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Abstract - . '@

As part of the Minerals Management Service’s environmental studies of oil and gas
exploration and production activities in the Alaskan Beaufort Sea, a study was
conducted in 1989 to monitor the imarine environment for inputs of chemicals related
to drilling and exploration. This study represented a continuation of the Beaufort Sea
Monitoring Program (BSMP) first begun in 1984 (Boehm et al., 1987). As before,
the 1989 BSMP was designed to monitor sediments and selected benthic organisms
for trace metals and hydrocarbons so as to infer any changes that might have resulted
from drilling and production activities. A series of forty-nine (49) stations were
sampled during this program, thirty-nine (39) of which had been previously studied in
the 1984-1986 BSMP. The study area extended from Cape Halkett on the western
end of Harrison Bay to Griffin Point, east of Barter Island. The sampling design
combined an area-wide approach in which stations were treated as replicates of eight
(8) specific geographic regions, with an activity-specific approach, which focused on
the potential establishment of metal or hydrocarbon concentration gradients with
distance from the Endicott Production Field in Prudhoe Bay. The analytical program
focused on the analysis of the fine-fraction of the sediment for a series of trace
metals and elements and the analysis of a suite of saturated and aromatic
hydrocarbons in the bulk sedimcr:lt. The total organic carbon (TOC) content and the
grain size distribution in the sediments were determined as well. Benthic bivalve
molluscs, representative of several feeding types (Astarte borealis, Portlandia arctica,
Macoma calcarea, Cyrtodaria kurriana) were collected from those stations for which
data previously existed from the 1984-1986 BSMP, and were analyzed for metals and
‘saturated and aromatic hydrocarbons. The benthic amphipods Anonyx sp. were
collected, pooled by station or reégion, and analyzed as well.

Total concentrations of the trace metals in the sediment fine fraction were relatively
uniform throughout the study area, suggesting that the fine fraction (<62.5 pum) of
sediment was reasonably homogenous across the inner shelf. Ba and Cr were found
to be significantly higher in Region 5 adjacent to the Colville River than in other
regions and Cr, Cu, and V levels were higher in Region 4. Normalization of trace
metal results to percent Fe or Al helped to reduce variability due to sediment
mineralogy differences. Regional means for the 1989 metal data set were in close
agreement with the previous data. However, systematic differences were observed
for Ba and V where the 1989 results were higher (approximately +200 ppm for Ba;
+20-40 ppm for V) than previously observed. These differences were believed
mainly to be related to the use of ICP in the previous program. Differences were
also observed between the 1989 and previous tissue results, although agreement was
excellent after correction was made for the reporting basis (i.e. dry weight - weight
wet discrepancy). This result indicated that no regional changes in tissue trace metals
were detected.

Results for the hydrocarbon analyses indicated that total saturated hydrocarbon levels
observed in the 1989 data set were lower than previously observed. These
differences can be attributed to improved methods in determining the unresolved

xix
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Abstract (continued) = |

complex mixture (UCM) in the 1989 samples as well as overestimated percent
recoveries in the 1986 dataset. However excellent agreement in saturated
hydrocarbon (alkane) composition, as evidenced by the LALK/TALK ratio as well as
other alkane diagnostic ratios, was observed between the 1989 and previous data sets.
This result indicated that no petroleum hydrocarbons attributable to recent drilling or
production inputs were detected at any locations. The newly sampled Griffin Point
area to the East of Barter Island, contained the lowest levels of all saturated
hydrocarbons; however the composition of these hydrocarbons was very similar to
those in the other regions. In the Endicott Development area variability between
stations can be ascribed to vaﬁability in sediment grain size rather than to any source
believed to the drilling activities.; Metals results also supported this finding.

. . } . .

Concentrations of PAH compounhs found in the 1989 samples did not differ
S1gmficantly those observed prev1ously Regional differences were ascribed to
differences in depositional processes rather than to local pollutant inputs. Significant

amounts of petrogenic PAH were observed in all sediments as confirmed in the alkyl-

homologue distributions. This result confirmed previous findings on PAH levels and
distributions. - Neither the absolute PAH concentrations nor the compositional
information suggested s1gn1ﬁcant input of Prudhoe Bay-type crude oil inputs to the

Endicott Development area. No igradients, other than those attributable to grain size -

differences were observed ad_]acent to the development area. - Use of additional PAH
diagnostics (e.g. ratios of individual alkylated P and D compounds) confirmed this
result. PAH results for the tissue samples indicated very low levels of PAH -
petrogenic or combustion-deﬁVed in the tissues. The absence of the sensitive
petroleum marker compounds, the dibenzothiophenes and the phenanthrenes,

supported the finding that no s1gmﬁcant drilling or producnon-related chemical inputs

were detected in the benthic ammals of the study area.

| ArthirD Little
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List of Abbreviations énd Acronyms

AAS
ADL

ANOVA
ANWR
BSMP
CHN
cv
DDW
DOI
EICP
EPA
FFP1
FIT
GC
GC/FID
GC/MS
GFAA
GPS
ICP
INAA
ISO
K-D
LALK
MDL
MMS
MSD
NP
NOAA
NOAA/NIST
NODC
OCS
OEPI
P/D
PPB
PPM
PAH
RF
RRI
RSD
SD
SHC
SIM
SRM

Atomic absorpuon spectrophotornetry
Arthur D. Little

Alkyl homologue distribution
Analysis of Vana.nce

Arctic W11d11fe National Refuge
Beaufort Sea, Monrtormg Program

_Carbon Hydrogen Nitrogen Analyzer

Coefficient of variation (SD/Mean) x 100
Distilled. delomzed water .

Department of Interior

Extraction ion current profile
Environmental Protection Agency

‘Fossil fuel pollution index
- Florida Institute of Technology

Gas chromatography

Gas chromatography/Flame Ionization Detection

Gas Chromatography/Mass Spectrometry

Graphite furnace atomic absorpnon spectrophotometry

- Global posmonmg system

Inductively coupled plasma \
Instrumentalheutron activation analysrs

- Isoprenoid alkanes.

Kudema - Damsh appartus
Lower-molecular-weight alkanes
Method detection Limit.

Minerals Management Service

Mass selective detector o
Naphthalenes/phenanthrenes
National Oceanic Atmospheric Association
NOAA/National Institute of Standards
National Oceanic Data Center

Outer continental shelf

Odd even preference index
Phenanthrenes/dibenzothiophenes
‘Parts per billion (ng/g, ug/L)

Parts per rmlhon (1g/g, or mg/L)

' Polynuclear 'aromatic hydrocarbons

Response factor -
Relative retention indices:

* Relative standard deviation

Standard deviation _
Saturated hydrocarbons
Selected ion monitoring
Standard reference matenal
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List of Abbrevlatlons and Acron{;ms (contlnued)

V

|
TALK - Total alkanes
TOC - Total organic:carbon (ug/g)
TOT - Total resolved plus unresolved saturated hydrocarbons

concentranons (ng/e)

TPAH - Total polynuclear aromatic hydrocarbons (ng/g)
UCM - 'Unresolved complex mixture (unresolved ‘envelope”)
XRF - X-ray fluorescence -
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1.0 . Introduction

1.1 General Background

Under the Outer Continental Shé,lf Lands Act (P.L. 92-372), as amended, the
Department of Interior (DOI), Minerals Management Service (MMS) is charged with
a regulatory mandate requiring the performance of environmental studies in support
of offshore oil and gas leasing activities. The marine environment is to be monitored
in order to gather information required for assessing potential impacts on the marine
environment resulting from oil and gas exploration and development activities.
Environmental information is needed to support current and future leasing decisions.

The first lease offering in the Beaufort Sea, held on December 11, 1979, was the
joint Federal/State Beaufort Sea Oil and Gas Lease sale. Additional federal lease
offerings were held in October 1982 (Sale 71), in August 1984 (Sale 87), and in
March 1988 (Sale 97). One addmonal Beaufort Sea lease offering (Sale 124) is
scheduled for February 1991. In response to the high resource potential in the
Beaufort Sea, the oil industry has been very active in federal and state leasing areas
(Table 1.1). Three-hundred and seventy-two leases were issued as part of these three
sales in the Beaufort Sea Planning Area. According to MMS, great interest was
shown by industry in the eastern and western Beaufort Sea. This eastern area lies in
the coastal plain of the Arctic Wildlife National Refuge (ANWR). ‘
In response to the need to conduct environmental monitoring related to these
activities in the Beaufort Sea, MMS and the National Oceanic Atmospheric
Association (NOAA) jointly sponsored a workshop in September 1983. This
workshop focused on developing approaches to assess the potential for environmental
changes and impacts. The proceedings of the workshop (Dames and Moore, 1984)
established a framework for environmental monitoring and for implementing the
initial phase of the Beaufort Sea Monitoring Program (BSMP). The objective of the
initial three-year program was:to determine if changes in key toxic and source-
diagnostic chemicals were detectable in the Beaufort Sea environment. The three-
year study was performed in 1984-1986; the final report of that study was completed
in December, 1987 (Boehm et al. 1987).

