sodiom bisulfite solution). Impmger selutions
vary and are method-dependent.

Eeagents such as acetone and hexane are required to
decontaminate glassware and some air sampling
equiptent. Decontamination solutions are specified
in the Sampling Equipment Decontamination SOP.

7.0  PROCEDURES
7.1  Air Monitoring Design
7.1.1 Initial Surveys

In general, the imitial survey is considered to be a
relatively rapid screenmg process for collecting
preliminary data at hazardous waste sites. However,
mitial surveys may require many hours to complate
and may consist of more than one enfry.

Some mformation 15 generally known about the site;
therefore, real-time instnumentation for specific
compounds (Le., detector tubes and electrochenucal
sensors) can be used to 1denntfy hot spots. Sufficient
data should be obtaimed with real-time instnuments
during the initial entry to screen the site for varous
contaminants. When warranted, intrinsically safe or
explosion-proof instruments should be used. An
orgame vapor analyzer (WA} Is rypically nsed during
this survey. These gross measurements may be used
on & preliminary basis to (1) determune levels of
persenal protection, (2) establish site work zones, and
(3) map candidate areas for more thorough qualitative
and gquantitative smdies invelving air sampling.

In some situztions, the nformation ebtained may be
sufficient to  preclude  additional memtoring.
Materizls detected during the minial survey may call
for & more comprehensive evaluation of hazards and
analyses for specific compounds. Since site activities
and weather conditiens change, a continuous program
to momtor the ambient atmosphere mmst be
established.

7.1.2  Off-Site Monitoring

Typically, perimeter menitoring with the same
msuments emploved for on-site monitoring 13
utilized to determune site boundaries. Because air is
a dynamic mamix, physical boundanes like property
lines and fenees do not necessanly delineate the site
boundary or area influenced by a release. Whenever
possible, atmospheric hazards m the areas adjacent to
the om-site zone should be monitored with direct-
reading instruments. Momitoring at the fenceline or at
varymg locations off site provides useful mformation
regarding polhitant migration. Three to four locations
downwind of the source (Le., plume) at breathing-
zone height, provide a basic fingerprint of the plume.
Negative mstrument readings off site should not be
mterpreted as the complete absence of awrborme toxic
substances; rather, they should be considered another
piece of information to assist in the prelimmary
evaluation. The interpretation of negative readings is
mstrument-dependsnt. The lack of nsmument
readings off site should not be interpreted as the
complete absence of all arbome toxic substances;
rather. it 15 possible that the particular compound or
class of compounds to which the memtoring
mstrument responds i1s not presemt or that the
concentration of the compomnd(s) is below the
mstrument's detection limmit.

7.2 Air Sampling Design
7.2.1 Sampling Plan Design

The goal of air sampling 1s to accurately assess the
mmpact of 2 contaminant source(s) on ambient air
guality. This impact is expressed in terms of overall
average and'or maximum zir concentrations for the
time peried of concemn and may be affected by the
transport and release of pollutants from both on- and
off-site sources. The location of these sources must
be taken mto zccount as they mmpact the selection of
sampling locations. Unlike soil and groundwater
concentrations, air concentrations at points of interest
can easily vary by orders of magmitude over the period
of concern. This vanability plays a major role m
designing an air sampling plan.

Dowmwind air concenration 13 detenmined by the

amount of material being released from the site into
the air (the emission rate) and by the degres that the

contamimation 15 diluted as it 15 Tansported. Local
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meteorology and topography govem  dowmwind
dilution. Contaminant emission rates can also be
heavily influenced by on-site meteorology and on-site
activities. All of these concems must be incorporated
info an air sampling plan.

A sampling strategy can be simple or complex
depending on the sampling program objectives.
Programs mvolving characterization of the pollutant
contribution from a single point source tend to be
siple, whereas sampling programs investigating fate
and mansport characteristics of components from
diverse sources require 3 mere complex sampling
strategy. In addition, resource constraints may affect
the complexity of the sampling design.

An optimal sampling srategy accounts for the
following site parameters:

L Location of stattonary as well as molbile
sources

C Analytes of concem

C Amnalytical detection linut te be achieved

C Eate of release and transport of pollutants
from sources

C Avalability of space and wutilites for
operating sampling equipment

L Meteorological monitoring data

C Meteorological condifions in which sampling

i3 to be conducted

The samplng strategy typically requires that the
concenfration of contaminants at the source or area of
concem as well as background conmibutions be
guantified. It is mmportant to establish background
levels of contaminants in order to develop a reference
point from which to evaluate the source data. Field
blanks and lot blanks, as well as various other types of
QAQC samples, can be utilized to determine other
sources. The impact of exTansous sources on
sampling results can frequently be accounted for by
placing samplers upwind, downwind and crosswind
from the subject source. The analytical data from
these different sampling locations may be compared
to determune statistical differences.

22

Sampling Objectives

The chjectives of the sampling must be determined
prior to developing the sampling plan. Does the
sampling plan verify adeguate levels of protection for
on-site persommel. or address potential off-site impacts
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associated with the site or with site activities? In
addition, the asswuptions associated with the
sampling program mmst be  defined.  These
assumptions inchude whether the sampling 13 to take
place under "typical” "worst case," or “one-time”
conditions. If the conditions present at the time of
sampling zre different from those assumed during the
development of the sampling plan, then gquality of the

data collected may be affected. The following

definitions have been established:

L Typical: routine daily sampling or routine
schedunled  sampling at  pre-established
locations.

L Worst case: sampling conducted under the

worst meteorclogical and/or site conditions
which would result m elevated ambient
COnCEnTations.

L Ome-time: only one chance 15 given to collect
a sample without regard fo fime or
conditions.

Qualitative data acquired wmder these conditions are
usually applicable only to the time penod durmg
which the data were collected and may not provide
accurate information to be used in estimating the
magnitnde of an air impact durmg other penods or
over a long time interval.

The sampling objectives alse dictate the detection
linits. Sampling methods for airbome contaminants
will depend upon the nature and state (solid, liqud or
gas) of the contammant. Gases and vapors may be
collected I agueous media or adsorbents, in
molecular sieves, or in suitable contamers.
Partculates are collected by filters or mmpactors. The
volume of sample to be collected 13 dependent upon
an estimate of the contaminant concentration in the
gir, the sensitivity of the analytical method, and the
standard or desired detection limmt A sufficient
amount of sample nmst be collected to achieve the
desmred detection linut without interference from other
contaminants. In addition, the selected methed must
be able to detect the target compound(s).

7.2.3 Location and Number of Individual
Sampling Points

Choose the number and location of sampling points
according to the vanability, or sensitivity, of the



sampling and analytical methods bemg utilized, the
variability of contammant concentration over tune at
the site, the level of precision requred and
costlomitanions. In addition, determune the mmber of
locations and placement of samplers by considering
the mnamre of fthe response, local temrain
metecrological conditions, location of the site (with
respect to other conflicting background sources), size
of the =zite, and the number, size, and relative
proxinuty of separate on-site emission sources and

upwind sources.  The following are several
considerations for sampler placement:
[ Location of potential on-site emission

sources, as identified from the review of site
background information or from preliminary
on-site inspections.

[ Location of potential off-site enussion
sourees upwind of the sampling location(s).
Eeview local wind pattemns to determune the
location of off-site sources relative to wind

direction.

[ Tepographic  feahwes that affect the
dispersion and transpert of aobome toxic
constiments.

Avoid matural obstructions when choosing air

sampling  station  locations, and  account for

chammelization around those cbstmctions.

L Large water bodies, which affect
atmospheric stability and the dispersion of
alr contaminants.

L Foadways (dirt or paved), which may
generate  dust  that could mask sie
contanunants.

L Vegetation, such as trees and shmbs, which
stabilizes soil and retards subsurface

contanunants from becomung airborne. It
alsp affects air flow and scrubs some
contammants from the air. Sometmes thick
vegetation can make an otherwise ideal air
menitoring location naccessible.

Consider the duration of sampling activities when
choosing the location and momber of samples to be
collected. For example, if the sampling peried 15
limnited to a few hours, one or two upwind and several
dewawind samples would typieally be adequate,
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especially around major emission sources.

A short-term momtonng program ranges from sew
days to a few weeks and generally includes gathe
data for site assessments, removal actions, and sor
deternunation data (for further modeling). Activ
mvolved in a short-ferm sampling sirategy must o
the most of the lmited pessibiliies for data colleci
Consider moving upwind'dovwnwingd locations d
based on Nafiomal Oceamic and Atmosplk
Admamstration (INOAA) weather forecasts. Wea
monttoring becomes critical where complex te
gnd loczl metecrological effects frequently ch:
wind direction. Often, a number of alternatives
fulfill the same chjective.

Prevailng winds numning the length of a valley usu
require & mimmmm munber of sampler locati
however, a complex valley may require mers sam
locations to account for the wide vanety of wi
Ocean/lake effects may require & radical pla
collect enough samples to reach a low detection i
Two sets of samplers may be placed next to ¢
other: one set would be activated during the sea bn
whale the other set is tumed off, and vice versa w
there 13 no sea breeze. After the sampling event
respective upwind and dowmyind samples woul
combined. Ancther altemative for sampling ne
large body of water may be to use automatic, w
vector-operated samplers. which turn the sample
only when the wind comes from a specified ve
At sites located on hillsides. wind will move don
valley and produce an upward fetch at the same
Sampling locations may have to ring the sib
measure the wind's impact.

Off-site sources may affect on-site monitoring. In
case, on-site meteorological data, comcurrent -
sampling data, 15 essential to nterpreting the acqu
data. Also, addiional upwind sampling sites ma
needed to fully characterize ambient backgre
contaminant levels. Multiple off-site sources
Tegure several monitormg locations, but if the son
gre gt a sufficlent distance, only one monito
location 15 needed.

Topography and weather are not the only factm
sampler location: the sampling sites must be se
from vandals and mishap. Secure all samp
locations to maintain chain of custody, and to pre
tampering with samples or loss of sampling w
High-vehune sampling metheds often require the
of 110 WVAC electric power. When port



generators are used, the power quality may affect
sampler operation. Also, be aware that the generators
themselves could be a potential pollution source if
therr placement 15 not carefully considered.

Air quality dispersion medels can be used to place
samplers. The models incorporate source information,
surrounding topography, and meteorological data to
predict the general distance and directions of
maximum smbient concentrations. Modeling results
should be used to select sampling locations in areas of
maximum pollutant concentrations.

7.2.4 Time, Duration and Frequency of
Sampling Events

After choosing appropriate sampling or monitoring
lzcations, deternune the sampling frequency and the
mumber of samples to be collected. The time of day,
duration and frequency of sampling events 15 govermned
by

C The effects of site activities and metecrology
O emission rates

C The diumnal effect of the meteorclogy on
dovwmrwind dispersion

C The time period(s) of concem as defined by
the objective

C The vanabality m the impact from other non-
site-related sources

C If defined, the degree of confidence needed

for either the mean or maxmmm downwind
concenirations observed

C The precision requirsments for smgle
measurements
C Cost and other logistical considerations

The duration of the removal action and the mumber of
hours per day that site work 13 conducted determune
the time, duration, and frequency of samples. Short-
term sampling programs may require daily sampling,
while long-term programs: may require 24-hour
sampling every sixth or twelfth day. If the site will be
undergoing removal activities 24 howrs a day,
contimons ar samphng may be warranted. However,
if the site activities will be condncted for only eight
hours a day, and there are no emissions likely to ocour
during the remaining 16 hours, then sampling would
be appropriate prior to the start of daily activities,
would continue duning operations, and end at the
conclusion of the daily activities. An off-peak sample
collecton can ensure that emissions are not persisting
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after the conclusion of daily cleanup activities. For
zome sites, enussions are still a factor several hours
after daily site activities have been completed
Because of the typically decreased deowmwind
dispersion in the evening, higher dewnwind
concentrations than were present during daytime site
activities may be detected. For sites where this is
possible, the sampling duration needs to be lengthened
accordimgly.

Sampling duration and flow rate dictate the velume of
air collected, and to a major degree, the detection
limit. The analytical methed selected will provide a
reference to flow rate and volume. Flow rates are
linuted to the capacity of the pumps being employed
and the contact ime required by the collection media.

The duraticn or peried of air sampling is commeonly
divided mto two categeries (1) samples collected over
& brief time pericd are referred to as "instantanscus”
or "grab"” samples and are usually collected in less
than five mimites and (2} average or integrated
samples are collected over a significantly longer
peniod of time. Integrated samples provide an average
concenfration over the entire sampling period
Integrated samples are not swted to determining
cyclical releases of contaminants because perodic or
cyclical events are averaged out by the proportionally
long sampling duration.

Air quality dispersion medels can predict the
mAXINN alr contaminant concenfration expected
from & source. The meteorological and site conditions
expected to canse the lighest concentration are known
as worst-case conditions and can be identified by
analyzing the modeling results. Depending upon the
chjective, one may sample when the model predicts
waorst-case conditions will exist.

725 Metecrological and

Physical/Chemical Considerations

A meteorological monitoring program is an integral
part of site momtering activities. Meteorological data,
which define local terrain impacts on air flow paths,
are nesded to imterpret awr concentrafion data.
Meteorclogical data may be available from an existing
station located near the site (e, at a local airport),
otherwise a station should be set up at the site. This
data will document the degree that samples acmally
were downwind and verify whether other worst-case
assumptions were met. Meteorological parameters to



be monitored are, at a numnom, wind speed, wind
direction, and sigma theta (which is the honzontal
wind direction standard deviation and an indicator of
atmesphenic stabdity). The remaming parameters
primarily affect the amoums: of a contaminant available
n the air.

L Wind Speed

When the contanunant of comcem is a
particulate, wind speed 1s cotical in
determmmg  whether the particulate wall
become airbome, the quanify of the
particulate that becomes airbome, and the
distance the particulate will travel from the
source. Wind speed alzo contributes to the
velatilization of contaminants frem liguid
SOUICES.

L Wind Dhrection

Wind direction highly influences the path of
airbome  contaminants. In addition,
variations in wind direction merease the
dispersion of pollutants from a given source.

L Atmospheric Stability

Amosphenc stability refers to the degree to

which the atmosphere fends to dampen

vertical and horizontal motion.  Stable

afmospheric conditions (1.2., evenings) result

in low dispersion, and umstable amospheric
conditions (ie., hot sunny days)
result in higher dispersion.