The 1984-1986 BSMP focused mainly on the areas offered for lease in Beaufort Sea
Sales (BF, 71 and 87). The BSMP combined reconnaissance and monitoring effort in
the nearshore Beaufort Sea from Pitt Point to Barter Island, concentrating on
hydrocarbon and trace metal levels, compositions, and geographical distributions in
the study area (Figures 1.1 and 1.2) (Boehm et al., 1985, 1986, 1987; Crecelius et al.,
1990; Steinhauer and Boehm, 1990). The design of the program was initially
established using the recommendations of the 1983 workshop as a gmde During the
course of the BSMP, the sampling and analytical designs were revised in order to
better meet the program objectives.
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Table 1.1 Summary of Oil and Gas Activities in the Beaufort Sea Planning Area®

I ' i )

; | . .
Sale Prospect Block No./OPD Lease No Operator . Wells

Bl . . ! | .
71 Antares 971 (NR 5-2) 0280 Exxon 2
87! Orion 8 (NR 5-4) 0804 Exxon 1
BE Seal Island 472 (NR 6-3) 0180 Shell 1

! 516 (NR 6-3) 0181 Shell 1

State Lease -
71 Sandpiper " 424 (NR 6-3) 0370 Shell 1

| 425 (NR 6-3) - 0371 Amoco 1

71 Mars 140 (NR 5-4) 0302 Amoco 1
87 Hammerhead 624 (NR 6-4) 0849 Union 2
87 Corona 678 (NR 6-4) 0871 Shell 1
B]L Northstar State Lease -- Amerada Hess 2
- Niakuk State Lease Sohio 6
- Endicott® State Lease - - Sohio 25°
BF Beechy Point 654 (NR 6-3) 0191 Exxon 2
B1F Tern Island 744 (NR 6-3). 0195 Shell 1

| ‘ 745 (NR 6%3) 0196 Shell - 1

i 789 (NR 6-3) 0197 Shell 1
71 Mukluk 280 (NR 5:4) 0334 ~ Sohio 1
71 Phoenix 284 (NR 5:4) 0338 Tenneco 1
87 Eric 705 (NR 7-3) - 0912 Amoco d
87 Belcher 725(NR7-3) . 0917 Amoco 1
87 Aurora ‘890 (NR 7-3) 0943 Tenneco 1
87 Thorgisi 495 (NR 7-3) 0903 Amoco d
EF Karluk State Lease -

aSource MMS, Alaska OCS Reglon, Anchorage, AK 1990
q[n production .
“As of 10-21-87

dyProposed activity

l
1
|
|
|

J

i
i

u
1
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1.0

Introduction (continued)

The 1989 BSMP continued and added to the 1984-86 program. The design strategy
was linked to the previous approaches of Boehm et al. (1985, 1986, 1987), but
included modifications to provide a more efficient and focused technical approach to
the program while enhancing the areal coverage of the study.

1.2 Program Objectives

The BSMP was developed to evaluate the impact of oil and gas exploration and
production on the marine environment of the Beaufort Sea. The objectives of the

1989 program were as follows:

To detect and quantify changes in the concentrations of trace metals and
hydrocarbons in the Beaufort ‘Sea sediments and sentinel organisms that may

result from discharges from outer continental shelf (OCS) oil and gas
development activities,

adversely affect or mduce adverse effects on humans or on the environment,
and -

influence federal OCS mgulaww management decisions.

To identify potential causes of these ehanges.

In order to address these ob]ecuves, and following the recommendations of the design

workshop (Dames and Moore, 1983), the following null hypotheses were developed

for testing within the framework of the program design:

I

Hol: There will be no change in sediment concentrations of selected

metals or hydrocarbons.

Ho2: Changes in concentrations of selected metals or hydrocarbons in

sediments are not related to oil and gas development.

Ho3: There will be no change in the concentrations of selected

metals or hydrocarbons in selected sentinel organisms.

Ho4: Changes in concentratrons of selected metals or hydrocarbons in

selected sentinel organisms are not related to OCS oil and gas
development.

Arl:hlr D Little
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The following activities, measurements and data analysis techniques were developed
and used (Boehm et al., 1987) to test the null hypotheses:

+ Collection of continental shelf surface sediments (0-1 cm), and a mixed
assemblage of benthic bivalves and gammarid amphipods. -

. L_aboratory analyses for trace metals and hydrocarbons in sediments and animals,
and sediment grain size and total organic carbon in sediments.

« Statistical analyses to test the null hypotheses for evaluatmg effects of OCS oil
and gas-related activities.
1
« Evaluation of the efficacy of tihe monitoring prograrn design based on the results,
and the recommendation of refinements.
1.3 Summary of the Previous Monltorlng Approach
} o ‘
In the 1984-1986 BSMP, the region between Pitt Point and Barter Island was studied
for evidence of anthropogenic inputs resulting from oil drilling and production
activities. The study focused on hydrocarbons ‘and trace metals in surface sediments,
the deposit and adherence of- contammants onto sediment particles, and animal tissues
of various feedmg types. Three !samplmg strategies were employed:

1) A regional or area-wide a_pproach.
o i
2) An activity-speciﬁc.apprdach at the Endicott development.

. :

3) A gradient approach at Ehdicott and offshore from the Colville River delta.
Thirty-nine (39) sampling stations were selected from within "blocks" (Figure
1.3) having high or highest potential drilling activity and hence "risk” (Dames
and Moore, 1983). The selected stations were sampled at least once during
the 1984-1986 study. Each station was sampled for surface sediment; for the
most part these stations were sampled annually for three years. Each set of
station measurements was replicated. A mixture of bivalve molluscs and
gammarid amphipods was obtained from a subset of stations. Natural source
material river sediments and coastal peat were also examined to aid in the
assessment of offshore sedrment sources and potentlal 1mpacts

The annual and three-year mean‘values and variances of all measuremems were
determined at each station. The!annual and three-year mean values and variances for -
all measurements were determmed for each of the six delineated regions in the 1984-
1986 study. Hydrocarbon and metals measurements were converted to a set of
source-diagnostic ratios in order to determine the source of any differences between
stauons, or at the same stanons over the three-year study

}
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1.0 Introduction (continued)

/
1.4 Deslign Modifications for the 1989 Study

In the 1984-1986 study, the designs of the sampling and analytical programs were
revised annually based on information and data collected as part of the program. In
the final report for the 1984-1986 study (Boehm et al., 1987), additional :
modifications were recommended to the existing program design. The 1989 study
incorporated several of the recommendations and the future needs of MMS into the

Figure 1.3 program design. Two primary aspects of the original design were:

1) A focus on station locations within lease Sale No. 71 and BF study areas, and

2) A combination of an "area-wide" sampling strategy with an "activity-specific”
strategy. The former strategy included mixed placement and random selection

of stations within the areas of "highest" and "hlgh" risk, as defined in Dames
and Moore, 1983 (Figure 1.3).

The following are the primary design features and modifications that were

‘incorporated in the 1989 program:

1) All 1984-1986 sediment sampling stations were resampled.

2) Stations that were part of the "regional” (area-wide) strategy were re-sampled.
Replicate samples from these stations were composited in the laboratory. Each
station was treated as a replicate for the region. The hypotheses were tested by
comparing three~year reglonal mean values, to the new, 1989 regional mean
value.

3) All replicates of regional stations were analyzed for total organic carbon (TOC),
one station in each of the regions were analyzed in replicate for all parameters.

4) The regional strategy was expanded to include 3 stations in a new region east of
Barter Island. Samples from these new stations were considered replicates and
were analyzed separately. . -

5) The "activity-specific” and "gradient” strategies focused on the Endicott
development area. Six new stations, in addition to the existing five stations were
located around Endicott Island. All replicates from the "acuvxty-spemﬁc stations
were analyzed for all parameters.

These design modifications are discussed in greater detail later in this report.

Arthur D I.ittle
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1.0 ‘Introductlon (conti r{ued)

1.5 Analytical Rationale

The analytical program involved the determination of trace metals, saturated
hydrocarbons (SHCs), polynuclear aromatic hydrocarbons (PAHs), TOC, and grain
size. These analytes were selected on the basis of their association with oil and gas
exploration and production, as chemical tracers or important constituents of
environmental concern. '

TOC and grain size measurements are useful geochemical tools and were used to
assist in interpreting trace metals and hydrocarbon distributions in sediments. TOC
measurements were used to normalize the hydrocarbon concentrations so that
anomalies in the sediment may be correctly attributed to the presence of
anthropogenic hydrocarbons (Boehm et al., 1987). Sediment grain size is the
measure of the frequency and distribution of particles of differing size ranges within
the sediment matrix. Grain-size analysis provided general information on the extent
of deposition at the various regions and was used as a normalizing parameter
accounting for variability related to particle size.

Nine elements in sediments and seven elements in animal tissues were selected for
analysis: barium (Ba), chromlum (Cr), vanadium (V), lead (Pb), copper (Cu), zinc
(Zn), and cadium (Cd) in both sediment and tissue; iron (Fe) and aluminum (Al) .
were analyzed in sediment only. Barium, Cr, Pb, and Zn are the metals most
frequently present in drilling fluids at concentrations significantly higher than in
natural marine sediments. Vanadmm is a useful inorganic indicator of oil
contamination. Copper and Cd are toxic, but are found only as trace impurities in
drilling fluids. Iron and Al can be used to factor out different sediment mineralogy,
changes in which may mask dxfferences in the concentration of metals in sediment
due to drilling-related contamination.

l
The hydrocarbon analytical program focused on determinations of total hydrocarbon
content as well as detailed saturated hydrocarbon (normal and isoprenoid alkanes) and
aromatic hydrocarbon (md1v1dua1 homologous series of two- to five-ring PAHs)
distributions. ;

The concentrations of the major saturated hydrocarbons, which include the C,,-to-
C;4 normal alkanes and selected isoprenoids (relative retention indices [RRI] 1380,
1470-farnesane, 1650, 1708-pristane and 1810-phytane), were determined in sediment
and tissue samples These were used to evaluate the nature of the source of
hydrocarbons in the samples and to differentiate biogenic from anthropogenic inputs
of hydrocarbons. A number of diagnostic parameters and ratios (Boehm et al., 1987)
calculated from results of saturated analysis (e.g., total alkanes, TALK; lower-
molecular-weight alkanes, LALK) were used to distinguish between sources of
hydrocarbons in the environmental samples (sec Section 5, Data Analysis and
Interpretation for definitions of these diagnostic parameters and ratios) and to test

1-9
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hypotheses Ho2 and‘ Hod4, which relate to whether pollutant inputs can be attributed
to Beaufort Sea oil and gas exploration and producnon acnvmes

In recent studies, aromatic compounds, particularly the 2- through 5-ringed PAHs,

“have been found to be extremely useful in examining both fate and effects issues

related to anthropogenic pollution. Additionally, the Beaufort Sea sediments have
been determined to contain anomalous PAH concentrations and compositions
compared with other OCS sediments (Boehm and Requejo, 1986; Boehm et al.,
1987). The PAHs selected for:analysis in the sediment and’animal samples are listed
in Section 3 and include the priority-pollutant PAHs, as well as other environmentally -
important PAHs. The PAHs of environmental concern include the lower-molecular-
weight compounds that may contnbute to the acute toxicity in organisms, and the
higher- molecular-weight compounds that may produce chronic effects in organisms
(Neff and Anderson, 1981). The other PAHs and heterocyclic compounds
(dibenzothiophene and its alkyl homologues) targcted which include parent and
alkyl-substituted compounds, werc used as part of the determination of the source of
hydrocarbons in environmental samples. Concentrations of the selected PAH:s in the
samples were also used to caloulatc diagnostic source parameters and ratios.

The concentrations of unsubstituted and alkylated aromatic compounds were used to
calculate ratios and gcochemigal indices that are used to fingerprint petroleum, the
degree of weathering, and petrogenic or pyrogenic origins. Specific analytical
methods and the significance of the vanous ratios and indices are further discussed in
Section 5. |

1.6 Review Of The Study Agea'-

1.6.1 Location. The Beaufort Sea, which is a part of the Arctic Ocean, lies north of
Alaska and western Canada, at latitudes approximately 71°N. The Planning Area
covers more than 200,000 km?. However, the proposed Sale 124 lease extends to
about the 1,000-m isobath, anid would offer-approximately 89,000 km? for lease. The
Planning Area extends from the disputed United States/Canadian jurisdiction line
(approximately 141 °W longltude) in the east to 162 °W longitude in the Chukchi
Sea in the west. The study area (Flgure 1.1) encompasses a distance of
approximately 400 km ! )
1.6.2 Physlcal envlronment 'I'he nearshore coastal zone of the Beaufort Sea is
characterized by numerous narrow barrier islands, particularly between Harrison Bay
and Camden Bay. Several rivers drain into the area, the largest being the Colville
River. This river accounts for a large fraction of the sediment input into the region.
The Alaskan Beaufort Sea continental shelf is quite shallow with an average water
depth of 37 meters. Itisa relatxvely narrow feature and the distance from the shore
to the shelf break ranges from 60-120 meters. Depths in the Beaufort Sea study area,
which extends beyond the shclf break to the upper continental slope, range from 2

Arthur D Little




| mean westward flow in the summer and a mean eastward flow in the winter. Other

' 'f than peat (Schell et al,, 1984) Apparently, amphipods such as Onisimus spp., which

1 in shallow waters (<2 m) to greater than 40 g/m in coastal lagoons.
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| meters to slightly more than 1000 meters (MMS, 1990) ' A dominant oceanographic
! feature of the Beaufort Sea is sea ice. There are several ice zones defined in this

1 area. Ice scour influences the bottom of the Stamuki zone, a zone of ice shear

| characterized by massive ice ndges Circulation on the inner shelf is prxmanly wind.
| driven. The year-round mean surface current direction along the Beaufort Sea coast,
from Barter Island to Point Barrow is to the west. [East of Barter Island, there is a

factors comnbutmg to water movement in'the inner shelf waters (depths less than 40
meters) include river discharge, i ice melt and geomorphology of the coast

! (Hachmeister and Vinelli, 1984, from MMS, 1990). Circulation in the outer .

; continental shelf waters and slope waters (depths greater than 40 meters) are

f dominated by the Beaufort Gyre, which moves water in a westerly direction. Tides
are semidiurnal with an amplitude of only 15 to 20 cm (Matthews, 1981) and do not
{ contribute substantially to current flows in areas of open water, such as bays. They
are important however within and between barrier islands, and in winter are

I} accelerated by the decreased thlckness of the unfrozen water layer (MMS, 1987).
!

|

t

1.6.3 Sedlment envlronment anary sources of sediment in this area are riverine
input of suspended particulate matter and erosional transport of coa_stal peat. The
riverine and coastal peat contribute significant amounts of organic carbon and fossil
hydrocarbons to coastal’ sedrments Inputs of sediments are characterized by large
episodic fluxes of river and erosronal inputs. -Major mechanisms of large-scale
‘sediment transpon and dlspersron in the region include transport in suspension, on-ice
transport from river overﬂows, storm-driven bed transport, and ice rafting (Sharma,
1983). Net sediment transport is generally to the west due to prevailing westerly
winds. Storms account for large scale shoreline erosion and sediment transport.

i | i

| 1.6.4 Biological environment. Terrestrial carbon, primarily in the form of peat,
predominates the coastal manne environment of the Beaufort Sea. The major source
! of carbon for secondary producuon appears to be marine primary production rather

are an important food source for major marine predators, have a limited ability to

! assimilate peat carbon. In contrast, freshwater food chains of the Colville and other

i rivers in the area are peat-based because the dominant primary consumers, aquatic

: insects, can utilize peat carbon. Therefore, freshwater food chains are peat-based

i while marine food chains are[phytoplankton-based Despite the presence of ice cover
) for much of the year, zooplankton diversity in the nearshore Beaufort Sea is

1 moderately high (Horner and Schrader, 1984). The nearshore benthic infauna and

| epifauna are extremely depauperate due to seasonal scouring from bottom-fast ice

! (Broad, 1979). Benthic faunal diversity increases with water depth, seaward from the
- bottom-fast ice zone, except m the Stamukhi zone. Highly motile animals (i.e.,

i amphipods and isopods) "mvade the area in large numbers durmg open water season
b (Griffiths and Dillinger, 1981) .Infaunal blomass is quite low ranging from 3.1 g/m

i ) )
ﬁ o 1-11
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1.6.5 Chemleal and geochemical environment. The chemxcal environment has
been characterized as part of several previous studies (Shaw et al., 1979; Kaplan and
Venketesan, 1981; Naidu et al., 1981; Venkatesen and Kaplan, 1982; Boehm et al.,
1987; Steinhauer and Boehm, 1990; and Crecehus et al., 1990). The major findings
of the recent studJes include the following: ,

Artlur D Little

introduction (conti_h:u.:éd)

Chemical distributions of metals ‘and hydrocarbons in surface sediments are
closely linked to the grain sue of the sediment, and to a lesser extent on the
total organic carbon levels. :

Riverine inputs are the major source of petrogenic (e.g., PAH) and terrigenous
(e.g., normal alkane) blogeulc hydrocarbons, with coastal peat also
contributing significantly- to the alkane and (to a lesser extent) PAH sediment
load. Metals levels are also hnked to river and peat inputs.