L Temperature

Higher temperatures increase the rate of
volatilization of orgamc and some inorganic
compounds and affect the mitial nse of
gasequs of vapor contamuinants. Therefore,
worst-case  enusston of wolatles and
semivolatiles ocecurs at the hottest time of
day, or on the hottest day.

L Humidity

High bumidity affects water-soluble
chemicals and parteulates. Humuid
conditions may dictate the sampling media
nsed to colleet the ar sample, or limit the
vohune of air sampled and thereby increase

112

the detection limit.
L Atmospheric Pressure

Migration of landfill gases through the
landfill surface and threugh suroumding soils
are govermed by changes in atmespherie
pressure. Ammospheric  pressure  will
influence uwpward migration of gaseous
contaminants from shallow aquifers mto the
basements of overlying structures.

In many cases, the transport and dispersion
of air pollutants 15 complicated by local
metecrology. Normal dinmal variations (1.2,
temperature inversions) affect dispersion of
arbome comtaminants. Terrain features can
enhance o create air inversions and can also
mfluence the path and speed of air flow,

complicating  transport  and  dispersion
patterns.
The chemucal charactenstics of =&

contanumant (Le., maleenlar weight, physical
state, vapor presswre, serodynamic size
temperature, reactive compounds, and
photodegradation) affects its behavior and
can nfluence the method nsed to sample and
analyze It.

8.0 CALCULATIONS

Vohme 15 obtamed by nulaplying the sample time m
minntes by the flow rate. Sample vohune should be
maicated on the chain of custody record. Adjustunents
for temperature and pressure differences may be
reguirad.

Eesults are usually provided in parts per nullion
{ppmy), parts per billion {pph). milligrams per cubic
meter (mg/m’) or micrograms per cubic meter (ug/m’).

Befer to the analytical method or regulatory guidelines
for other applicable caleulations.

0.0 QUALITYASSURANCE/
QUALITY CONTROL

The mannfactorer's mstructions should be reviewed
prior to msmument use. nsmurents must be nalized
mm accordance with mamufacturer's  instmctions.
Equipment checkout and calibration activities mmst



occur prier to and after menitoring and sampling and
must be documented.

0.1 QAQC Samples

QA/QC sanples provide mformation en the vanability
and wusability of envirommental sample results.
Varous QA/QC samples may be collected to detect
error. QA/QC samples are submitted with the field
samples for analysis to aud in 1dentifying the ongin of
analytical discrepancies; then a determunation can be
made a5 to how the analytical results should be nsed.
Collocated samples, background samples, field
blanks, and lot blanks are the most conumonly
collected QAQC field samples.  Performance
evaluation (PE) samples and mamx spikes provide
addifional measures of data QAQC control. QAQC
results may suggest the need for medifying sample
collection, preparation, handling, or analytical
procedures if the resultant data do mot mest site-
specific QA or data quality objectives.

9.2 Sample Documentation

All sample and monitoring activities should be
documented legibly, in mk. Amny comections or
revisions should be made by linmg through the
incomect entrv and by initialing the emor. All samples
mmst be recorded on an Air Samplmg Worksheet. A
chain of custody record must be maintained from the
time a sample is taken to the final deposition of the
sample. Custody seals demonstrate that a sample
container has not been opened or tampered with
during transport or storage of samples.

10.0 DATA VALIDATION

Eesults for QAQC samples should be evalnated for
contamunation. This infermation should be utilized to
uahfy the environmental sample results accordingly
with data quality objectives.

11.0 HEALTH AND SAFETY

Perzonal protection equipment (PPE) requirsments
identified in federal and'or state regulations and 29
Code of Federal Fegulations (CEE) 1910120 for
hazardous waste site work must be followed.

The majority of physical precautions mvolved mn air
sampling are related to the contanunant sampled.
Artention should be given when sampling in

potentially  explosive, flammable or acidic
amnospheres. Onrare occasions, the collection media
may be hazardous; for example, in the mstance where
an acidic or basic solution 15 utilized in an Impinger.

When working with potentially hazardous materials,
follow U5, EPA OSHA and corporate health and
safety procedures.
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APPENDIX A

Portable Screening Devices and Specialized Analvtical Instruments

PORTABLE SCREENING DEVICES

Where possible, a datalogger should be uszed to
mininuze the length of time required for site personnel
to be in a potentially contanunated ares. Datalogger
cable 15 avalzble from mamfachurers for linear cutput
mstruments and seme nonlinear owtput instruments.
U.5. EPA ERT/EEAC has output cables for organic
vapor analyzers (Le., HNU and OVA), tomic gas
analyzers (le, momtox) and real-time aerosol
momtors (e, FAM and mmiram).

C Total Hydrocarbon Analyzers

Total hydrocarlon analyzers used to detect a
variety of volatille organic compounds
(WOCs) at hazardous waste sites principally
employ either a photolonization detector
(PIDY or a flame 1omzation detector (FID).
Compounds are lonized by a flame or an
ultraviclet lamp. PIDs depend on the
iomzation potential of the compounds. PIDs
are sensitive to aromatic and olefinie
(unzaturated) compounds such as benzene,
tolueme, styrene, xylenes, and acetylene
Greater selectivity is possible by nsing low-
voltage lamps. The ionization potential of
individual compounds can be found in the
NIOSH Pocket Guide to Chemical Hazards.
These instruments are not compound-specific
and are typically wused as screening
mstruments. FIDs are sensitive to volatle
oTganic vaper compounds such as methane,
propanol. benzenme and tolueme.  They
respond poorly to organic compoumnds lac]r:me;
hydrocarben charactenstics.

C Omygen and Combustible Gas Indicators

Combustible Gas Indicators (CGls) provide
efficient and rehiable methods to test for
potentially explosive amospheres. CGL
meters measure the concenfration of a
flammable vapor or gas in air and presen:
these measurements as a percentage of the

11
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lower explosive linut (LEL).

The measurements are temperature-dependent. The
property of the calibration gas determines sensitivity.
LEL: for individual compounds can be found in the
NIOSH Pocket Guide to Chemical Hazards If
readings approach or exceed 10%: of the LEL, extreme
cautien should be exercized in continming the
mvestigation. If readings approach or excesd 23%
LEL. persenne] should be withdrawn immediately.

CGIs typically house an electrochemical sensor to
determine the oxygen conceniration in ambient air
Nommally, arr contzins approximately 20.9%: oxygen
by velune., Oxygen measurements are of particular
mportance for work I enclosed spaces, low-lying
areas, or in the wvicinity of accidents that have
produced heavier-than-am vapers which could displace
ambient air. The meters are calibrated for sea level
and may indicate a false negative (Le, O, content) at
higher altitudes. Since the air has been displaced by
other substances, these oxygen-deficient areas are also
prime locations for taking additional organic vapor
and combustible gas measurements. Oxygen-enriched
atmospheres increase the potential for fires by their
ability to contribute to combustion or to chemlcalh
react with flammable compounds and promote auto-
ignition.

L Toxic Atmosphers Analyzers

The toxic atmosphers analyzer is =
compound-specific nstrument, designed and
calibrated to identify and quantify a specific
compound or class of compounds mn either
gaseons of vapor form. Cross-sensifivity to
air pellutants not of interest may be lead to
erronecus results.

5. EPA/ERT has the following toxic
atmosphere analyzers: carbon monoxide,
phosgene, nitrous oxide, hydrogen cyanide,
sulfor dicxide, hydrogen sulfide, and chlerme
Zas.



Aerosol/Particulate hMomnitors

A Feal-Time AerosolParticulate Monitor
(BAM)  displays readngs for total
particulates. The mstrument employs a pulse
light enutting diode which generates a
narrew band emission in conjunction with a
photovoltaic cell to detect light scattered
from particulates.

The U5, EPA/EET uses the B.AM when the
contamuinant of concem is assoctated with
particulates, and when responding to fires
involving hazardous materials, to identify
phume levels. The instrument 15 very useful
in determining the presence of a plume when
it iz mot visible. The U.S. EPAERT
typically uses FAM: on mipeds to obtain
particulate concentrations at the breathing
zone level. Personal dataloggers are used
with the FAM: to docwment mimmmm,
average and maximum concentrations. This
provides real-time data without requiring
those in personal protective equipment to be
constantly pressnt in the plume.

Chemical Detector Tubes (Colonmetric
Tubes)

A chemcal detector mbe is a hollow, mbe-
shaped, glass body containing one or more
layers of chemically impregnated imer
material. To use, the fused ends are broken
off &nd a mamfacturer-specified volume of
air 1s dravwn through the tube with a pump to
achieve a given detection lmmit.  The
chemicals contained within the packing
material undergo a chenuneal reaction with
the airbeme pollutant present, producing a
color change during the intake of each pump
stroke. The concentration of a pollutant is
indicated by the length of discoloration on a
calibrated scale printed on the detector tube.

Radiation Meters

Badiation meters determine the presence and
level of radiation. The meters use a gas or
solid ion detection media which becomes
ionized when radiation is present. The
meters are normally calibrated to one probe.
Meters that detect alpha, beta, and ganuma
radiation are available.

L Gold Film (Hydrogen Sulfide and Mercury
Vapor) Monitors

Hydrogen sulfide (H,5) and Mercury (Hg)
moniters operate on the pinciple that electric
resistivity mncreases across a gold film as a
function of H,5 and Hg concentration. The
monitors provide rapid and relatively low
detection linuits for H.S and Hg in air. After
extensive sampling peneds or high
concentrations of H.5 and Hg, the gold film
st be heated to remove contamination and
return the momitor to its origmal sensitivity.

[ Infrared Detectors

Infrared detectors such as the Liimaturs
Infrared Analyzer (MIFLAN) use infrared (IR)
absorption as a function of specific
compounds.  MIEAN mstuoments apply to
situations where the contaminants are
identified but concentrations are not
MIFAN insmunents generally require AC
power.

SPECIALIZED ANALYTICAL
INSTRUMENTS

The confimious monitors described above provide
gualitative measurement of ar contaminants.
Cuantitative measurements m the fisld can be
obtained using more sophisticated mstmments, such
as portable Gas Chromatographs, to analyze grab

samples.

L Direct Air  Sampling Portable Gas
Chromatographs (GCs)

Portable GCs use gas chromatography to
identify and gquannfy compounds. The time
it takes for a compound fto move through a
chromatographic columm 15 & fimetion of that
specific compound or group of compounds.
A trained technician with knowledge of the
range of expected concentrations of
compounds can utilize a portable GC in the
field to analyze grab samples. GCs generally
requure AC power and shelter to operate.
This method 15 linuted by 1ts reliance on a
short-term grab sample to be representative
of the zir quality at a site.
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Eemote Optical Sensing

This technicue, also referred to as long-path
or  open-path  monitonng,  mvolves
transnutting either an infrared or ultraviclet
light beam across a long open path and
measwing the absorbance at  specific
wavelengths. The technigque is capable of
analyzing any preselected orgamic or
morgame volatile compound that can be
resolved from compounds naturally cccurring
in ambient air. Cwrrent projected remeval
applications include perimeter monitoring
during site cleanups and measurement of
emission source strengths during site
a3sessments.
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TAGA Direct Air  Sampling  Mass
Spectrometer/Mass Spectrometer

The Trace Atmosphenic Gas Analyzer
(TAGA), wlich 15 operated by the U5,
EPA/ERT. 1s capable of real-time detection
of preselected organic compounds at low
parts-per-billion  concentrations. The
inzmunent has been successfully used by the
US. EPAERT for isolating mdividual
emission phumes and tracking those phumes
back to their sources.



APPENDIX B

Air Sampling Equipment and Media/Devices

ATR SAMPLING EQUIPMENT

C

High-Volume, Total Suspended Particulate
(T5P) Samplers

High-volume TSP samplers collect all
suspended particles by drawing air across an
8- by 10-mch glass-quartz filter. The sample
rate 13 adjusted to 40 cubic fest per nunute
(CEM), or 1134 liters per nunute (L/min},
and 1t 15 held constant by a flow conireller
over the sample period. The mass of TSPz
can be determined by weighing the filter
before and after sampling. The compoesition
of the filter vanes according to the analytical
method and the detection limit reguuired.

PM-10 Samplers

PW-10 samplers collect particulates with a
diameter of 10 microns or less from ambient
air. Particulates of tlus size represent the
respirable fraction, and thus are of special
significance. PM-10 samplers can be high-
volune or low-volume. The high-velume
sampler operates in the same manner as the
TSP sampler at a constant flow rate of 40
CFM. it draws the sample through a special
mmpactor head which cellects particulates of
10 microns or less. The particulate is
collected on an 8- by 10-mch filter. The low-
volume sampler operates at a rate of
approximately 17 L'min. The flow mmust
remain constant trough the impactor head to
maintain the 10-micron cut-off point. The
low-volume PRI-10 collects the sample on
37-mm Teflon filters.

High-Veolume P5-1 Samplers

High-volune PS-1 samplers draw a sample
threugh pelynurethane foam (PUE) or a
combination foam and 3AD-2 resm plug,
and a glass quartz filter at a rate of 3-10
CFM (144 to 282 L'min). This system is

14
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excellent for measuring low concenirations
of semivolatiles, PCBs, pesticides. or
chlormated dioxins in ambient air.

Area Sampling Pumps

These pumps provide flow-rate ranges of
2-20 L/min and have a telescopic sampling
mast with the sampling rain. Because of the
higher volume, this pump iz swtable for
sampling low concentrations of arbome
contaminants (Le. ashestos  sampling).
These pumps are also used for metals,
pesticides and PAH sampling which requre
large sample volumes.

Perzonal Sampling Pumps

Persomal sampling pumps are reliable
portable sampling devices that draw air
samples through a mimber of sampling media
ncluding resin tubes, mpingers, and filters.
Flow rates are usually adjustable from 0.1 to
4 L'mn {or 001 to 75 Limm with a
restrictive orfice) and can remain constant
for up to & howrs on one battery charge or
continuously with an AC charger/converter.