The geographic drstnbunons of metals and hydrocarbons tend to follow the
Colville River influence, with the Harrison Bay region exhibiting higher levels
than elsewhere. Some of the differences between regions are significant (see

Figures 1.4, 1.5), while others are not (Figure 1. 6)

r
Levels of trace metals are hlgher in ﬁne-gramed sediment generally furthest
from shore. =

¢

Annual variations in chemical levels at any given station are small.

Levels of Ba and other metals in sedrments are relatively high compared with
other OCS regions owmg to large-scale riverine and peat mput.

Levels of metals in ammals are low, but are relatively constant and are highly
species-specific (Figure 1. '[)

Ratios of metals in the sediments and those in source materials from platforms
(i.e., drilling muds) appear to be quite different, suggesting that metal ratios
may parallel hydrocarbon ratios in their importance for monitoring
anthropogenic inputs.

Hydrocarbon assemblages in the sediments are dominated by a combination of
terrigenous plant wax inputs (e.g., peat) and fossil inputs. Fossil-fuel-derived
PAHs are found in 51gmﬁcant abundance throughout the study area due to
fossil (coal, oil) inputs, presumably from river discharges and offshore oil
seeps. A gas chromatogram (GO) (Fxgure 1.8) exhibits the fossil inputs quite
dramatically. v

{ :
|
l
|
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1.0 introduction (contlréued)

The PAH composition as shown in a PAH composition plot (e.g., alkyl
homologue distribution plot) (Figure 1.9) is dominated by fossil-fuel-like
distributions.

» Key diagnostic SHC and PAH ratios are relatively constant throughout the
study area (Figures '1.10 and 1.11), but are different (e. g
phenanthrenes/d1benzoth10phenes) than Prudhoe Bay crude oil. These
diagnostic parameters were 'used in source-related hypothesis testing (i.e., Ho2
‘and Ho4). ' /

« SHC and PAH levels in animals are very low, making animal measurements
quite sensitive indicators Ofi future anthropogenic input.

» Due to the relatively high ﬁackground levels of metals and hydrocarbons in
sediments, parameter ratlos{may be very important for future monitoring
studies.

« There is no apparent correlation of chemical levels in animals and sediment.
\ v !

1.6.6 Quantities of Dlscharg‘les from Drilling Actlvities. Summaries of the types of
drilling units and estimates of dlscharges by each unit type in the Beaufort Sea study
area are available in the EIS statements of Lease Sales 97 and 124 (MMS, 1987 and
1990). Estmated discharge loads of drilling muds and cuttings are available from the
NPDES document for Lease Sale 97 (EPA, 1988). Presented in Table 1.2 is a
summary of the amount of solids discharged in the Endicott Development area
(ENSR, 1988 report to Standard Alaska Production Company). Locations and
quantities of discharges of drilling muds and cuttings throughout the Beaufort Sea
region are availabe from the EPA office of Region 10 (C. Flint, personal
communication). ;

B

b
[
}

The 1989 study was conducted by scientists from Arthur D. Little, Inc.’s Marine
Sciences Unit at Cambridge, Massachusetts, under: the direction of Dr. Paul D.
Boehm, Program Manager and principal investigator (PI) for hydrocarbons. John
Brown, directed the field program and was the task manager for hydrocarbon
chemistry; Lawrence LeBlanc, assisted in the data analysis and interpretation. The
Florida Institute of Technology (FIT) and EG&G Alaska Operations were
subcontractors in this effort. Dr. John Trefry (FIT), served as PI and task manager
for metals analyses. Stephen Pace (EG&G), provided critical field sampling and
logistical support. Dr. Woolcott Smith (Temple University) consulted on all aspects
of the statistical analyses. |

1.7 Program Organization

|
-
|
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Table 1.2 Summary of Measured and Estimated Solids Introduced to the Marine
Environment as a Result of the Endicott Development*

a Volume of Material (m3)
Source 1985 1986 1987 Total
- Drilling Mud** ***
E MPI | 0 819 1275 2094
& SDI 0 0 992 992
Subtotal ‘ 0 819 2267 3086
Cuttings** ’
MPI 0 2137 3035 5172
e =§DF e s e e 178577 73198 4984
~ Subtotal | 0 3922 6234 10156
Total Actual Mud and Cuttings _ ' 0 4741 8501 13242

¥ from ENSR, 1988
** Based on discharge records of the Standard Alaska Production Company.
Volumes discharged after October were assumed to be discharges of above-ice
disposal sites and would not enter the marine environment until the following year..
*** Values reflect estimated conservative volume of the solids portions of the drilling mud
30% of the total volume.
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2.0 Field Program

The field sampling plan was deéigned to focus on the 1989 program objectives. The
sampling design took into account the following:

» The nature and extent of oil and gas exploration and production activity in the
study area. '

+ The previous design of the program, which included the mixed sampling
strategy combining area-w1de (or regional, area-specific activity) and gradient-
specific approaches.

I .
» Statistical design aspects reliated to hypothesis testing.

« Defensible monitoring science.
f

2.1 Sample Locatlons and Sampllng Scheme

The 1989 Beaufort Sea Momtormg Program study area with locations of all the
sampling stations is presented in Figures 2.1, 2.2 and 2.3. Detailed station locations,
depths and number and types of samples collected are included in Table 2.1. All of
the sediment and tissue stations' sampled in the 1984-1986 program were revisited
and resampled (Regions 1 through 6) in the 1989 field program. Geographic regions
were delineated by similar geochermcal behavior. The low risk regions were Regions
1, 2,3,4,and 5. The high nsk region was Region 6. The study area was extended
to include two new regions in the 1989 program (Regions 7 and 8). Region 7 (low
risk region) was located east of Kaktovik and Barter Island and was comprised of 3
stations (Figure 2.2). The study area was extended: to this region because of several
Amoco prospects and lease sale 97 as well as the potential influence of drilling in the
Mackenize River Delta. Region 8 (high risk region) included six additional stations
in the Endicott Area (Figure 2. ?) These additional sampling stations were located in
transects around the Endicott Development Island in order to increase the intensity of
monitoring at this important offshorc drilling facmty

In this study, a "Station" was deﬁned as an area within 0.3 nautical miles (nm) of a
documented location (ie. the statxon center). This definition is consistent with the
previous BSMP and was based on the need to have a large enough area to conduct
replicated sampling. The deﬁnmon of a station and the overall sampling design was
based on the assumption that the variability in sediments and animals within a 0.3 nm
radius of the center of the stanon was known based on the prev1ous BSMP data.

The following is a list of the Reglons, the stations and the corresponding areas of the
Beaufort Sea: , [ . ‘

S _ ‘
« Region 1 (Camden Bay) - iA, 1B, 1C, 1D, 1E, 2A, 2B 2D, 2C, 2D, 2E, and 2F

|
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TABLE 2.1 Summary of Station Locatlons, Statlon Depths, and Sample Types Collected
' During the 1989 BSMP Field Survey '