Canister Samplers

Evacuated canister sampling systems use the
pressure differential between the evacuated
canister and ambient pressure to bleed air
mto the camster. The sample 15 bled mto the
canister at a constant rate over the sampling
period usmg a crtical onifice, 8 mechanically
compensated regulator, or a mass flow
confrel

device until the camister is near atmospheric
pressure.

Pressure canister sampling systems use a
pump to push air into the canister. To
maintam a higher, more controlled flow, the
pump  typically commols the pressure
differential across a cmtical orifice at the



inlet of the camster, resulting in a pressurized
canister at the completion of sampling.

AIR SAMPLING MEDIA/DEVICES

If possible, before employing a specific sampling
method, consult the laboratory that will conduct the
analyses. Many of the metheds can be modified to
provide better results or 2 wider range of results.

C

Summa® Canisters

Summa canmisters are  highly polished
passivated stainless steel cylinders. The
Sumuma polishmg process brings chrome and
mickel to the surface of the camsters, which
results i an inert surface. This surface
restricts adsorption or reactions that ccour on
the canister's mner surface after collection.
At the site, the canister 15 either placed in a
sampler to conirel sample collection rate, or
opensd to collect a grab sample. Samples
can be collected by allowing air to bleed mite
or be pumped mio the camster. TS
EPA/ERT uses 6-liter Summa canisters for
WVOC and permanent gas analysis.

Passive Dosimeters

Passive dosimeters are clip-on vaper
monitors (samplers) m which the diffnzed
contamunants are absorbed on specially
prepared  active  surfaces. Indusirial
hygienists commenly use desimeters to
obtain  time-weighted  averages or
concentrations of chemical vapors, as they
can frap over 130 orgamic compounds.
Selective dosimeters have also  been
developed for a mumber of chemicals
mcluding formaldehyde, ethylene ocxde,
bydrogen sulfide, mercury vaper. niTogen
dicxide,  sulfir  dioxide, and ozome.
Dosimeters must be sent to a laboratory for
analysis.

Polyurethane Foam (PUF)

PUF 1s a sorbent used with a glass filter for
the collection of semivelatile organic
compoumds such as pesticides, PCBs,
chlormated dioxins and furans, and PAHs.
Fewer artifacts (chemical changes that ocour
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to collected compounds) are produced than
with some other solid sorbents. PUF 1s used
with the P5-1 sammpler and U_S. EPA Method
TO13. PUF can also be used with personal
sampling pumps when sampling for PAHs
using  the Lewis™MceClond  method
Breakthrough of the more velatile PCBs and
PAHs may occur when using PUF.

Sampling Bags (Tedlar™)

Sampling bags, like canisters, transport air
samples to the laboratory for analysis.
Samples are generally pumped into the bags,
but sometimes a hng system is used, in
which a pump creates a vacunm around the
bag in & vacuwm box. Then the sample flows
from a sowee into the bag. This method is
nsed for VOCs, fived gazes (CO,, 0, and N,)
and methane.

Impingers

An mpmger allows an air sample to be
bubbled through a selution, which cellects a
specific contzminant by either chemical
reaction o absorption. For long sampling
periods, the impinger may need to be kept in
an ice bath to prevent the solution from
evaporating during sampling. The sample is
drawn through the impinger by using a
sampling pump or more elaborate sampling
trains with multiple impingers.

Sorbent Tubes/Carridges

A vanety of sampling media are available in
sorbent tmbes, which are used primanly for
imndustrial hygiene. A few examples are
carbon cartridges, carbon melecular sieves,
Tenax tubes and tube containing the XAD-2
polymer.  Depending upon the sorbent
material, tubes can be analyzed using either
a solvent extraction or thermal desorption
The former teclmigue wuses standard
laboratory equipment and allows for multiple
analyses of the same sample. The latter
techmique requires special but reacily
available, laboratory equipment and allows
cnly one analysis per sample. In addition,
thermal descrption typically allows for lower
detection limits by two or more orders of
magnitude. Whenever sorbent tubes are



bemg used for thermal desorption. they
should be certified as “clean” by the
lzboratory deing the analysis.

Thermally Desorbed Media

During thermal desorption, high-temperatire gas
streams are used to remove the compounds cellected
on a sorbent medinm.  The gas stream 15 injected and
often cryofocused mto an analytical instrument, such
as a GC, for compound analysis:

[ Tenax Tubes

Tenax ubes are made from commereizlly
available polymer (p-phenylens oxide)
packed m glass or stamless stzel mbes
through which sir samples are drawn or
sometimes prumped. These tubes are used in
1.5, EPA Methed TO1 and VOST for
volatile nonpelar organic, some polar
orgamic, and some of the more welatle
semivelatile orgamies.  Tenax i3 not
appropriate for many of the highly velatile
orgamics (with vaper pressure greater than
approximately 200 mm Hg).

C Carbonized Polvmers

The carbonized molecular sieve (CWS), a
carbonized pelymer. 13 2 commercially
available, carbon sorbent packed in stainless-
steel sampling mbes through which air
samples are drawn or sometimes pumped.
These are used m US. EPA Method TO2 for
highly welatile nenpelar compounds which
have low-bregkthrough velumes on other
sorbents.  When high-thermal desorption
temperatures are used with CMS. more
variability in analysis may ocour than with
other sorhents.

[ Mixed Sorbent Tubes

Sorbent tubes can contain two type of
sorbents. Combining the advantages of each
sorbent inte one mbe mereases the possible
types of compounds to be sampled. The
combmaton of two sorbents can also reduce
the chance that highly velanle compounds
will break through the sorbent media. An
example of a mixed sorbent tube is the
combimnation of Tenax and charcoal with a
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carbonized molecular sieve. A potential
problem with mixed sorbent fubes is the
breakthrough of a compound from an earlier
sorbent to & later sorbent from which 1t
cannot be desorbed.

Solvent-Extracted hMedia

Solvent-extracted media use the principle of chemical
extraction to remove compounds cellected on a
sorbent media. The chemical solvent is mjected into
an insmument, such as a GC, for analysis of
compounds. Examples of solvent-extracted media
follow:

L Chemically Treated Silica Gel

Silica gel 15 a sorbent which can be treated
with various chemicals. The chemucally
treated silica gel can then be used to sample
for specific compounds in air.  Examples
mnchude the DNPH-coated silica gel cartridge
used with U.S. EPA Method TO11.

L HAD-2 Polymers

HAD-2 polymers usnally are placed in tubes,
custom-packed  sandwich-style  with
polyurethane foam and prepared for use with
1.5, EPA Method TO13 or the senu-VOST
methed. The polymers are used for the
collecton of semivelatile polar and nonpolar
orgamic compounds.  The compounds
collected on the XAD-2 polymer are
chemically exracted for analysis.

L Charceal Cartridges

Chareoal carmdges, consisting of primary
and backup sections, trap compounds by
adsorpiion. Ambient air is drawn through
them so that the backup section verifies that
breakthrough of the analytes on the first
section did not occur, and the sample
collection was therefore gquantitatve.
Chuantitative sample collection is evident by
the presence of target chemicals on the first
charcoal section and the zbsence on the
second section.  Next the adsorbed
compounds must be eluted, usually with a
solvent extraction, and analyzed by GC with
a detector, such as a MMass Spectrometer
MS).
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Tenax Tubes

Cartridges are used m OSHA and NIOSH
methods in a mamner simular to charcoal
carridges but typically for less wvolatle
compounds.

Particulate Filters

Particulate filters are used by having a sampling pump
pass air through them. The filter collects the
particulates present in the air and is then analyzed for
particulate mass or chenueal or radiclogical

COMpPOSITon.

Particulate filters are made from

different matenals which are descnbed below.

[

hixed Cellulose Ester (MMCE)

MCE 15 manufactured from mixed esters of
celhiloze which are a blend of mimo-celluloze
and cellulose acetate. WCE filters are used
often for particulate sampling.

(slazs Fiber

Glass fiber 13 manufactured from glass fibers
without a binder. Particulate filters with
glass fiber provide high flow rates, wet
strength, and high, sohd holding capacity.
Generally, the filters are used for gravimetric
analysis of particulates.
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Pelyvinyl Chlonde

Particulate filters with polyvinyl chloride are
resistant to concentrated acids and alkalis.
Thewr low moisture pickup and light tare
weight make them ideal for gravimetrie
analysis.

Teflon

Teflon 15 manufzcired from
polytetrafluorethylene (PTFE). Particulate
filters with Teflon are easy to handle and
exceptionally durable. Teflon filters are used
for metal collection

Silver

Particulate filters manufactured from pure
silver have high collection efficiency and
wmiform pore size. These filters are used for
mercury collection and analysis.

Cellulose

Particulate filters with cellulose contaimn less
than 0.01% ash. These filters are used to
collect particulates.



1.3.4 Surface Water Sampling (USEPA - Environmental Response Team SOPs)

SOP#: 2013
DATE:11/17/94
REV. #:0.0

Scope and Application: This SOP is applicable to the collection of representative liquid samples,
both aqueous and non-aqueous from streams, rivers, lakes, ponds, lagoons, and surface
impoundments. It includes samples collected from depth, as well as samples collected from the
surface. These are standard (i.e., typically applicable) operating procedures that may be varied or
changed as required, depending on site conditions, equipment limitations or limitations imposed
by the procedure or other procedure limitations. In all instances, the ultimate procedures
employed should be documented and associated with the final report. Mention of trade names or
commercial products does not constitute USEPA endorsement or recommendation for use.

Method Summary: Sampling situations vary widely, therefore, no universal sampling procedure
can be recommended. However, sampling of both aqueous and non-aqueous liquids from the
above mentioned sources is generally accomplished through the use of one of the following
samplers or techniques:

Kemmerer bottle
Bacon bomb sampler
Dip sampler

Direct method

These sampling techniques will allow for the collection of representative samples from the
majority of surface waters and impoundments encountered.

Sample Preservation Containers, Handling, and Storage: Once samples have been collected, the
following procedure should be followed:

1. Transfer the sample(s) into suitable, labeled sample containers.

Preserve the sample if appropriate, or use pre-preserved sample bottles. Do not overfill
bottles if they are pre-preserved.

Cap the container, place in a Ziploc plastic bag and cool to 4°C.

Record all pertinent data in the site logbook and on field data sheets.

Complete the chain of custody record.

Attach custody seals to cooler prior to shipment.

Decontaminate all sampling equipment prior to the collection of additional samples with
that sampling device.

no

No ko

Interferences and Potential Problems: There are two primary interferences or potential problems
with surface water sampling. These include cross contamination of samples and improper sample
collection.
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1. Cross contamination problems can be eliminated or minimized through the use of
dedicated sampling equipment. If this is not possible or practical, then decontamination of
sampling equipment is necessary. Refer to the Sampling Equipment Decontamination SOP.

2. Improper sample collection can involve using contaminated equipment, disturbance of the
stream or impoundment substrate, and sampling in an obviously disturbed area. Following
proper decontamination procedures and minimizing disturbance of the sample site will
eliminate these problems.

Equipment/Apparatus: Equipment needed for collection of surface water samples may include
(depending on technique chosen):

Kemmerer bottles

Bacon bomb sampler

Dip sampler

Line and messengers

Sample bottles/preservatives

Ziploc bags

Ice

Coolers

Chain of Custody records, custody seals
Field data sheets

Decontamination equipment

Maps/plot plan

Safety equipment

Compass

Tape measure

Survey stakes, flags, or buoys and anchors
Camera and film

Logbook/waterproof pen

e Sample bottle labels

Reagents: Reagents will be utilized for preservation of samples and for decontamination of
sampling equipment. The preservatives required are specified by the analysis to be preserved.

Procedures: Preparation:

1. Determine the extent of the sampling effort, the sampling methods to be employed, and the
types and amounts of equipment and supplies needed.

2. Obtain the necessary sampling and monitoring equipment.

3. Decontaminate or pre-clean equipment, and ensure that it is in working order.

4. Prepare scheduling and coordinate with staff, clients, and regulatory agency, if
appropriate.

5. Perform a general site survey prior to site entry, in accordance with the site specific health
and safety plan.
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6. Use stakes, flagging, or buoys to identify and mark all sampling locations. If required the
proposed locations may be adjusted based on site access, property boundaries, and surface
obstructions. If collecting sediment samples, this procedure may disturb the bottom.

Representative Sampling Considerations: In order to collect a representative sample, the
hydrology and morphometrics of a stream or impoundment should be determined prior to
sampling. This will aid in determining the presence of phases or layers in lagoons, or
impoundments, flow patterns in streams, and appropriate sample locations and depths. Water
quality data should be collected in impoundments, and to determine if stratification is present.
Measurements of dissolved oxygen, pH, and temperature can indicate if strata exist that would
affect analytical results. Measurements should be collected at one-meter intervals from the
substrate to the surface using the appropriate instrument (i.e., a Hydrolab or equivalent).

Water quality measurements such as dissolved oxygen, pH temperature, conductivity, and
oxidation-reduction potential can assist in the interpretation of analytical data and the selection
of sampling sites and depths when surface water samples are collected. Generally, the deciding
factors in the selection of a sampling device for sampling liquids in streams, rivers, lakes, ponds,
lagoons, and surface impoundments are:

1. Will the sample be collected from shore or from a boat?

2. What is the desired depth at which you wish to collect the sample?
3. What is the overall depth and flow direction of river or stream?

4. What type of sample will be collected (i.e., water or lagoon liquids)?

Sampler Composition: The appropriate sampling device must be of a proper composition.
Selection of samplers constructed of glass, stainless steel, PVC or PFTE (Teflon) should be
based upon the analyses to be performed.

Sample Collection: Kemmerer Bottle: A Kemmerer bottle (Figure 3) may be used in most
situations where site access is from a boat or structure such as a bridge or pier, and where
samples at depth are required. Sampling procedures are as follows:

1. Use a properly decontaminated Kemmerer bottle. Set the sampling device so that the
sampling end pieces (upper and lower stoppers) are pulled away from the sampling tube
(body), allowing the substance to be sampled to pass through this tube.

2. Lower the pre-set sampling device to the predetermined depth. Avoid bottom disturbance.

3. When the Kemmerer bottle is at the required depth, send down the messenger, closing the
sampling device.
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Figure 3. Kemmerer Bottle.
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4. Retrieve the sampler and discharge from the bottom drain from the first 10-20 mL to clear
any potential contamination of the valve. Transfer the sample to the appropriate sample
container.

Bacon Bomb Sampler: A bacon bomb sampler (Figure 4) may be used in situations similar to
those outlined for the Kemmerer bottle. Sampling procedures are as follows:

1. Lower the bacon bomb sampler carefully to the desired depth, allowing the line for the
trigger to remain slack at all times. When the desired depth is reached, pull the trigger line
until taut. This will allow the sampler to fill.

2. Release the trigger line and retrieve the sampler.

3. Transfer the sample to the appropriate sample container by pulling up on the trigger.

Dip Sampler: A dip sampler (Figure 5) is useful in situations where a sample is to be recovered
from an outfall pipe or along a lagoon bank where direct access is limited. The long handle on
such a device allows access from a discrete location. Sampling procedures are as follows:

1. Assemble the device in accordance with the manufacturer’s instructions.

2. Extend the device to the sample location and collect the sample by dipping the sampler
into the substance.

3. Retrieve the sampler and transfer the sample to the appropriate sample container.

Direct Method: For streams, rivers, lakes, and other surface waters, the direct method may be
utilized to collect water samples from the surface directly into the sample bottle. This method is
not to be used for sampling lagoons or other impoundments where contact with contaminants is a
concern. Using adequate protective clothing, access the sampling station by appropriate means.
For shallow stream stations, collect the sample under the water surface while pointing the sample
container upstream; the container must be upstream of the collector. Avoid disturbing the
substrate. For lakes and other impoundments, collect the sample under the water surface
avoiding surface debris and the boat wake. When using the direct method, do not use
prepreserved sample bottles as the collection method may dilute the concentration of
preservative necessary for proper sample preservation.

Calculations: This section is not applicable to this SOP.

QA/QC: There are no specific QA activities which apply to the implementation of these
procedures. However, the following general QA procedures apply:

1. All data must be documented on field data sheets or within site logbooks.

2. All instrumentation must be operated in accordance with operating instructions as supplied
by the manufacturer, unless otherwise specified in the work plan. Equipment checkout and
calibration activities must occur prior to sampling/operation and they must be documented.

Data Validation: This section is not applicable to this SOP.
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Figure 4. Bacon Bomb Sampler.
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Figure 5. Dip Sampler
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Health and Safety: When working with potentially hazardous materials, follow USEPA, OSHA,
and corporate health and safety procedures. More specifically, when sampling lagoons or surface
impoundments containing known or suspected hazardous substances, adequate precautions must
be taken to ensure the safety of sampling personnel. The sampling team members collecting the
samples should not get too close to the edge of the impoundment, where bank failure may cause
them to lose their balance. The persons performing the samplings should be on a lifeline and be
wearing adequate protective equipment. When conducting sampling from a boat in an
impoundment or flowing waters, appropriate boating safety procedures should be followed.

1.3.5 Groundwater Well Sampling (USEPA - Environmental Response Team)
SOP#: 2007

DATE:01/26/95

REV. #: 0.0

Scope and Application: The objective of this SOP is to provide general reference information on
sampling of groundwater wells. This guideline is primarily concerned with the collection of
water samples from the saturated zone of the subsurface. Every effort must be made to ensure
that the sample is representative of the particular zone of water being sampled. These procedures
are designed to be used in conjunction with analyses for the most common types of groundwater
contaminants (e.g., volatile and semivolatile organic compounds, pesticides, metals, biological
parameters). These are standard (i.e., typically applicable) operating procedures that may be
varied or changed as required, depending on site conditions, equipment limitations, or limitations
imposed by the procedure. In all instances, the ultimate procedures employed should be
documented and reported. Mention of trade names or commercial products does not constitute
USEPA endorsement or recommendation for use.

Method Summary: In order to obtain a representative groundwater sample for chemical analysis
it is important to remove stagnant water in the well casing and the water immediately adjacent to
the well before collection of the sample. This may be achieved with one of a number of
instruments. The most common of these are the bailer, submersible pump, non-contact gas
bladder pump, inertia pump and suction pump. At a minimum, three well volumes should be
purged, if possible. Equipment must be decontaminated prior to use and between wells. Once
purging is completed and the correct laboratory-cleaned sample containers have been prepared,
sampling may proceed. Sampling may be conducted with any of the above instruments and need
not be the same as the device used for purging. Care should be taken when choosing the
sampling device as some will affect the integrity of the sample. Sampling should occur in a
progression from the least to most contaminated well, if this information is known. The growing
concern over the past several years over low levels of volatile organic compounds in water
supplies has led to the development of highly sophisticated analytical methods that can provide
detection limits at part per trillion levels. While the laboratory methods are extremely sensitive,
well controlled and quality assured, they cannot compensate for a poorly collected sample. The
collection of a sample should be as sensitive, highly developed, and quality assured as the
analytical procedures.

Sample Preservation, Containers, Handling, and Storage: The type of analysis for which a
sample is being collected determines the type of bottle, preservative, holding time, and filtering
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requirements. Samples should be collected directly from the sampling device into appropriate
laboratory cleaned containers. Check that a Teflon liner is present in the cap, if required. Attach
a sample identification label. Complete a field data sheet, a chain of custody form, and record all
pertinent data in the site logbook. Samples shall be appropriately preserved, labeled, logged, and
placed in a cooler to be maintained at 4°C. Samples must be shipped well before the holding
time is up and ideally should be shipped within 24 hours of collection. It is imperative that
samples be shipped or delivered daily to the analytical laboratory in order to maximize the time
available for the laboratory to perform the analyses. The bottles should be shipped with adequate
packing and cooling to ensure that they arrive intact.

Sample retrieval systems suitable for the valid collection of volatile organic samples include
positive displacement bladder pumps, gear driven submersible pumps, syringe samplers and
bailers (Barcelona, 1984; Nielsen, 1985). Field conditions and other constraints will limit the
choice of appropriate systems. The focus of concern must remain to provide a valid sample for
analysis, one which has been subjected to the least amount of turbulence possible. Treatment of
the sample with sodium thiosulfate preservative is required only if there is residual chlorine in
the water that could cause free radical chlorination and change the identity of the original
contaminants. It should not be used if there is no chlorine in the water. Holding time for volatiles
analysis is seven days. It is imperative that the sample be shipped or delivered daily to the
analytical laboratory. The bottles must be shipped on their sides to aid in maintaining the airtight
seal during shipment; with adequate packing and cooling to ensure that they arrive intact. For
collection of volatile organic samples, refer to the work plan to ensure that 40 mL glass sample
vials with Teflon lined septa are ordered and in sufficient numbers. Check sampling supplies:
field kit for chlorine, preservatives, parafilm, foam sleeves and coolers. Due to the extreme trace
levels at which volatile organics are detectable, cross contamination and introduction of
contaminants must be avoided. Trip blanks are incorporated into the shipment package to
provide a check against cross contamination.

Interferences and Potential Problems: General: The primary goal in performing groundwater
sampling is to obtain a representative sample of the groundwater body. Analysis can be
compromised by field personnel in two primary ways: (1) taking an unrepresentative sample, or
(2) by incorrect handling of the sample. There are numerous ways of introducing foreign
contaminants into a sample, and these must be avoided by following strict sampling procedures
and utilizing trained field personnel.

Purging: In a nonpumping well, there will be little or no vertical mixing of the water, and
stratification will occur. The well water in the screened section will mix with the groundwater
due to normal flow patterns, but the well water above the screened section will remain isolated,
become stagnant, and may lack the contaminants representative of the groundwater. Persons
sampling should realize that stagnant water may contain foreign material inadvertently or
deliberately introduced from the surface, resulting in an unrepresentative sample. To safeguard
against collecting nonrepresentative stagnant water, the following guidelines and techniques
should be adhered to during sampling:

1. As a general rule, all monitor wells should be pumped or bailed prior to sampling. Purged
water should be containerized onsite or handled as specified in the site specific project
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plan. Evacuation of a minimum of one volume of water in the well casing, and preferably
three to five volumes, is recommended for a representative sample. In a high-yielding
groundwater formation and where there is no stagnant water in the well above the screened
section, evacuation prior to sample withdrawal is not as critical. However, in all cases
where the monitoring data are to be used for enforcement actions, evacuation is
recommended.

2. When purging with a pump (not a bailer), the pump should be set at the screened interval,
or if the well is an open-rock well, it should be set at the same depth the sample will be
collected. When sampling a screened well, the sample should also be collected from the
same depth the pump was set at.

3. The well should be sampled as soon as possible after purging.

4. Analytical parameters typically dictate whether the sample should be collected through the
purging device, or through a separate sampling instrument.

5. For wells that can be pumped or bailed to dryness with the equipment being used, the well
should be evacuated and allowed to recover prior to collecting a sample. If the recovery
rate is fairly rapid and time allows, evacuation of more than one volume of water is
preferred. If recovery is slow, sample the well upon recovery after one evacuation.

6. A non-representative sample can also result from excessive pre-pumping of the monitoring
well. Stratification of the leachate concentration in the groundwater formation may occur,
or heavier-than-water compounds may sink to the lower portions of the aquifer. Excessive
pumping can dilute or increase the contaminant concentrations from what is representative
of the sampling point of interest.

Materials: Materials of construction for samplers and evacuation equipment (bladders, pump,
bailers, tubing, etc.) should be limited to stainless steel, Teflon, and glass in areas where
concentrations are expected to be at or near the detection limit. The tendency of organics to leach
into and out of many materials make the selection of materials critical for trace analyses. The use
of plastics, such as PVC or polyethylene, should be avoided when analyzing for organics.
However, PVC may be used for evacuation equipment as it will not come in contact with the
sample, and in highly contaminated wells, disposable equipment (i.e., polypropylene bailers)
may be appropriate to avoid cross-contamination.

Materials of construction (bladders/ pumps, bailers, tubing, etc.) suitable for collecting and
handling volatile organic samples should be limited to stainless steel, Teflon, and glass in areas
in which detection limit range concentrations are expected. The tendency of organics to leach
into and out of many materials, make the selection of materials critical for these trace analyses.
The use of plastics should be avoided. There are numerous ways of introducing foreign
contaminants into a sample, and these must be avoided by following strict sampling procedures
and utilization of trained personnel.

Advantages/Disadvantages of Certain Equipment:

Bailers:

Advantages Disadvantages
Only practical limitations on size and Time-consuming to flush a large well of
materials stagnant water

131



Portable

Inexpensive, so it can be dedicated and hung
in a well, thereby reducing the chances of
Cross contamination

Minimal outgassing of volatile organics while
sample is in bailer

No power source needed

Readily available

Removes stagnant water first

Rapid, simple method for removing small

volumes of purge water

Submersible Pumps:

Advantages
Portable and can be transported to several
wells

Depending upon the size of the pump and the
pumping depths, relatively high pumping
rates are possible

Generally very reliable and does not require
priming

Non-Contact Gas Bladder Pumps:

Advantages
Maintains integrity of sample

Easy to use

Transfer of sample may cause aeration
Stoppers at the bottom of the bailer usually leak
thus the bailer must be brought to the surface
rapidly

If the bailer is allowed to hit the bottom of the

well boring, gravel can displace the ball valve
not allowing the bailer to hold water

Disadvantages
Potential for effects on analysis of trace organics

Heavy and cumbersome to deal with, particularly
in deeper wells

Expensive

Power source needed

Sediment in water may cause problems with the
pumps

Impractical in low yielding or shallow wells

Disadvantages
Difficulty in cleaning, though dedicated tubing

and bladder may be used

Only useful to about 30.5 meters
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Can sample from discrete locations within the ~ Supply of gas for operation, gas bottles and
monitor well compressors are often difficult to obtain and
are cumbersome

Relatively low pumping rates

Requires air compressor or pressurized gas
source and control box

Suction Pumps:

Advantages Disadvantages
Portable, inexpensive, and readily available  Restricted to areas with water levels within

Vacuum can cause loss of dissolved gasses

Pump must be primed and vacuum is often
pumping approximately 6 to 8 meters of the
ground surface and volatile organics difficult to
maintain during initial stages of pumping

Inertia Pumps

Advantages Disadvantages
Portable, inexpensive, and readily available  Restricted to areas with water levels within these

manual pumps diameter wells approximately 21
meters of the ground surface

Offers a rapid method for purging relatively  May be time consuming to purge wells
shallow wells

Labor intensive

WaTerra pumps are only effective in 51
millimeters

Equipment Apparatus: Equipment Checklist:

General
e Water level indicator
Electric sounder
Steel tape
Transducer
Reflection sounder
Airline
Depth sounder
Appropriate keys for well cap locks
e Steel brush
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Hnu or ova (whichever is most appropriate)
Logbook

Calculator

Field data sheets and samples labels

Chain of custody records and seals

Sample containers

Engineer’s rule

Sharp knife (locking blade)

Tool box (to include at least: screwdrivers, pliers, hacksaw, hammer, flashlight,
adjustable wrench)

Leather work gloves

Appropriate health and safety gear

Plastic sheeting

Shipping containers

Packing materials

Bolt cutters

Ziploc plastic bags

Containers for evacuation liquids
Decontamination solutions

Tap water

Non phosphate soap

Several brushes

Pails or tubs

Aluminum foil

Garden sprayer

Preservatives

Distilled or deionized water

Fire extinguisher (if using a generator for your power source)

Bailers
e Clean, decontaminated bailers of appropriate size and construction material
Nylon line, enough to dedicate to each well
Teflon-coated bailer wire
Sharp knife
Aluminum foil (to wrap clean bailers)
Five gallon bucket

Submersible Pump
e Pump(s)
e Generator (110, 120, or 240 volt) or 12 volt battery if inaccessible to field vehicle —
amp meter is useful
e 25.5 mm black PVC coil tubing - enough to dedicate to each well
e Hose clamps
e Safety cable
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Tool box supplement

Pipe wrenches

Wire strippers

Electrical tape

Heat shrink

Hose connectors

Teflon tape

Winch, pulley or hoist
Gasoline for generator/gas can
Flow meter with gate valve
25.5 mm nipples and various plumbing (i.e., pipe connectors)
Control box (if necessary)

Non-Gas Contact Bladder Pump

Non-gas contact bladder pump

Compressor or nitrogen gas tank

Batteries and charger

Teflon tubing - enough to dedicate to each well
Swagelock fitting

Toolbox supplements - same as submersible pump
Control box (if necessary)

Suction Pump
e Pump
25.5 mm black PVC coil tubing - enough to dedicate to each well
Gasoline - if required
Toolbox
Plumbing fittings
Flow meter with gate valve

Inertia Pump
e Pump assembly (WaTerra pump, piston pump)
e Five gallon bucket

Reagents: Reagents may be utilized for preservation of samples and for decontamination of
sampling equipment. The preservatives required are specified by the analysis to be performed.
Decontamination solutions are specified in ERT SOP #2006, Sampling Equipment
Decontamination.