Station Position Depth Sample Types'Couected‘

. Latitude -~ Longitude (m) |
1A {70° 01.60 144° 32.82 98 Marine Sediment, Anonyx, Astarte”, Portlandia
1B | 70°04.20° 144°47.60° 160 Marine Sediment, Anonyx, Astarte
1c 170° 09.19° 145°0146° 262 Marine Sediment
1D 70° 05.65° 144° 05.41° 70 Marine Sediment
1IE . | 70° 06.13° 143° 46.50° 1.8 Marine Sediment, Anonyx"
2A | 70° 00.50° 145° 05.70° 52 Marine Sediment
2B | 70° 04.09° 145° 12,39’ 122 Marine Sediment
2C | 70° 09.80° 145°20.17" 240 Marine Sediment
2D 70° 03.60° 145° 19.30° 70 Marine Sediment, Anonyx
2B |.70° 12.90° 146° 11.70° 80 Marine Sediment
2F | 70° 10.30° 146° 02.10° 20 | Marine Sediment
3A | 70° 1701 147° 05.55° 6.1 | Marine Sediment, Astarte
3B 170°17.90’ 147° 02.40° 44 Marine Sediment
4A | 70° 1848’ 147° 40.25 53 . °  Marine Sediment
4B 170°2098  147°39.79° 68 | * Marine Sediment, Anonyx
ac | 70° 2611 147°43.10 - 96 | Marine Sediment -
5A | 70°29.70° 148° 46.10° 121 | . Marine Sediment
SB | 70° 34.90° 148°5500' 145 | - Marine Sediment, Anonyx
SD  {70°2451" = 148° 3357 24 Marine Sediment
SE i 70°3891° 149° 16.54' 200 : .. Marine Sediment
5F 1 70° 2648’ 148° 49.56’ 20 . Marine Sediment, Cyrtodaria
56 70° 2931 148° 02.59° 102 Marine Sediment
SH ) 70° 22.19° 147° 47.81° 80 | . - Marine Sediment, Anonyx’, Astarte
50) | 70° 22.74° 148° 00.41° 55 & Marine Sediment
5(1) | 70° 25.00° 148° 03.49 67 | Marine Sediment, Astarte
5(5) | 70° 26.10° 148°1809° 73 | Marine Sediment
5(10) 1 70° 27.34’ 148° 30.12’ 86 Marine Sediment
6A | 70°3220° 149° 57.72° 40 Marine Sediment. Anonyx
6B | 70° 3336’ 150° 24.62° 61 Marine Sediment
6C 1170°4031° 150° 32,12’ 160 Marine Sediment
6D | 70° 4493 150° 28.51° 199 Marine Sediment, An onyx, Astarte, Macoma’
6F  170° 4047 151° 12,12 127 | Marine Sediment .
6G | 70° 31.40° 149° 54.60° 22 | Marine Sediment, Anonyx, Cyrtodaria
TA ) 70° 37.66° 152° 09.89 19 Marine Sediment -
7B 1 70° 4739’ 151° 56.23" 67 . Marine Sediment
7C | 70° 54.85° 152° 0030 146 | Marine Sediment
D} 70° 57.60° 153° 1757 69 | Marine Sediment
TE | 70° 4355 152°0440° . 42 Marine Sediment, Anonyx
7G 1 70° 38.90 151° 53.64° 3.1 Marine Sediment
8A 1| 70° 2140’ 147° 55.13 46 | ~ Marine Sediment
8B | 70° 2141’ 147°52.86" 56 | . Marine Sediment
8C ] 70° 21.66° 148° 59.61’ 17 ! Marine Sediment
8D | 70° 21.91° 148° 01.55 19 | Marine Sediment
8E | 70° 22.10° 147° 57.43° 60 | Marine Sediment
8F | 70° 22.90° 147° 57.36’ 57 | Marine Sediment
9A 1 70° 04.06" 142° 51.15° 80 Marine Sediment
9B i 70° 0596 142° 54.10° 160 Marine Sediment, Macoma sp.’, Portlandia®
9c | 70°05.72° 142° 48.60’ 207 Marine Sediment

Mann(' sediment indicates four sample replicates w%smung of ~350 g mch
Indlcatw tissue sample too small for replicate analysxs
In addhuon, a total of 28 field blanks (axmosphenc, seawater system, container, and grab rinse) were collected.

| . t 2-5

L
;-

Arthur D Little



i

:

20  Fleld Program (continued)

. Region 2 (Foggy Island Bay) - 3A, 3B, 4A, 4B, 4C, 5G, and SH
« Region 3 (Kuparuk River Bay Area) - 5A, SB, SD, SE and SF
» Region 4 (East Harrison Bay) - 6A, 6B, 6C, 6D 6F and 6G
+ Region 5 (West Harrison Bay) - 7A, 7B, 7C, 7D, 7E and 7G
» Region 6 (Endicott _Field)y - !5(0), 5(1),' 5(5), and 5(10)
* Region 7 (Griffin Point) - 9A, 9B and 9C.
i
* Region 8 (Endicott developirnent Island) - 8A, 8B, 8C, 8D, 8E, and 8F

The sampling and field processing techniques used in the 1989 study were identical
to those used in the previous BSMP study. Sampling composite and individual
replicate analytical strategies whre consolidated in the 1989 study in order to improve
the efficiency of the program. The sample composite and replicate scheme is
summarized in Table 2.2. ‘ :

2.2 Crulse Narrative ?

The field operauons for the 1989 BSMP started in late July 1989. The field
sampling program involved the| .reoccupation of all of the year 3 BSMP stations (with
the exception of river sediment, stations) as well as the addition of three new stations
east of Barter Island (off anﬁn Point) and six new stations in transects off Endicott
development island. Emphas1s;was placed on obtaining bivalves and amphipods for
tissue analysis at stations where they had been collected previously.

i
The 1989 sampling program was accomphshed with two field scientists (John Brown,
ADL Field Party Chief and Steve Pace, EG&G) and the NOAA vessel 1273 ship’s
captain (Pat Harmon, NOAA). | ' There were several modifications to the vessel and
equipment additions which enabled the survey to be conducted efficiently by a survey
crew of three. The major vessel modification was the addition of a mast amidships
(which extended the . ship’s exhaust an additional three feet above the deck) with a
seining boom which aided in the loading of cargo and scientific gear. The equipment
additions included; a Magnavor‘c global positioning system (GPS), a Furuno weather
FAX, a Furuno 48-mile range radar, a Ray Jeff v1deo depth finder, and an ARNAYV
aviation Loran. [

John Brown and Steve Pace arnved in Prudhoe Bay on July 30, 1989. The scientific
gear was assembled aboard NOAA Vessel 1273 and the seawater system inspected
and cleaned on July 30-31. A prehmmary reconnaissance overflight was made to
observe the ice conditions whreh proved to be favorable. NOAA vessel 1273 was

|
i
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TABLE 2.2 Field Sampling Summary

Sample Type - # of Stations Replicates Total

SURFACE SEDIMENTS 8(a) 3 24
i 6(b) 3 18
! 3c) 3 | 9
j 31(d) 1 31
BIVALVES
f Astarte -~ 6(e) 3 18
| Cynodaria 26 3 6
| Portlandia 2g) ! 3 6
' Macoma 2(h) - 3 6
AMPHIPODS
Anonyx 5(%1) | 3" 15
i’ 20) i . .3000 6
TOTAL 139
e@
Noi{es:

1

(@)} Stations 1E, 3B, 5A, 5-0, 5-1, 5-5, 6D, 7B.

(b) Additional 6 stations in Endicott/ Area designated 8A, 8B, 8C, 8D, 8E, 8F.

©)' +  New stations East of Barter Island in Amoco prospect area - designated 9A, 9B, 9C.
(d); Stations 1A, 1B, 1C, 1D; 2A, 2B, 2C, 2D, 2E, 2F,; 3A; 4A, 4B, 4C; 5B, 5D, SE, SF,
i 5G, SH; 5-10; 6A, 6B, 6C, 6F, 6G; 7A, 7C, 7D, 7E, 7G.

(e)! Stations 1A/B, 3A, 5-1, 5-H, 6D

(f) | Stations SF, 6G.

(g); Stations 1A and 9B (new).

(h)!  Stations 6D and 9B (new).

@) | Composite samples from. combmed stations in Regions 1, 2, 3, 4, and 5.

() !  Stations from region 1 (Stations PIA 1B, 1E) and Reglon 4 (Stations 6A, 6D, 6G).

* ;  Denotes composite samples of 3[rephcates '

** . Denotes single station animal composite, split into three (3) laboratory replicates.

'~ Denotes combined samples from different stations in same general area, which are

. then split into three (3) laboratory rephcatcs _

|
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20 - Field Program (continued)

]
i

launched on August 1, 1989, initiating the field survey. The field survey was
essentially accomplished in three cruise legs as follows:

Leg 1 - Camden Bay and points east to Griffin Point: August 1-7 1989

The first stations occupied were those farthest east, off Griffin Point. The ship was
refueled at Barter Island and four current meters were deployed for the U.S. Fish and
Wildlife Service (another progrfam) prior to arriving at Griffin Point. The passage
through Mary Sachs entrance was accomplished without difficulty; however, heavy
ice floes were encountered at the historical choke point north of Barter Island.