Procedure: Preparation:
1. Determine the extent of the sampling effort, the sampling methods to be employed, and the

types and amounts of equipment and supplies needed (i.e, diameter and depth of wells to be
sampled).
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2. Obtain necessary sampling and monitoring equipment, appropriate to type of contaminant
being investigated. For collection of volatile organic samples, refer to the work plan to
ensure that 40 mL glass sample vials with Teflon lined septa are ordered and in sufficient
numbers. Check sampling supplies: field kit for chlorine, preservatives, parafilm, foam
sleeves, and coolers. Due to extreme trace levels at which volatile organics are detectable,
cross contamination and introduction of contaminants must be avoided. Trip blanks are
incorporated into the shipment package to provide a check against cross-contamination.

3. Decontaminate or pre-clean equipment, and ensure that it is in working order.

4. Prepare scheduling and coordinate with staff, clients, and regulatory agency, if
appropriate.

5. Perform a general site survey prior to site entry in accordance with the site specific health
and safety plan.

6. Identify and mark all sampling locations.

Field Preparation:

1. Start at the least contaminated well, if known.

2. Lay plastic sheeting around the well to minimize likelihood of contamination of equipment
from soil adjacent to the well.

3. Remove locking well cap, note location, time of day, and date in field notebook or
appropriate log form.

4. Remove well casing cap.

5. Screen headspace of well with an appropriate monitoring instrument to determine the
presence of volatile organic compounds and record in site logbook.

6. Lower water level measuring device or equivalent (i.e., permanently installed transducers
or airline) into well until water surface is encountered.

7. Measure distance from water surface to reference measuring point on well casing or
protective barrier post and record in site logbook. Alternatively, if no reference point, note
that water level measurement is from top of steel casing, top of PVC riser pipe, from
ground surface, or some other position on the well head. If floating organics are of concern,
this can be determined by measuring the water level with an oil/water interface probe that
measures floating organics.

8. Measure total depth of well (at least twice to confirm measurement) and record in site
logbook or on field data sheet.

9. Calculate the volume of water in the well and the volume to be purged using the
calculations near the end of this SOP.

10. Select the appropriate purging and sampling equipment.

11. If residual chlorine is suspected, use the Hach Field Test Kit for chlorine to determine if
there is residual chlorine in the water to be sampled. If there is, treat the sample vial with a
crystal of sodium thiosulfate prior to sample collection.

Purging: The amount of flushing a well receives prior to sample collection depends on the intent
of the monitoring program and the hydrogeologic conditions. Programs where overall quality
determination of water resources are involved may require long pumping periods to obtain a
sample that is representative of a large volume of that aquifer. The pumped volume can be
determined prior to sampling so that the sample is collected after a known volume of the water is
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evacuated from the aquifer, or the well can be pumped until the stabilization of parameters such
as temperature, electrical conductance, pH, or turbidity has occurred.

However, monitoring to define a contaminant plume requires a representative sample of a small
volume of the aquifer. These circumstances require that the well be pumped enough to remove

the stagnant water but not enough to induce flow from surrounding areas. Generally, three well
volumes are considered effective, or calculations can be made to determine, on the basis of the

aquifer parameters and well dimensions, the appropriate volume to remove prior to sampling.

During purging, water level measurements may be taken regularly at 15-30 second intervals.
These data may be used to compute aquifer transmissivity and other hydraulic characteristics.
The following well evacuation devices are most commonly used. Other evacuation devices are
available, but have been omitted in this discussion due to their limited use.

Bailers: Bailers are the simplest purging device used and have many advantages. They generally
consist of a rigid length of tube, usually with a ball check-valve at the bottom. A line is used to
lower the bailer into the well and retrieve a volume of water. The three most common types of
bailer are PVC, Teflon, and stainless steel.

This manual method of purging is best suited to shallow or narrow diameter wells. For deep,
larger diameter wells which require evacuation of large volumes of water, other mechanical
devices may be more appropriate.

Operation: Equipment needed will include a clean decontaminated bailer, Teflon or nylon
line, a sharp knife, and plastic sheeting.

1. Determine the volume of water to be purged as described in the calculations near the
end of this SOP.

2. Lay plastic sheeting around the well to prevent contamination of the bailer line with.
foreign materials.

3. Attach the line to the bailer and slowly lower until the bailer is completely submerged,
being careful not to drop the bailer to the water, causing turbulence and the possible
loss of volatile organic contaminants.

4. Pull bailer out ensuring that the line either falls onto a clean area of plastic sheeting or
never touches the ground.

5. Empty the bailer into a pail until full to determine the number of bails necessary to
achieve the required purge volume.

6. Thereafter, pour the water into a container and dispose of purge waters as specified in
the site-specific sampling plan.

Submersible Pumps: The use of submersible pumps for sample collection is permissible
provided they are constructed of suitable non-contaminating materials. The chief drawback,
however, is the difficulty avoiding cross-contamination between wells. Although some units can
be disassembled easily to allow surfaces contacted by contaminants to be cleaned, field
decontamination may be difficult and require solvents that can affect sample analysis. The use of
submersible pumps in multiple well-sampling programs, therefore, should be carefully
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considered against other sampling mechanisms (bailers, bladder pumps). In most cases, a
submersible pump, however, may be the only practical sampling device for extremely deep wells
(greater than 91 meters of water). Under those conditions, dedicated pump systems should be
installed to eliminate the potential for cross-contamination. A sample can be collected by bailer
after purging.

Submersible pumps generally use one of two types of power supplies, either electric or
compressed gas or air. Electric powered pumps can run off a 12 volt DC rechargeable battery, or
a 110 or 220 volt AC power supply. Those units powered by compressed air normally use a
small electric or gas-powered air compressor. They may also utilize compressed gas (i.e.,
nitrogen) from bottles. Different size pumps are available for different depth or diameter
monitoring wells.

Operation:

1. Determine the volume of water to be purged as described in near the end of this SOP.

2. Lay plastic sheeting around the well to prevent contamination of pumps, hoses or lines
with foreign materials.

3. Assemble pump, hoses and safety cable, and lower the pump into the well. Make sure
the pump is deep enough so all the water is not evacuated. (Running the pump without
water may cause damage.)

4. Attach flow meter to the outlet hose to measure the volume of water purged.

5. Use a ground fault circuit interrupter (GFCI) or ground the generator to avoid possible
electric shock.

6. Attach power supply, and purge the well until the specified volume of water has been
evacuated (or until field parameters, such as temperature, pH, conductivity, etc., have
stabilized). Do not allow the pump to run dry. If the pumping rate exceeds the well
recharge rate, lower the pump further into the well, and continue pumping.

7. Collect and dispose of purge waters as specified in the site-specific sampling plan.

Non-Contact Gas Bladder Pumps: For this procedure, an all stainless-steel and Teflon
Middleburg-squeeze bladder pump (e.g., IEA, TIMCO, Well Wizard, Geoguard, and others) is
used to provide the least amount of material interference to the sample (Barcelona, 1985). Water
comes into contact with the inside of the bladder (Teflon) and the sample tubing (also Teflon)
which may be dedicated to each well. Some wells may have permanently installed bladder
pumps, (i.e., Well Wizard, Geoguard), that will be used to sample for all parameters.

Operation:
1. Assemble Teflon tubing, pump, and charged control box.
2. Procedure for purging with a bladder pump is the same as for a submersible pump.
3. Be sure to adjust flow rate to prevent violent jolting of the hose as sample is drawn in.
Suction Pumps: There are many different types of suction pumps. They include: centrifugal,

peristaltic, and diaphragm. Diaphragm pumps can be used for well evacuation at a fast pumping
rate and sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses
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rollers to squeeze the flexible tubing thereby creating suction. This tubing can be dedicated to a
well to prevent cross contamination. Peristaltic pumps, however, require a power source.

Operation:

1. Assembly of the pump, tubing, and power source if necessary.
2. Procedure for purging with a suction pump is exactly the same as for a submersible

pump.

Inertia Pumps: Inertia pumps such as the WaTerra pump and piston pump, are manually
operated. They are most appropriate to use when wells are too deep to bail by hand, or too
shallow or narrow (or inaccessible) to warrant an automatic (submersible, etc.) pump. These
pumps are made of plastic and may be either decontaminated or discarded.

Operation:

1. Determine the volume of water to be purged as described near the end of this SOP.

2. Lay plastic sheeting around the well to prevent contamination of pumps or hoses with
foreign materials.

3. Assemble pump and lower to the appropriate depth in the well.

4. Begin pumping manually, discharging water into a 5 gallon bucket (or other graduated
vessel). Purge until specified volume of water has been evacuated (or until field
parameters such as temperature, pH, conductivity, etc. have stabilized).

5. Collect and dispose of purge waters as specified in the site specific project plan.

Sampling: Sample withdrawal methods require the use of pumps, compressed air, bailers, and
samplers. Ideally, purging and sample withdrawal equipment should be completely inert,
economical to manufacture, easily cleaned, sterilized, reusable, able to operate at remote sites in
the absence of power resources, and capable of delivering variable rates for sample collection.
There are several factors to take into consideration when choosing a sampling device. Care
should be taken when reviewing the advantages or disadvantages of any one device. It may be
appropriate to use a different device to sample than that which was used to purge. The most
common example of this is the use of a submersible pump to purge and a bailer to sample.

Bailers: The positive-displacement volatile sampling bailer is perhaps the most appropriate for
collection of water samples for volatile analysis. Other bailer types (messenger, bottom fill, etc.)
are less desirable, but may be mandated by cost and site conditions.

Operation:

1. Surround the monitor well with clean plastic sheeting. If using the GPI bailer, insert a
vial into the claim and assemble the unit.

2. Attach a line to a clean decontaminated bailer.

3. Lower the bailer slowly and gently into the well, taking care not to shake the casing
sides or to splash the bailer into the water. Stop lowering at a point adjacent to the
screen.

4. Allow bailer to fill and then slowly and gently retrieve the bailer from the well
avoiding contact with the casing, so as not to knock flakes of rust or other foreign
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materials into the bailer. If using the GPI bailer for collecting volatile organic samples,
once at the surface, remove the bailer from and remove the vial. Begin slowly pouring
from the bailer, and collect the duplicate the cable. Carefully open the GPI bailer unit
samples from the midstream sample.

5. Remove the cap from the sample container and place it on the plastic sheet or in a
location where it won’t become contaminated.

6. Begin slowly pouring from the bailer.

7. Filter and preserve samples as required by sampling plan.

8. Cap the sample container tightly and place prelabeled sample container in a carrier.

9. Replace the well cap.

10. Log all samples in the site logbook and on field data sheets and label all samples.

11. Package samples and complete necessary paperwork.

12. Transport sample to decontamination zone for preparation for transport to analytical
laboratory.

Submersible Pumps: Although it is recommended that samples not be collected with a
submersible pump for the reasons stated earlier, there are some situations where they may be
used.

Operation:

1. Allow the monitor well to recharge after purging, keeping the pump just above
screened section.

2. Attach gate valve to hose (if not already fitted), and reduce flow of water to a
manageable sampling rate.

3. Assemble the appropriate bottles.

4. If no gate valve is available, run the water down the side of a clean jar and fill the
sample bottles from the jar.

5. Cap the sample container tightly and place prelabeled sample container in a carrier.

6. Replace the well cap.

7. Log all samples in the site logbook and on the field data sheets and label all samples.

8. Package samples and complete necessary paperwork.

9. Transport sample to decontamination zone for preparation for transport to the
analytical laboratory.

10. Upon completion, remove pump and assembly and fully decontaminate prior to
setting into the next sample well. Dedicate the tubing to the hole.

Non-Contact Gas Bladder Pumps: The use of a non-contact gas positive displacement bladder
pump is often mandated by the use of dedicated pumps installed in wells. These pumps are also
suitable for shallow (less than 30.5 meters) wells. They are somewhat difficult to clean, but may
be used with dedicated sample tubing to avoid cleaning. These pumps require a power supply
and a compressed gas supply (or compressor). They may be operated at variable flow and
pressure rates making them ideal for both purging and sampling.

140



Barcelona (1984) and Nielsen (1985) report that the non-contact gas positive displacement
pumps cause the least amount of alteration in sample integrity as compared to other sample
retrieval methods.

Operation:

1. Allow well to recharge after purging.

2. Assemble the appropriate bottles.

3. Turn pump on, increase the cycle time and reduce the pressure to the minimum that
will allow the sample to come to the surface.

4. Cap the sample container tightly and place prelabeled sample container in a carrier.

5. Replace the well cap.

6. Log all samples in the site logbook and on field data sheets and label all samples.

7. Package samples and complete necessary paperwork.

8. Transport sample to decontamination zone for preparation for transport to analytical
laboratory.

9. On completion, remove the tubing from the well and either replace the Teflon tubing
and bladder with new dedicated tubing and bladder or rigorously decontaminate the
existing materials.

10. Nonfiltered samples shall be collected directly from the outlet tubing into the sample
bottle.

11. For filtered samples, connect the pump outlet tubing directly to the filter unit. The
pump pressure should remain decreased so that the pressure build up on the filter does
not blow out the pump bladder or displace the filter. For the Geotech barrel filter, no
actual connections are necessary so this is not a concern.

Suction Pumps: In view of the limitations of these type pumps, they are not recommended for
sampling purposes.

Inertia Pumps: Inertia pumps may be used to collect samples. It is more common, however, to
purge with these pumps and sample with a bailer.

Operation:

1. Following well evacuation, allow the well to recharge.

2. Assemble the appropriate bottles.

3. Since these pumps are manually operated, the flow rate may be regulated by the
sampler. The sample may be discharged from the pump outlet directly into the
appropriate sample container.

4. Cap the sample container tightly and place prelabeled sample container in a carrier.

5. Replace the well cap.

6. Log all samples in the site logbook and on field data sheets and label all samples.

7. Package samples and complete necessary paperwork.

8. Transport sample to decontamination zone for preparation for transport to the
analytical laboratory.

9. Upon completion, remove pump and decontaminate or discard, as appropriate.
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Sample Retrieval — Syringe: A limited number of commercial syringe type samplers are
available (IEA, TIMCO, etc.) and some are homemade devices. These devices are claimed to
provide good quality samples for volatile analysis, but are severely limited in sample volume and
are specific to sampling for volatiles. Essentially, they are operated with an evacuated chamber
that is lowered down the well, and allowed to fill with the pressure of the water. The entire
mechanism is then brought to the surface with the sample. The sample may then be transferred to
a sample vial, or the entire unit may be sent as the sample container.

1. Evacuate the syringe if necessary, and lower the sampling device to just below the well
screen.

2. Remove the constriction from the device and allow the sample to fill the syringe, apply
slight suction as necessary.

3. Bring unit to the surface. If necessary, transfer the sample to vials, as outlined in steps 2
through 7 above.

Filtering: For samples requiring filtering, such as total metals analysis, the filter must be
decontaminated prior to and between uses. Filters work by two methods. A barrel filter such as
the “Geotech” filter works with a bicycle pump, used to build up positive pressure in the
chamber containing the sample which is then forced through the filter paper (minimum size 0.45
um) into a jar placed underneath. The barrel itself is filled manually from the bailer or directly
via the hose of the sampling pump. The pressure must be maintained up 0.0202 kg/mm? by
periodic pumping.

A vacuum type filter involves two chambers; the upper chamber contains the sample and a filter
(minimum size 0.45 pm) divides the chambers. Using a hand pump or a Gilian type pump, air is
withdrawn from the lower chamber, creating a vacuum and thus causing the sample to move
through the filter into the lower chamber where it is drained into a sample jar. Repeated pumping
may be required to drain all the sample into the lower chamber. If preservation of the sample is
necessary, this should be done after filtering.

Post Operation: After all samples are collected and preserved, the sampling equipment should
be decontaminated prior to sampling another well to prevent cross-contamination of equipment
and monitor wells between locations.

1. Decontaminate all equipment.

2. Replace sampling equipment in storage containers.

3. Prepare and transport groundwater samples to the laboratory. Check sample
documentation and make sure samples are properly packed for shipment.

Special Considerations for Volatile Organic Analysis (VOA) Sampling: The proper collection of
a sample for volatile organics requires minimal disturbance of the sample to limit volatilization
and therefore a loss of volatiles from the sample.

Sample retrieval systems suitable for the valid collection of volatile organic samples are: positive
displacement bladder pumps, gear driven submersible pumps, syringe samplers, and bailers
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(Barcelona, 1984; Nielsen, 1985). Field conditions and other constraints will limit the choice of
appropriate systems. The focus of concern must be to provide a valid sample for analysis, one
which has been subjected to the least amount of turbulence possible.

The following procedures should be followed:

1. Open the vial, set cap in a clean place, and collect the sample during the middle of the
cycle. When collecting duplicates, collect both samples at the same time.

2. Fill the vial to just overflowing. Do not rinse the vial, nor excessively overflow it. There
should be a convex meniscus on the top of the vial.

3. Check that the cap has not been contaminated (splashed) and carefully cap the vial. Place
the cap directly over the top and screw down firmly. Do not overtighten and break the cap.

4. Invert the vial and tap gently. Observe vial for at least ten seconds. If an air bubble
appears, discard the sample and begin again. It is imperative that no entrapped air is in the
sample vial.

5. Immediately place the vial in the protective foam sleeve and place into the cooler, oriented
so that it is lying on its side, not straight up.

6. The holding time for VOAs is seven days. Samples should be shipped or delivered to the
laboratory daily so as not to exceed the holding time. Ensure that the samples remain at
4°C, but do not allow them to freeze.

Calculations: If it is necessary to calculate the volume of the well, utilize the following equation:

Well volume nr’h(cf) [Equation 1]:
n = pi
r = radius of monitoring well (meters)
h = height of the water column (meters) [This may be determined by subtracting the depth
to water from the total depth of the well as measured from the same reference point.]
cf = conversion factor (L/m®) = 1,000 L/m?
[In this equation, 1,000 L/m® is the necessary conversion factor.]

v(L/m) nr?(cf) [Equation 2]

Monitor well diameters are typically 50.8mm, 76.2mm, 101.6mm, or 152.4mm. Knowing
the diameter of the monitor well, there are a number of standard conversion factors which
can be used to simplify the equation above.

The volume, in gallons per linear foot, for various standard monitor well diameters can be
calculated as follows:

n=npi

r = radius of monitoring well (m)

cf = conversion factor (1,000 L/m°)

For a 50.8mm diameter well, the volume per linear foot can be calculated as follows:
vol/linear meter nr®(cf) [Equation 3]

3.14 (0.0254m)? 1,000 L/m®

2.03 L/m
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Remember that if you have a 50.8mm diameter well, you must convert this to the radius in

feet to be able to use the equation.
The conversion factors for the common size monitor wells are as follows:

Well diameter (mm) 50.8 76.2 101.6 152.4
Volume (L/m.) 2.027 4.560 8.107 18.24

If you utilize the conversion factors above, the equation should be modified as follows:
Well volume (h)(cf) [Equation 4]

h = height of water column (meters)

cf = the conversion factor calculated from Equation 2

The well volume is typically tripled to determine the volume to be purged.

QA/QC: There are no specific QA activities which apply to the implementation of these
procedures. However, the following general QA procedures apply:

1. All data must be documented on field data sheets or within site logbooks.

2. All instrumentation must be operated in accordance with operating instructions as supplied
by the manufacturer, unless otherwise specified in the work plan. Equipment checkout and
calibration activities must occur prior to sampling/operation and they must be documented.

3. The collection of rinsate blanks is recommended to evaluate potential for cross
contamination from the purging and/or sampling equipment.

4. Trip blanks are required if analytical parameters include VOAs.

Data Validation: This section is not applicable to this SOP.

Health and Safety: When working with potentially hazardous materials, follow U.S. EPA,
OSHA or REAC health and safety guidelines. More specifically, depending upon the site
specific contaminants, various protective programs must be implemented prior to sampling the
first well. The site health and safety plan should be reviewed with specific emphasis placed on
the protection program planned for the well sampling tasks. Standard safe operating practices
should be followed such as minimizing contact with potential contaminants in both the vapor
phase and liquid matrix through the use of respirators and disposable clothing.

When working around volatile organic contaminants:
1. Avoid breathing constituents venting from the well.
2. Pre-survey the well head-space with flame ionization/photoionization prior to sampling.
3. If monitoring results indicate organic constituents, sampling activities may be conducted in

Level C protection. At a minimum, skin protection will be afforded by disposable
protective clothing.

Physical hazards associated with well sampling:

1. Lifting injuries associated with pump and bailers retrieval, moving equipment.
2. Use of pocket knives for cutting discharge hose.
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3. Heat/cold stress as a result of exposure to extreme temperatures and protective clothing.

4. Slip, trip, and fall conditions as a result of pump discharge.

5. Restricted mobility due to the wearing of protective clothing.

6. Electrical shock associated with use of submersible pumps is possible. Use a GFCl or a
copper grounding stake to avoid this problem.

1.3.6 Sediment Sampling (USEPA- Environmental Response Team)
SOP#: 2016

DATE:11/17/94

REV. #:0.0

Scope and Application: This SOP is applicable to the collection of representative sediment
samples. Sediments may be analyzed for biological, chemical, or physical characteristics to
determine the following:

Toxicity

Biological availability and effects of contaminants
Benthic biota

Extent and magnitude of contamination
Contaminant migration pathways and source

e Fate of contaminants

e Grain size distribution

The methodologies discussed in this SOP are applicable to the sampling of sediment in both
flowing and standing water. They are generic in nature and may be modified in whole or part to
meet the handling and analytical requirements of the contaminants of concern, as well as the
constraints presented by site conditions and equipment limitations. However, if modifications
occur, they should be documented in a site or personal logbook and discussed in reports
summarizing field activities and analytical results.

For the purposes of this procedure, sediments are those mineral and organic materials situated
beneath an aqueous layer. The aqueous layer may be either static (lakes, ponds, and
impoundments) or flowing (rivers and streams).

Mention of trade names or commercial products does not constitute USEPA endorsement or
recommendation for use.

Method Summary: Sediment samples may be collected using a variety of methods and
equipment, depending on the depth of the aqueous layer, the portion of the sediment profile
required (surface vs. subsurface), the type of sample required (disturbed vs. undisturbed),
contaminants present, and sediment type.

Sediment is collected from beneath an aqueous layer either directly (using a hand held device
such as a shovel, trowel, or auger) or indirectly (using a remotely activated device such as an
Ekman or Ponar dredge). Following collection, sediment is transferred from the sampling device
to a sample container of appropriate size and construction for the analyses requested. If
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composite sampling techniques are employed, multiple grabs are placed into a container
constructed of inert material, homogenized, and transferred to sample containers appropriate for
the analyses requested. The homogenization procedure should not be used if sample analysis
includes volatile organics; in this case, sediment, or multiple grabs of sediment, should be
transferred directly from the sample collection device or homogenization container to the sample
container.

Sample Preservation, Containers, Handling, and Storage:

1. Chemical preservation of solids is generally not recommended. Cooling to 4°C is usually
the best approach, supplemented by the appropriate holding time for the analyses
requested.

2. Wide mouth glass containers with Teflon-lined caps are utilized for sediment samples. The
sample volume is a function of the analytical requirements and will be specified in the
work plan.

3. If analysis of sediment from a discrete depth or location is desired, sediment is transferred
directly from the sampling device to a labeled sample container(s) of appropriate size and
construction for the analyses requested. Transfer is accomplished with a stainless steel or
plastic lab spoon or equivalent.

4. If composite sampling techniques or multiple grabs are employed, equal portions of
sediment from each location are deposited into a stainless steel, plastic, or other appropriate
composition (e.g., Teflon) containers. The sediment is homogenized thoroughly to obtain a
composite representative of the area sampled. The composite sediment sample is
transferred to a labeled container(s) of appropriate size and construction for the analyses
requested. Transfer of sediment is accomplished with a stainless steel or plastic lab spoon
or equivalent. Samples for volatile organic analysis must be transferred directly from the
sample collection device or pooled from multiple areas in the homogenization container
prior to mixing. This is done to minimize loss of contaminant due to volatilization during
homogenization.

5. All sampling devices should be decontaminated, then wrapped in aluminum foil. The
sampling device should remain in this wrapping until it is needed. Each sampling device
should be used for only one sample. Disposable sampling devices for sediment are
generally impractical due to cost and the large number of sediment samples that may be
required. Sampling devices should be cleaned in the field using the decontamination
procedure described in the Sampling Equipment Decontamination SOP.

Interferences and Potential Problems: Substrate particle size and organic matter content are a
direct consequence of the flow characteristics of a waterbody. Contaminants are more likely to
be concentrated in sediments typified by fine particle size and a high organic matter content. This
type of sediment is most likely to be collected from depositional zones. In contrast, coarse
sediments with low organic matter content do not typically concentrate pollutants and are
generally found in erosional zones. The selection of a sampling location can, therefore, greatly
influence the analytical results and should be justified and specified in the Work Plan.

Equipment/Apparatus: Equipment needed for collection of sediment samples may include:

e Maps/plot plan
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Safety equipment

Compass

Tape measure

Survey stakes, flags, or buoys and anchors

Camera and film

Stainless steel, plastic, or other appropriate composition bucket
4-0z., 8-0z., and 1 liter, wide mouth jars with Teflon-lined lids
Ziploc plastic bags

Logbook

Sample jar labels

Chain of custody records, field data sheets

Cooler(s)

Ice

Decontamination supplies/equipment

Spade or shovel

Spatula

Scoop

Trowel

Bucket auger

Tube auger

Extension rods

“T” handle

Sediment coring device (tube, drive head, eggshell check value, nosecone, acetate tube,
extension rods, “T” handle)

Ponar dredge

Ekman dredge

Nylon rope or steel cable

Messenger device

Reagents: Reagents are not used for preservation of sediment samples. Decontamination
solutions are specified in the Sampling Equipment Decontamination SOP.

Procedures: Preparation:

1. Determine the objective(s) and extent of the sampling effort. The sampling methods to be
employed, and the types and amounts of equipment and supplies required will be a function
of site characteristics and objectives of the study.

2. Obtain the necessary sampling and monitoring equipment.

3. Prepare schedules and coordinate with staff, client, and regulatory agencies, if appropriate.

4. Decontaminate or pre-clean equipment, and ensure that it is in working order.

5. Perform a general site survey prior to site entry in accordance with the site specific health
and safety plan.

6. Use stakes, flagging, or buoys to identify and mark all sampling locations. Specific site
factors including flow regime, basin morphometry, sediment characteristics, depth of
overlying aqueous layer, contaminant source, and extent and nature of contamination
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should be considered when selecting sample locations. If required, the proposed locations
may be adjusted based on site access, property boundaries, and surface obstructions.

Sample Collection: Selection of a sampling device is most often contingent upon: (1) the depth
of water at the sampling location, and (2) the physical characteristics of the sediment to be
sampled. The following procedures may be utilized:

Sampling Surface Sediment with a Trowel or Scoop from Beneath a Shallow Aqueous Layer:
For the purpose of this method, surface sediment is considered to range from zero to 152.5
millimeters in depth and a shallow aqueous layer is considered to range from zero to 305
millimeters in depth. Collection of surface sediment from beneath a shallow aqueous layer
can be accomplished with tools such as spades, shovels, trowels, and scoops. Although this
method can be used to collect both unconsolidated/consolidated sediment, it is limited
somewhat by the depth and movement of the aqueous layer. Deep and rapidly flowing water
render this method less accurate than others discussed below. However, representative
samples can be collected with this procedure in shallow sluggish water provided care is
demonstrated by the sample team member. A stainless steel or plastic sampling implement
will suffice in most applications. Care should be exercised to avoid the use of devices plated
with chrome or other materials; plating is particularly common with garden trowels.