Passage to the east of Barter Island was accomplished by following leads through the
ice floes which increased transit time. Sediment samples were collected at stations
9A, 9B, and 9C and two small bivalve samples were obtained at 9B. The collection
of amphipods, however, proved unsuccessful at all three stations. Camden Bay
stations 1A, 1B, 1C, 2A, 2B, 2C and 2D and Canning River stations 2E and 2F were
all occupied for sediment chemistry grab samples. Bivalves were collected at stations
1A and 1B and amphipods sufficient for sampling were obtained at stations 1A, 1B,
1E, and 2D. On the retumn trip to Prudhoe* Bay, sediment samples were taken at
stations 3A and 3B and b1valves collected an station 3B. The vessel arrived back at
Prudhoe Bay on August 7, 1989 and was refueled and resupplied in preparation for
Leg 2.

Leg 2 - Harrison Bay and Ollktok Pclnt Area: August9-12, 1989

An aerial reconnaissance ﬂight was made on the morning of August 9 to determine
the ice conditions in Harrison Bay and points west. The ice situation proved to be
very favorable, in some areas the floe ice was up to 30 miles offshore. On the
second leg of the survey, Ohktok point stations 6A and 6G were sampled enroute to
Harrison Bay. Amphlpods were successfully collected at both stations and bivalves
of the genus Cyrtodaria were collected Sediment grab samples were taken at
Harrison Bay and Cape Halkett stations (6C, 6D, 6F, 7A, 7B, 7C, 7D, 7E, 7F, and
7G). Astarte and Macoma clams were obtained at station 6D and Anonyx spp.
amphipods were taken at stauons 6D and 7G. Strong winds and the long fetch due
to the ice free conditions hampered the sampling operauons in Harrison Bay and the
field party worked a 24 hour Shlft to finish the Hamson Bay stations and return to
more protected waters before the onset of a storm forecasted by the weather FAX.
Stations 5B and SE were occupled on the return trip to Prudhoe Bay. Sediments
were collected at both stations' and amphipods were captured at station 5B. The field
party arrived back at Prudhoe ’Bay on the evening of August 12, the vessel was
refueled and resupplied on August 13, however bad weather delayed the start of the
third leg of the survey until August 15. g




20  Fleld Program (con;tlnued)'

Leg 3 - Prudhoe Bay Area and Endicott Development Island: August 15-19
1989 ‘

On Survey Leg 3 the eastern Prudhoe Bay area stations (4A, 4B and 4C) and the
Endicott Development Island stations (8A, 8B, 8C, 8D, 8E, 8F and 5(0)) were
sampled first. Sediment chemistry grab samples were collected at all stations and
amphipods were taken at station 4B. Fine sand substrate was encountered at most of
the new Endicott Island stations (8A-F). Strong northeast winds continued to build
throughout the sampling operations and boat was forced to anchor at west dock in
Prudhoe Bay on August 17 to wait for a shift in the weather pattern. A break in the
weather occurred on August 19\ and sampling activities were resumed. Stations 5(1),
5(5), 5(10), 5A, 5D, 5F, and SG were all sampled on August 19. Sediments were
collected at all stations; Cmod a clams were obtained at station 5F and Astarte
were collected at station 5(1). All sampling was completed before mldmght on

| August 19, 1990.

There were numerous factors which contributed to the successful completion of the

) 1989 BSMP field effort. The lead time for planning, preparation and implementation
; was adequate thus reducing loglstlcal problems The ability to refuel at Barter Island
) allowed access to the eastern most stations which would otherwise have been outside
:l the range of the vessel. Most importantly, the global positioning system (GPS)

] enabled real-time navigation throughout the sampling area. The GPS provided
approximately 10 hours per day coverage, at different time intervals, where accurate
navigational information could be obtained. The extended daylight hours in August
enabled the crew to take full advantage of the GPS navigation windows, two of
which were between 1 and 4 AM. In most instances the weather FAX provided
ample warning of the onset of adverse weather conditions and allowed sampling

: activities to be planned accordingly. The reconnaissance flights were also beneficial
! in planning and executing the cliruise track.

! Finally, the experience and ded;ication of the field party in conjunction with the
' previously mentioned factors resulted in the successful completion of the 1989 BSMP
field survey, 9 days ahead of the originally proposed schedule.

2.3 Sampling Equlpment and; Methods

All field sampling was conducted according to methods and protocols specxﬁed in the
field sampling manual . speclﬁcally drafted for this program.

i 2.3.1 Sediment Sampling. All sediment samples were collected with a 0.1 m?
. stainless steel Kynar coated, modlﬁed Van Veen grab (T.Young, Sandwich, MA).
Sub-samples of the sediment gx}‘abs from 0-1 cm depth interval were obtained with a

Kynar coated, calibrated scoop, designed to reproducibly obtain the required sample.
After the grab sampler was. deployed and retrieved, the overlying water was removed

E A 2-9
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2.0 Fleld Program (continued)

using a suction system attached to a Teflon tube. Four (4) grab samples were
collected at each station, three for analysis (either individually or as part of a
composite), and one for archival. The minimum sample size collected was
approximately 300 g, which ensured sufficient sample for analysis (150 g for
hydrocarbons, 10 g for metals, | 10 g for TOC and 50 g for grain size). Each grab
was sub-sampled with a 1 cm cahbrated scoop and the sediment from both sides of
the grab was transferred to a pre-cleaned 250 mL glass jar.

2.3.2 Bivalve and Amphipod Sampllng Bivalves were collected at the stations
indicated in Table 2.2, with the 0.1 m® modified Van Veen grab used to collect
sediments. Sediment collected ;w1th the grab sampler was sieved for bivalves through
a 5-mm Nytex screen using a hlgh-volume Jabsco epoxy/polyethylene pumping
system (seawater) to wash the sedxment The bivalves remaining on the sieve were
transferred with forceps to pre-cleancd 250 mL glass jars. Approximately 40-80 grab
samples were collected at each lstanon to obtain a sample of sufficient size for
replicate analyses (~50-80 g).

The air lift system proved to be unsuccessful in collecting bivalves of sufficient
number for the sample size required. The air compression system was incapable of
providing the necessary lift to gollect clams which were buried in the fine silt/clay
substrate and a more powerful compressor could not be obtained without delaying the
survey. As a result, all the blvalve samples for the 1989 survey were collected using
the repetitive grab sampling teqhmquc The type of compressor used was a portable
compressor used to fill scuba tanks. This compressor was designed to deliver a low
volume of air to a high pressure (up to approximately 2500 psi), and consisted of an
engine driving multiple pistons of gradually decreasing size, which increased the
pressure of the air travelling through the compressor. In retrospect, it was realized a
compressor to deliver a high volume of air at a lower pressure (as in the type of
compressor used to power air tools) was needed. The type of compressor used,
rather than the size of the engine, was the important factor. Sampling for bivalves
was also complicated by patch)fr distribution of organisms and sediment types. It is
believed that this airlift system|could be successful in soft substrate, and moderately
successful in harder substrates (S. Pace, personal communication), but additional
testing would be required priorito actual use in the monitoring program.

Amphipods were collected at tﬁe stations indicated in Table 2.1, using baited minnow
traps. At every historical amphipod station, Kynar coated minnow traps with a fine
mesh Nytex liner were deployeh ‘The traps were baited with tuna or sardines and
marked with a radar reflecting surfacc float which was secured to a small anchor.
After 2 to 6 hours of dcployment the traps were retrieved and Anonyx amphlpod
samples of sufficient size (>50g) were collected in pre-cleaned glass jars. As in
previous years of the program, | the distribution of Anonyx proved to be patchy, with
some stations yielding an abundance of organisms and other stations producing only a
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20 - ‘Fleld Program (con{lnued) _

few individuals. However, amphipod samples of sufficient size were obtained from
the majority of stations where tlzlcy had been collected previously.

!
2.3.3 Fleld Data Management and Sampling Handling. The field manual for this
study served as a guide to the field personnel for all phases of the field program.
The manual included general protocols for the sampling of sediments, bivalves and
amphipods, precautions to minimize sample contaminants, sample custody and
identification forms, and field logs..

All information and data pertaining to the field survey and sampling activities were
recorded in one of four log books These included the station log, the cast log, the
sample identification log, and the Field Party Chief’s log. The type of information
included in each of the logs was as follows:

1
Station Log. Station coordmate[s (latitude and longitude), the date and time of
sampling operations, water depth and type of navigation used.

Cast Log. All information conccmmg the deployment of the different types of
sampling gear and the success of every cast at each station was recorded in the Cast
Log. The lowering of each gea[r was assigned a consecutive cast number at each
station. The cast number, success of the cast, and sample number that was assigned
to samples collected was indicated. The date and time of the cast were also recorded.
: | /

| :
Sample Identification Log. These forms recorded the identification of all samples
collected in the field including the sample number assigned. The sample
identification number consisted [of an alphanumeric identification number which
included the station number, the sample type, and the replicate number.

l
Field Party Chief’s Log. The Flcld Party Chief maintained a log book documenting
the field survey. This log mcluded information about each station occupied, ice
conditions, weather conditions, Fme at station and other relevant information.