The following procedure will be used to collect sediment with a scoop, shovel, or trowel:

1. Using a decontaminated sampling implement, remove the desired thickness and
volume of sediment from the sampling area.

2. Transfer the sample into an appropriate sample or homogenization container. Ensure
that non-dedicated containers have been adequately decontaminated.

3. Surface water should be decanted from the sample or homogenization container prior
to sealing or transfer; care should be taken to retain the fine sediment fraction during
this procedure.

Sampling Surface Sediment with a Bucket Auger or Tube Auger from Beneath a Shallow
Aqueous Layer: For the purpose of this method, surface sediment is considered to range
from zero to 152.5 in depth and a shallow aqueous layer is considered to range from zero to
610 millimeters in depth. Collection of surface sediment from beneath a shallow aqueous
layer can be accomplished with a system consisting of bucket auger or tube auger, a series of
extensions, and a “T” handle (Figure 6). The use of additional extensions in conjunction with
a bucket auger can increase the depth of water from which sediment can be collected from
610 millimeters to three meters or more. However, sample handling and manipulation
increases in difficulty with increasing depth of water. The bucket auger or tube auger is
driven into the sediment and used to extract a core. The various depths represented by the
core are homogenized or a subsample of the core is taken from the appropriate depth.

The following procedure will be used to collect sediment samples with a bucket auger or tube
auger:
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1. An acetate core may be inserted into the bucket auger or tube auger prior to sampling if
characteristics of the sediments or waterbody warrant. By using this technique, an intact
core can be extracted.

2. Attach the auger head to the required length of extensions, then attach the “T” handle
to the upper extension.

3. Clear the area to be sampled of any surface debris.

4. Insert the bucket auger or tube auger into the sediment at a 0 to 20° angle from vertical.
This orientation minimizes spillage of the sample from the sampler upon extraction
from the sediment and water.

5. Rotate the auger to cut a core of sediment.

6. Slowly withdraw the auger; if using a tube auger, make sure that the slot is facing
upward.

7. Transfer the sample or a specified aliquot of sample into an appropriate sample or
homogenization container. Ensure that non-dedicated containers have been adequately
decontaminated.

Sampling Deep Sediment with a Bucket Auger or Tube Auger from Beneath a Shallow
Aqueous Layer: For the purpose of this method, deep sediment is considered to range from
152.5 to greater than 457 millimeters in depth and a shallow aqueous layer is considered to
range from zero to 610 millimeters. Collection of deep sediment from beneath a shallow
aqueous layer can be accomplished with a system consisting of a bucket auger, a tube auger,
a series of extensions and a “T” handle. The use of additional extensions can increase the
depth of water from which sediment can be collected from 610 millimeters to 1.5 meters or
more. However, water clarity must be high enough to permit the sampler to directly observe
the sampling operation. In addition, sample handling and manipulation increases in difficulty
with increasing depth of water. The bucket auger is used to bore a hole to the upper range of
the desired sampling depth and then withdrawn. The tube auger is then lowered down the
borehole, and driven into the sediment to the lower range of the desired sampling depth. The
tube is then withdrawn and the sample recovered from the tube. This method can be used to
collect firmly consolidated sediments, but is somewhat limited by the depth of the aqueous
layer, and the integrity of the initial borehole.

The following procedure will be used to collect deep sediment samples with a bucket auger
and a tube auger:

1. Attach the bucket auger bit to the required lengths of extensions, then attach the “T”
handle to the upper extension.

2. Clear the area to be sampled of any surface debris.

3. Begin augering, periodically removing any the auger bucket. Cuttings should be
disposed far enough from the sampling area to minimize cross contamination of
accumulated sediment (i.e., cuttings) from various depths.

4. After reaching the upper range of the desired depth, slowly and carefully remove
bucket auger from the boring.

5. Attach the tube auger bit to the required lengths of extensions, then attach the “T”
handle to the upper extension.
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6. Carefully lower the tube auger down borehole using care to avoid making contact with
the borehole sides and, thus, cross-contaminating the sample. Gradually force the tube
auger into sediment to the lower range of the desired sampling depth. Hammering of
the tube auger to facilitate coring should be avoided as the vibrations may cause the
boring walls to collapse.

7. Remove the tube auger from the borehole, again taking care to avoid contact with the
borehole sides and, thus, cross-contaminating the sample.

8. Discard the top of core (approximately 25.5 mm); as this represents material collected
by the tube auger before penetration to the layer of concern.

9. Transfer sample into an appropriate sample or homogenization container. Ensure that
non-dedicated containers have been adequately decontaminated.

Sampling Surface Sediment with an Ekman or Ponar Dredge from Beneath a Shallow or
Deep Aqueous Layer: For the purpose of this method, surface sediment is considered to
range from zero to 152.5 millimeters in depth. Collection of surface sediment can be
accomplished with a system consisting of a remotely activated device (dredge) and a
deployment system. This technique consists of lowering a sampling device (dredge) to the
surface of the sediment by use of a rope, cable, or extended handle. The mechanism is
activated, and the device entraps sediment in spring loaded or lever operated jaws. An Ekman
dredge is a lightweight sediment sampling device with spring activated jaws. It is used to
collect moderately consolidated, fine textured sediment. The following procedure will be
used for collecting sediment with an Ekman dredge (Figure 7):

1. Attach a sturdy nylon rope or stainless steel cable through the hole on the top of the
bracket, or secure the extension handle to the bracket with machine bolts.

2. Attach springs to both sides of the jaws. Fix the jaws so that they are in open position
by placing trip cables over the release studs. Ensure that the hinged doors on the dredge
top are free to open.

3. Lower the sampler to a point 102 to 152.5 millimeters above the sediment surface.

4. Drop the sampler to the sediment.

5. Trigger the jaw release mechanism by lowering a messenger down the line, or by
depressing the button on the upper end of the extension handle.

6. Raise the sampler and slowly decant any free liquid through the top of the sampler.
Care should be taken to retain the fine sediment fraction during this procedure.

7. Open the dredge jaws and transfer the sample into a stainless steel, plastic or other
appropriate composition (e.g., Teflon) container. Ensure that non-dedicated containers
have been adequately decontaminated. If necessary, continue to collect additional
sediment grabs until sufficient material has been secured to fulfill analytical
requirements. Thoroughly homogenize and then transfer sediment to sample containers
appropriate for the analyses requested. Samples for volatile organic analysis must be
collected directly from the bucket before homogenization to minimize volatilization of
contaminants.

A Ponar dredge is a heavyweight sediment sampling device with weighted jaws that are lever

or spring activated. It is used to collect consolidated fine to coarse textured sediment. The
following procedure will be used for collecting sediment with a Ponar dredge (Figure 8):
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Figure 7. Ekman Dredge.
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Figure 8. Ponar Dredge.
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1. Attach a sturdy nylon rope or steel cable to the ring provided on top of the dredge.

2. Arrange the Ponar dredge with the jaws in the open position, setting the trip bar so the
sampler remains open when lifted from the top. If the dredge is so equipped, place the
spring loaded pin into the aligned holes in the trip bar.

3. Slowly lower the sampler to a point approximately 51 millimeters above the sediment.

4. Drop the sampler to the sediment. Slack on the line will release the trip bar or spring
loaded pin; pull up sharply on the line closing the dredge.

5. Raise the dredge to the surface and slowly decant any free liquid through the screens
on top of the dredge. Care should be taken to retain the fine sediment fraction during
this operation.

6. Open the dredge and transfer the sediment to a stainless steel, plastic or other
appropriate composition (e.g., Teflon) container. Ensure that non-dedicated containers
have been adequately decontaminated. If necessary, continue to collect additional
sediment until sufficient material has been secured to fulfill analytical requirements.
Thoroughly homogenized and then transfer sediment to sample containers appropriate
for the analyses requested. Samples for volatile organic analysis must be collected
directly from the bucket before homogenization to minimize volatilization of
contaminants.

Sampling Subsurface Sediment with a Coring Device from Beneath a Shallow Aqueous
Layer: For purposes of this method, subsurface sediment is considered to range from 152.5
to 610 millimeters in depth and a shallow agqueous layer is considered to range from zero to
610 millimeters in depth. Collection of subsurface sediment from beneath a shallow aqueous
layer can be accomplished with a system consisting of a tube sampler, acetate tube, eggshell
check valve, nosecone, extensions, and “T” handle, or drivehead. The use of additional
extensions can increase the depth of water from which sediment can be collected from 610
millimeters to three meters or more. This sampler may be used with either a drive hammer
for firm sediment, or a “T” handle for soft sediment. However, sample handling and
manipulation increases in difficulty with increasing depth of water.

The following procedure describes the use of a sample coring device (Figure 9) used to
collect subsurface sediments.

1. Assemble the coring device by inserting the acetate core into the sampling tube.

2. Insert the “egg shell” check valve into the lower end of the sampling tube with the
convex surface positioned inside the acetate core.

3. Screw the nosecone onto the lower end of the sampling tube, securing the acetate tube
and eggshell check valve.

4. Screw the handle onto the upper end of the sampling tube and add extension rods as
needed.

5. Place the sampler in a perpendicular position on the sediment to be sampled.

6. If the “T” handle is used, place downward pressure on the device until the desired
depth is reached. After the desired depth is reached, rotate the sampler to shear off the
core at the bottom. Slowly withdraw the sampler from the sediment and proceed to Step
15.
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7. If the drive hammer is selected, insert the tapered handle (drive head) of the drive
hammer through the drive head.

8. Drive the sampler into the sediment to the desired depth.

9. Record the length of the tube that penetrated the sample material, and the number of
blows required to obtain this depth.

10. Remove the drive hammer and fit the keyhole-like opening on the flat side of the
hammer onto the drive head. In this position, the hammer serves as a handle for the
sampler.

11. Rotate the sampler to shear off the core at the bottom.

12. Lower the sampler handle (hammer) until it just clears the two ear-like protrusions on
the drive head, and rotate about 90°.

13. Slowly withdraw the sampler from the sediment. If the drivehead was used, pull the
hammer upwards and dislodge the sampler from the sediment.

14. Carefully remove the coring device from the water.

15. Unscrew the nosecone and remove the eggshell check valve.

16. Slide the acetate core out of the sampler tube. Decant surface water, using care to
retain the fine sediment fraction. If head space is present in the upper end, a hacksaw
may be used to shear the acetate tube off at the sediment surface. The acetate core may
then be capped at both ends. Indicate on the acetate tube the appropriate orientation of
the sediment core using a waterproof marker. The sample may be used in this fashion,
or the contents transferred to a sample or homogenization container.

17. Open the acetate tube and transfer the sediment to a stainless steel, plastic or other
appropriate composition (e.g., Teflon) container. Ensure that non-dedicated containers
have been adequately decontaminated. If necessary, continue to collect additional
sediment until sufficient material has been secured to fulfill analytical requirements.
Thoroughly homogenize and then transfer sediment to sample containers appropriate
for the analyses requested. Samples for volatile organic analysis must be collected
directly from the bucket before homogenization to minimize volatilization of
contaminants.

Calculations: This section is not applicable to this SOP.

QA/QC: There are no specific QA activities that apply to the implementation of these
procedures. However, the following QA procedures apply:

1. All data must be documented on field data sheets or within site logbooks.
2. All instrumentation must be operated in accordance with operating instructions as supplied

by the manufacturer, unless otherwise specified in the work plan. Equipment checkout and
calibration activities must occur prior to sampling/operation, and they must be documented.

Data Validation: This section is not applicable to this SOP.

Health and Safety: When working with potentially hazardous materials, follow USEPA/OSHA
and corporate health and safety procedures.
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More specifically, when sampling sediment from waterbodies, physical hazards must be
identified and adequate precautions must be taken to ensure the safety of the sampling team. The
team member collecting the sample should not get too close to the edge of the waterbody, where
bank failure may cause loss of balance. To prevent this, the person performing the sampling
should be on a lifeline, and be wearing adequate protective equipment. If sampling from a vessel
is determined to be necessary, appropriate protective measures must be implemented.

1.3.7 Soil Sampling (USEPA- Environmental Response Team)

SOP: 2012
PAGE: 1 of 13
REV: 0.0

Scope and Application: The purpose of this SOP is to describe the procedures for the collection
of representative soil samples. Sampling depths are assumed to be those that can be reached
without the use of a drill rig, direct-push, or other mechanized equipment (except for a backhoe).
Analysis of soil samples may determine whether concentrations of specific pollutants exceed
established action levels, or if the concentrations of pollutants present a risk to public health,
welfare, or the environment. These are standard (i.e., typically applicable) operating procedures
that may be varied or changed as required, depending on site conditions, equipment limitations
or limitations imposed by the procedure. In all instances, the actual procedures used should be
documented and described in an appropriate site report. Mention of trade names or commercial
products does not constitute USEPA endorsement or recommendation for use.

Method Summary: Soil samples may be collected using a variety of methods and equipment
depending on the depth of the desired sample, the type of sample required (disturbed vs.
undisturbed), and the soil type. Near-surface soils may be easily sampled using a spade, trowel,
and scoop. Sampling at greater depths may be performed using a hand auger, continuous flight
auger, a trier, a split-spoon, or, if required, a backhoe.

Sample Preservation, Containers, Handling, and Storage: Chemical preservation of solids is not
generally recommended. Samples should, however, be cooled and protected from sunlight to
minimize any potential reaction. The amount of sample to be collected and proper sample
container type are discussed in ERT/REAC SOP #2003 Rev. 0.0 08/11/94, Sample Storage,
Preservation and Handling.

Interferences and Potential Problems: There are two primary potential problems associated with
soil sampling - cross contamination of samples and improper sample collection. Cross
contamination problems can be eliminated or minimized through the use of dedicated sampling
equipment. If this is not possible or practical, then decontamination of sampling equipment is
necessary. Improper sample collection can involve using contaminated equipment, disturbance of
the matrix resulting in compaction of the sample, or inadequate homogenization of the samples
where required, resulting in variable, non-representative results.