All sediment, bivalve and amphlpod samples were frozen immediately after collection

/in pre-cleaned glass jars. The samples were frozen in polyethylene foam coolers

containing dry ice (-78 °C). The samples were air-freighted in the coolers to
EG&G’s Anchorage office, where the coolers were repacked with dry ice and air-
freighted to ADL headquarters in Cambridge, Massachusetts. Prior to shipment, the
sample identification number of each sample was verified, and transferred to an ADL

-Sample Custody Form. One copy of each signed form was enclosed with the sample

shipment, a copy was mailed to the Program Manager, and one was kept by the Field
Party Chief. r o
o
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3.0 Analytlcal Methods

The following sections describe the analytical methods used for the analysis of
.F marine sediments and biological tissue samples for hydrocarbons metals, and TOC
E and gram size (sediments only).
i

3.1 Replication Scheme

L The design of the analytical program called for random selection and pooling of three

i of the four sediment station replicates as well as pooling of bivalve specimens from

l each station for chemical analyses As discussed in Section 2.2, the four replicate
samples were obtained from a 0.1 m? Van Veen grab. Bivalve replicates were

f obtained by subsampling a pool of all ammals collected at a station.

Four sediment grab samples'w(ere obtained at each station, three of which were
f analyzed (either individually or composited), and one of which was archived. Thirty-
! one stations were selected for replicate compositing. Three of the four replicates of
the remaining 17 stations were analyzed individually. Each composited or individual

sample was then split accordmgly for analysis (Figure 3 1).

' [ Tissue samples were pooled 1nl the laboratory, pooled samples were split into 4
! replicates. Three of the rephcates were analyzed and one archived. Each replicate
' was analyzed for saturated and aromatic hydrocarbon and trace metals (Fig 3.2). For
. each replicate analysis, at leastl 10 g wet weight was used for the hydrocarbon
! analysis and a minimum of 2 g wet weight for the trace metals analysis.

| 32 Trace Metals

| 3.2.1 Sediment preparation methods. Sediments from the Beaufort Sea were
_ ! delivered frozen in acid-washed polystyrene vials to the Chemical Oceanography

: Laboratory at Florida Institute iof Technology (FIT) and logged upon receipt.

= Initially, each sediment sampleT'Was thawed and carefully homogenized with a Teflon
mixing rod. The sample was then split into two separate aliquots. One aliquot was
set aside to be sieved; the remammg ahquot was archwed for possible future
reference. ;

I Each wet sediment sample wa:s passed through a 62.4-um nylon mesh sieve to obtain
{ the fine fraction (silt/clay). Previous sediment analyses for metals in the BSMP have
i ' | been carried out on the fine fraction to increase the likelihood of identifying '
o ; anthropogenic perturbations. Trace metals are generally associated with the fine
fraction and in some samples this fraction is less than 10 percent of the total bulk
I sediment. In such instances, analysis of the relanvely metal-poor bulk samples
increases the difficulty of clearly identifying contaminant inputs. During the sieving -
process, samples were washed through the sieve using pH 7.5 (pH adjusted with
| ' ultra-pure ammonium hydroxxde) distilled, deionized water (DDW) to control
! contamination as well as leaching of metals into the rinsing solution.
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3.0 Analytical Methods i(contlnued) '

Prior to analysis by atomic absorption spectrophotometry (AAS), 0.4-g aliquots of
sediment (fine fraction) and smhdard reference materials were totally digested in
Teflon beakers using concentrated, high-purity HF-HNO,-HCLO,. Total digestion of
the sediments is preferred because then no doubt remains about the absolute amount
of metal associated with a sediment sample. In the digestion process, 1 mL HCIO,,

1 mL of HNO; and 3 mL HF were first added to the sediment in a Teflon beaker and
heated at 50°C with a watch cover in place until a moist paste is formed. The
mixture was heated for another 3 hours at 80°C with an additional 2 mL HNO, and 3
mL HF before being heated to dryness. Finally, 1 mL of HNO; and about 30 mL of
DDW were added to the sample and heated strongly to dissolve perchlorate salts and
reduce the volume. The completely dissolved and clear samples were then diluted to
20 mL with DDW. This technique, which has been used at the FIT Chemical
Oceanography Laboratory for many years with a variety of sediment types, is 100
percent efficient with no loss of the elements analyzed for this program.

Labware used in the digestion process was washed with acid and rinsed with DDW.
Procedural blanks and triplicate samples were prepared with each batch of (15)
samples. Standard Reference Material #1646, an estuarine sediment sample provided
by the U.S. National Institute of Standards and Technology (NIST), was also
prepared by the method described above.

Determination of Ba concentrzitions in sediments that contain significant amounts of
barite is difficult by acid digestion/AAS. Problems may result from incomplete
dissolution of barite or inherent difficulties in analysis by AAS. Thus, sediment
samples were also analyzed by instrumental neutron activation analysis (INAA).
Sample preparation for INAA involves weighing out 0.5-g aliquots of sediment into
polyethylene vials and sealmg a cap in place. The technique is non destructive for
sediment samples. ‘

3.2.2 Tissue preparation methods. Samples of bivalve and amphipod from the
Beaufort Sea were delivered frozen to the Chemical Oceanography Laboratory at FIT
and logged in upon receipt. . In the laboratory, the biological samples were thawed
and rinsed with DDW to remove salts and adhering particles. All preliminary tissue
separations were conducted in a laminar flow hood. Samples of soft tissue from the
bivalves and whole amphlpods were placed into acid-washed 180-mL beakers and
freeze-dried. Complete dlgesnon of tissue samples was carried out using 3 mL of
HNO3 and 1 mL of HCLO, at about 60°C. The samples were heated with a watch
glass in place until a clear soluuon formed. The final solution was diluted to 20 mL
using DDW.

3-4
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30 - Analytical Methods (continued)

All glassware used in the procedure was washed with acid and rinsed with DDW.
Procedural blanks and triplicate samples were prepared with each set of samples.
Standard Reference Material TORT-1, a sample of lobster hepatopancreas, provided
by the National Research Councﬂ of Canada, was also prepared by methods
described above.

3.2.3 Instrumental methods. Samples, reference standards and procedural and
reagent blanks were analyzed by AAS using flame or flameless techniques.
Determinations by AAS were performed using a Perkin-Elmer 4000 instrument
equipped with a HGA-400 heated graphite atomizer, an AS-40 autosampler and
deuterium/tungsten background correction. - Matrix .interferences were carefully
monitored for all elements using the method of standard additions. Table 3.1
summarizes thg instrumental methods and conditions used for each metal. For flame
conditions, the choice of oxidant and fuel are listed. For refractory elements such as
Al, Ba, Cr, and V, the higher temperature nitrous oxide/acetylene flame is preferred.
For graphite furnace AAS, the temperature of atomization is listed. Other
instrumental parameters follow specxficanons outlined by the manufacturer.

Analysxs of sediments by mstrumental neutron activation analysis (INAA) was carried
out using the 1 megawatt ’I’RIGA reactor at Texas A&M University. The reactor
provides a neutron flux of 10'? neutrons/cm? . The samples were irradiated for 10
hours, cooled for about 1 week and then the gamma activities of Ba, Cr and Fe were
counted using a Li-drifted germanium detector. Comparison of AAS and INAA
results for Fe and Cr were excellent (P = 99 and 98, respectively) and the AAS
values were used in data compllauons For Ba, the AAS versus INA results were
somewhat more variable (% = .85) and the INAA values have been used here.

3.2.4 Quality control methods. The quahty control measures implemented for trace
metals analyses included use of high purity acids, scrupulous care in contamination
control, replicate analysis of samples, and analysis of standard reference materials.

All acids used for the digestion of sediments and tissues were redistilled, high-purity
products. Such purity is necessary for the low levels of some trace metals in these
pristine samples. Each new bottle of acid was routinely checked to assure that it was
free of contamination.