Equipment: Soil sampling equipment includes the following:
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Maps/plot plan

Safety equipment, as specified in the site-specific health and safety plan
Survey equipment or global positioning system (GPS) to locate sampling points
Tape measure

Survey stakes or flags

Camera and film

Stainless steel, plastic, or other appropriate homogenization bucket, bowl or pan
Appropriate size sample containers

Ziploc plastic bags

Logbook

Labels

Chain of custody records and custody seals
Field data sheets and sample labels
Cooler(s)

Ice

Vermiculite

Decontamination supplies/equipment
Canvas or plastic sheet

Spade or shovel

Spatula

Scoop

Plastic or stainless steel spoons

Trowel(s)

Continuous flight (screw) auger

Bucket auger

Post hole auger

Extension rods

T-handle

Sampling trier

Thin wall tube sampler

Split spoons

Vehimeyer soil sampler outfit

Tubes

Points

Drive head

Drop hammer

Puller jack and grip

Backhoe

Reagents: Reagents are not used for the preservation of soil samples. Decontamination solutions
are specified in ERT/REAC SOP #2006 Rev. 0.0 08/11/94, Sampling Equipment
Decontamination, and the site specific work plan.
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Procedures: Preparation:

1. Determine the extent of the sampling effort, the sampling methods to be employed, and the
types and amounts of equipment and supplies required.

2. Obtain necessary sampling and monitoring equipment.

3. Decontaminate or pre-clean equipment, and ensure that it is in working order.

4. Prepare schedules and coordinate with staff, client, and regulatory agencies, if appropriate.

5. Perform a general site survey prior to site entry in accordance with the site specific health
and safety plan.

6. Use stakes, flagging, or buoys to identify and mark all sampling locations. Specific site
factors, including extent and nature of contaminant, should be considered when selecting
sample location. If required, the proposed locations may be adjusted based on site access,
property boundaries, and surface obstructions. All staked locations should be utility-cleared
by the property owner or the on-scene-coordinator prior to soil sampling; and utility
clearance should always be confirmed before beginning work.

Sample Collection:

Surface Soil Samples: Collection of samples from near-surface soil can be accomplished
with tools such as spades, shovels, trowels, and scoops. Surface material is removed to the
required depth and a stainless steel or plastic scoop is then used to collect the sample.

This method can be used in most soil types but is limited to sampling at or near the ground
surface. Accurate, representative samples can be collected with this procedure depending on
the care and precision demonstrated by the sample team member. A flat, pointed mason
trowel to cut a block of the desired soil is helpful when undisturbed profiles are required.
Tools plated with chrome or other materials should not be used. Plating is particularly
common with garden implements such as potting trowels. The following procedure is used to
collect surface soil samples:

1. Carefully remove the top layer of soil or debris to the desired sample depth with a pre-
cleaned spade.

2. Using a pre-cleaned, stainless steel scoop, plastic spoon, or trowel, remove and discard
a thin layer of soil from the area that came in contact with the spade.

3. If volatile organic analysis is to be performed, transfer the sample directly into an
appropriate, labeled sample container with a stainless steel lab spoon, or equivalent and
secure the cap tightly. Place the remainder of the sample into a stainless steel, plastic,
or other appropriate homogenization container, and mix thoroughly to obtain a
homogenous sample representative of the entire sampling interval. Then, either place
the sample into appropriate, labeled containers and secure the caps tightly; or, if
composite samples are to be collected, place a sample from another sampling interval
or location into the homogenization container and mix thoroughly. When compositing
is complete, place the sample into appropriate, labeled containers and secure the caps
tightly.
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Sampling at Depth with Augers and Thin Wall Tube Samplers: This system consists of an
auger, or a thin-wall tube sampler, a series of extensions, and a “T” handle (Figure 6). The
auger is used to bore a hole to a desired sampling depth, and is then withdrawn. The sample
may be collected directly from the auger. If a core sample is to be collected, the auger tip is
then replaced with a thin wall tube sampler. The system is then lowered down the borehole,
and driven into the soil to the completion depth. The system is withdrawn and the core is
collected from the thin wall tube sampler.

Several types of augers are available; these include: bucket type, continuous flight (screw),
and post-hole augers. Bucket type augers are better for direct sample recovery because they
provide a large volume of sample in a short time. When continuous flight augers are used, the
sample can be collected directly from the flights. The continuous flight augers are
satisfactory when a composite of the complete soil column is desired. Post-hole augers have
limited utility for sample collection as they are designed to cut through fibrous, rooted,
swampy soil and cannot be used below a depth of approximately one meter.

The following procedure is used for collecting soil samples with the auger:

1. Attach the auger bit to a drill rod extension, and attach the “T” handle to the drill rod.

2. Clear the area to be sampled of any surface debris (e.g., twigs, rocks, litter). It may be
advisable to remove the first 76 to 152.5 millimeters of surface soil for an area
approximately 152.5 in radius around the drilling location.

3. Begin augering, periodically removing and depositing accumulated soils onto a plastic
sheet spread near the hole. This prevents accidental brushing of loose material back
down the borehole when removing the auger or adding drill rods. It also facilitates
refilling the hole, and avoids possible contamination of the surrounding area.

4. After reaching the desired depth, slowly and carefully remove the auger from the hole.
When sampling directly from the auger, collect the sample after the auger is removed
from the hole and proceed to Step 10.

5. Remove auger tip from the extension rods and replace with a pre-cleaned thin wall
tube sampler. Install the proper cutting tip.

6. Carefully lower the tube sampler down the borehole. Gradually force the tube sampler
into the soil. Do not scrape the borehole sides. Avoid hammering the rods as the
vibrations may cause the boring walls to collapse.

7. Remove the tube sampler, and unscrew the drill rods.

8. Remove the cutting tip and the core from the device.

9. Discard the top of the core (approximately 25.5mm), as this possibly represents
material collected before penetration of the layer of concern. Place the remaining core
into the appropriate labeled sample container. Sample homogenization is not required.

10. If volatile organic analysis is to be performed, transfer the sample into an appropriate,
labeled sample container with a stainless steel lab spoon, or equivalent and secure the
cap tightly. Place the remainder of the sample into a stainless steel, plastic, or other
appropriate homogenization container, and mix thoroughly to obtain a homogenous
sample representative of the entire sampling interval. Then, either place the sample into
appropriate, labeled containers and secure the caps tightly, or if composite samples are
to be collected, place a sample from another sampling interval into the homogenization
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container and mix thoroughly. When compositing is complete, place the sample into
appropriate, labeled containers and secure the caps tightly.

11. If another sample is to be collected in the same hole, but at a greater depth, reattach
the auger bit to the drill and assembly, and follow steps 3 through 11, making sure to
decontaminate the auger and tube sampler between samples.

12. Abandon the hole according to applicable state regulations. Generally, shallow holes
can simply be backfilled with the removed soil material.

Sampling with a Trier: The system consists of a trier and a “T” handle. The auger is driven
into the soil to be sampled and used to extract a core sample from the appropriate depth.

The following procedure is used to collect soil samples with a sampling trier:

1. Insert the trier (Figure 10) into the material to be sampled at a 0° to 45° angle from
horizontal. This orientation minimizes the spillage of sample.

2. Rotate the trier once or twice to cut a core of material.

3. Slowly withdraw the trier, making sure that the slot is facing upward.

4. If volatile organic analyses are required, transfer the sample into an appropriate,
labeled sample container with a stainless steel lab spoon, or equivalent and secure the
cap tightly. Place the remainder of the sample into a stainless steel, plastic, or other
appropriate homogenization container, and mix thoroughly to obtain a homogenous
sample representative of the entire sampling interval. Then, either place the sample into
appropriate, labeled containers and secure the caps tightly, or if composite samples are
to be collected, place a sample from another sampling interval into the homogenization
container and mix thoroughly. When compositing is complete, place the sample into
appropriate, labeled containers and secure the caps tightly.

Sampling at Depth with a Split Spoon (Barrel) Sampler: Split spoon sampling is generally
used to collect undisturbed soil cores of 457 or 610 millimeters in length. A series of
consecutive cores may be extracted with a split spoon sampler to give a complete soil column
profile, or an auger may be used to drill down to the desired depth for sampling. The split
spoon is then driven to its sampling depth through the bottom of the augured hole and the
core extracted.

When split spoon sampling is performed to gain geologic information, all work should be
performed in accordance with ASTM D1586-98, Standard Test Method for Penetration Test
and Split-Barrel Sampling of Soils.

The following procedures are used for collecting soil samples with a split spoon:

1. Assemble the sampler by aligning both sides of barrel and then screwing the drive shoe
on the bottom and the head piece on top.

2. Place the sampler in a perpendicular position on the sample material.

3. Using a well ring, drive the tube. Do not drive past the bottom of the head piece or
compression of the sample will result.
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4. Record in the site logbook or on field data sheets the length of the tube used to
penetrate the material being sampled, and the number of blows required to obtain this
depth.

5. Withdraw the sampler, and open by unscrewing the bit and head and splitting the
barrel. The amount of recovery and soil type should be recorded on the boring log. If a
split sample is desired, a cleaned, stainless steel knife should be used to divide the tube
contents in half, longitudinally. This sampler is typically available in 51 and 89
millimeter diameters. A larger barrel may be necessary to obtain the required sample
volume.

6. Without disturbing the core, transfer it to appropriate labeled sample container(s) and
seal tightly.

Test Pit/Trench Excavation: A backhoe can be used to remove sections of soil, when
detailed examination of soil characteristics are required. This is probably the most expensive
sampling method because of the relatively high cost of backhoe operation.

The following procedures are used for collecting soil samples from test pits or trenches:

1. Prior to any excavation with a backhoe, it is important to ensure that all sampling
locations are clear of overhead and buried utilities.

2. Review the site specific health and safety plan and ensure that all safety precautions
including appropriate monitoring equipment are installed as required.

3. Using the backhoe, excavate a trench approximately one meter wide and
approximately 305 millimeters deep below the cleared sampling location. Place
excavated soils on plastic sheets. Trenches greater than 1.5 meters deep must be sloped
or protected by a shoring system, as required by OSHA regulations.

4. A shovel is used to remove a 25.5 to 51 millimeter layer of soil from the vertical face
of the pit where sampling is to be done.

5. Samples are taken using a trowel, scoop, or coring device at the desired intervals. Be
sure to scrape the vertical face at the point of sampling to remove any soil that may
have fallen from above, and to expose fresh soil for sampling. In many instances,
samples can be collected directly from the backhoe bucket.

6. If volatile organic analyses are required, transfer the sample into an appropriate,
labeled sample container with a stainless steel lab spoon, or equivalent and secure the
cap tightly. Place the remainder of the sample into a stainless steel, plastic, or other
appropriate homogenization container, and mix thoroughly to obtain a homogenous
sample representative of the entire sampling interval. Then, either place the sample into
appropriate, labeled containers and secure the caps tightly, or if composite samples are
to be collected, place a sample from another sampling interval into the homogenization
container and mix thoroughly. When compositing is complete, place the sample into
appropriate, labeled containers and secure the caps tightly.

7. Abandon the pit or excavation according to applicable state regulations. Generally,
shallow excavations can simply be backfilled with the removed soil material.

Calculations: This section is not applicable to this SOP.
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QA/QC: There are no specific QA activities which apply to the implementation of these
procedures. However, the following QA procedures apply:

1. All data must be documented on field data sheets or within site logbooks.

2. All instrumentation must be operated in accordance with operating instructions as supplied
by the manufacturer, unless otherwise specified in the work plan. Equipment checkout and
calibration activities must occur prior to sampling/operation, and they must be documented.

Data Validation: This section is not applicable to this SOP.
Health and Safety: When working with potentially hazardous materials, follow USEPA, OHSA,

and corporate health and safety procedures, in addition to the procedures specified in the site
specific health and safety plan.

164



1.3.8 Survey of Environmental Contaminants National Park Service

- Dedicated to improving the health of diverse populations -

What park are you reporting on?
What is your position at the park?
Do you have a WWTP or WTP operation within your

park? Neither ll

Does your waste go to a municipal waste facility or do you "m
have septic systems or both? —

How large a janitorial staff do you have?

Have you converted to “green” products? No L|
What products are used?

597

Do you have a paint shop?
What type of products are used?

Do you have an autoshop?

Do you recycle oil or antifreeze? Neither

What is your vehicle fleet size?

. Neither
Do you use diesel or gas or both?

Underground storage tanks?
Have the tanks been recently replaced?

Do you have a hazardous waste storage area?
What types of wastes are stored?




991

Have you had a spill, if so what/when/where?

Do you have a lab? If so what is its primary use? What
chemicals do you routinely use. How much waste is
generated per year roughly from lab activities?

Do you have a landfill in close proximity (either historic or
currently used)?
If so, name the facility.

Do you have boat operations?
If so, estimate the fleet size.

Do you have marina?

Does illegal dumping occur within your park?
Is one particular area targeted?

Is there a hazardous waste site within or near your
boundaries?
If so where and name the site.

What contaminant threats pose the greatest concern to you
from outside the boundaries?

What contaminant threats pose the greatest concern to you

from inside the boundaries?
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Do you salt your roads, if so what is sand/salt ratio?
Is it under cover?

Are there any historic practices that existed in the park that
you would now consider a contaminant problem (i.e., oiling
sand roads with used motor oil)?

Do you fertilize lawns?

Do you use pesticides? What types?

With what frequency does your use of pesticides need to be
supplemented?

Do you flush wells?
If so what is technique?

Do you use pressure treated wood?
Creosote or CCA treated?

Do you do prescribed fires?
How many acres per year?

Have you burned buildings for demolition or training
historically?
Currently?

Do you store batteries for recycling?

Do you have a photo lab?
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Do you own buildings which are being renovated?
(concern associated with Hg, PCB)?

Do you have a waste oil furnace?

Do you ave buildings with asbestos tiles or lead paint?

Are your pipes covered in ashestos wraps?

Do you have termites?
If so how are they treated?

Are any of your facilities formerly used Defense Sites?

Do you know of any unexploded ordnance issues?

Do you have old transformers?

How do you deal with refrigerant coolants?

Do you have any incinerators?

How do you store and dispose of tires?
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INatural Resource Assessment Questions (to establish setting and exposure pathways)

Do you have any T&E species present in your boundaries? ||| No -

What do you consider as your most sensitive habitats?

What type of water resources do you have?

What other threats (other than contaminants) exist within
your park?

Please provide a recent copy of your General Management Plan and an old Resource Management Plan (if available).

Submit
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