- To control contamination, all ESample preparation was carried out in laminar flow

hoods or clean, fiberglass fume hoods. All labware was cleaned in concentrated
nitric acid and rinsed with DDW. Procedural blanks were routinely analyzed and
concentrations of the metals of interest were consistently below analyte detection
limits. If any blank value contained analyte concentrations that could interfere with
sample quantitation, correcti\(:e action was taken immediately.
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Table 3.1 Analytical Schemg For Analysis Of Trace Metals

Element  Sample Instrumental Method - Instrumental Conditions
Fe Sediment  AAS (INAA) Air/Acetylene
Tissue AAS Air/Acetylene
Al Sediment AAS Nitrous oxide/Acetylene
Ba Sediment  INAA (AAS) 10 hr irradiation
Tissue GFAAS 2400°C atomization
cd Sediment ~ GFAAS 900°C atomization
Tissue AAS - Air/Acetylene
Cr Sediment AAS (INAA) Nitrous oxide/Acetylene
Tissue - GFAAS - 2300°C atomization
Cu Sediment AAS Air/Acetylene
: & Tissue :
Pb Sediment  GFAAS 1100°C atomization
& Tissue :
v Sediment AAS Nitrous oxide/Acetylene
Tissue GFfAA‘S 2700°C atomization
Zn Sediment A&S Air/Acetylene

& Tissue

—

—

AAS - Atomic absorption EvSpcctrophotometry with flame atomization
GFAAS - Graphite Furance iAtomic Absorption spectrophotometry

P . :
INAA - Instrumental Neutron Activation Analysis

Artlur D Little




_

3.0 Analytical Method'ss(cbhtlnued)

%

Analytical precision was established by analysis of six sets of triplicate sediment -
samples, 11 replicates of NIST estuarine sediment sample, and 8 replicates of the
Canadian standardized tissue sample. In addition to analysis of replicates for
analytical precision, replicate samples (12 sets of separate triplicate within-site
organism samples) and 17 sets of triplicate within-site sediment samples) were also
analyzed to determine the station variability. Standard reference sediment (SRM
1646) from the U.S. NIST and standardized tissue from the National Research
Council of Canada were analyzed to establish the accuracy of the sample data.

3.3 Hydrocarbons

3.3.1 Sediment preparation methods. Sediment extraction and extract cleanup
procedures were those used by Brown et al. (1979) and Boehm et al. (1982). These
procedures are outlined in Figure 3.3. Approximately 100 g wet sediment (from
individual or composite replicates) were thawed at room temperature and weighed
into clean, solvent-rinsed glass jars. Internal standards were added to the samples
prior to extraction. Ten micrograms (10 pg) of the internal standards (ds,-tetracosane
for SHC; dg-naphthalene, d,,-phenanthrene, and d,,-benzo(a)pyrene for PAH) were
added to all samples. To each sample were added 100 mL of 1:1 CH,Cly:acetone,
approximately 20 g of activated copper, and 60 g of sodium sulfate. The jars were
placed on a shaker table for 12 h, or overnight.- The jars were then centrifuged at
approximately 1500 rpm, and the extract decanted into an Erlenmeyer flask. The
dried sediments were then extracted three times with 100-mL aliquots of
dichloromethane:acetone (9:1) by agitating on a platform shaker, 4 h for each
extraction. The extracts, from each extraction were also combined into the
Erlenrmycr flasks. o

Combined extracts were dried over sodium sulfate and transferred into 500-mL
round-bottomed flasks fitted w1th Kuderna-Danish (K-D) concentrators. Samples
were concentrated to a volume of approximately 4 mL, using K-D techniques, in a
hot water (75-85°C) bath. Extracts were then transferred to 4 mL vials and further
concentrated to 1 mL under nitrogen. Single aliquots of the extracts were weighed
on a Cahn Model 29 microbalance to determine the total extract weight.

The sediment extracts were ekchanged from dichloromethane to hexane and
fractionated by silica gel/alumina column chromatography into saturated (f;) and
aromatic (f,) fractions (Figure 3.3). The column chromatography was performed
using a 30 cm x 1 ¢m column that was wet-packed (in dichloromethane) with 100
percent activated silica/5% deactivated alumina/activated copper (11:1:2 g), and
prepared by eluting with 30 mL dichloromethane followed by 30 mL hexane.

The sample extract, which was less than 50 mg in 1.0 mL hexane, was loaded onto
the column and eluted with 18 mL hexane to isolate the (f;) fraction, followed by 21
mL hexane:dichloromethane (1 1) to isolate the aromatic hydrocarbons (f,).
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3.0 Analytical 'Metho'dsi (contlnued)
: ’r

3.3.2 Tissue preparation methods. This section outlines the extraction and
analytical procedures used in die processing of bivalve mollusc and amphipod tissue
samples. Tissue samples were prepared and analyzed according to the procedures
published by Wamer (1976) as modified by Boehm et al. (1982).

Approximately 5-10 g wet weight of tissue was prepared for extraction. Partially
thawed bivalves tissues were re%moved from the shells with solvent-rinsed stainless
steel utensils and weighed on a top-loading balance. Whole amphipod samples and
shucked bivalves samples were completely homogenized using a Tissumizer. An
aliquot of each homogenized sample was removed for dry weight determination, and
the remaining sample (approxlmately 2 to 5 g wet weight) was transferred to a clean
Teflon centrifuge tube for dlgesuon The remainder of the homogenate, if any, was
relabeled, stored and refrozen as archived samples.

Thirty (30) mL of pre-extractcd 6N potassium hydroxide, and 10 pg of the SHC (ds,-
tetracosane) and PAH (ds-naphthalene, d,,-phenanthrene, and dlz-benzo(a)pyrene)
internal standards were added to each homogenized tissue sample. The mixture was
then flushed with purified mtrogen sealed, and allowed to digest overnight in a hot
water bath (ca. 35°C). After d1gest10n 30 mL of ethyl ether was added to each
sample and agitated on an orbltal shaker for 5 min. The samples were then
centrifuged at 2000 rpm for 5 rmn to facilitate phase separation. The ether layer was
removed with a pasteur pipet and filtered through sodium sulfate into a 250 mL K-D
apparatus. . The ether extraction of the digest was repeated twice, and the ether
extracts combined in the K-D fapparatus. The combined ether extract from each
sample was reduced in volume to ca. 1 mL by K-D and nitrogen concentration
techniques. The extracts were then transferred to dichloromethane and an aliquot was
removed and weighed on an elcctrobalance for total non-saponifiable lipid weight
determinations. !

The tissue sample extracts were loaded on a glass column (30 cm x 1 cm) filled with
10 g alumina (activated ovemlght at 130 °C pnor to use) and 1 g anhydrous sodium
sulfate. Sample extracts, contammg no more than 300 mg of extractable organic
_material, were loaded onto the alumina column and eluted with 100 mL of
dichloromethane. The extract§ were concentrated to 5 mL using a K-D concentrator.
All extracts were further reduced in volume and exchanged into hexane using
nitrogen evaporation. The tissue sample extracts were then fractionated into f, and f,
fractions with the silica/alumiha column procedure described in Section 3.3.1.

Several analytical options enstcd at the outset of the program. One involved
analyzing a combined f1/f2 fractlon by gas chromatography/mass spectrometry
(GC/MS) for both saturated ahd aromatic hydrocarbons, as opposed to analyzing a
separate f1 fraction by gas chromatography/flame ionization detection (GC/FID). The
advantage afforded by this technique is a potential gain of efficiency (saturated and
aromatic hydrocarbons can be analyzed with one instrumental analysis). The
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3.0 Analytical Methods (continued)

procedure involves using selected ion monitoring (SIM) to obtain an extracted ion
current profile (EICP) of mass ion 57, and measuring the area under this envelope, to
obtain a measure of the unresolved complex mixture (UCM) commonly found in
environmental samples, from peétroleum contamination. Concerns based on the
comparability of the unresolved envelope derived from the EICP (GC/MS analysis)
and the unresolved envelope obtained by GC/FID analysis of the f1 fraction led to
the decision to utilize the instrumental methods employed in previous studies and
reported in Boehm et al., 1987 in which the f1 and f2 fractures were analyzed
separately.

3.3.3 Instrumental melhods

3.3.3.1 GCFFID. Saturated hydrocarbons, which included normal-chained alkanes
(nC10 nC;,) and selected isoprenoid hydrocarbons, were determined in samples
using GC/FID (GC-FID eqmpment and analytical conditions are listed in Table 3.2).
Concentrations of these compounds were also used to calculate diagnostic ratios and
parameters for use in assessmg the geochemical composmon of sediments and
biological tmsues in the study area.

Immediately prior to mstrumer[ltal analysis, 5 ug of the recovery standards (dg,-
triacontane for the f; fraction; dlo-ﬂuorene for the f, fraction) were added to the
samples. The hydrocarbon concentrations (nCyp - nC_,,4 alkanes and the selected
isoprenoids) were identified by retention time comparisons to n-alkane standards.
Concentrations of the n-alkanes and isoprenoids were corrected for instrumental
response using response factors generated by a 5 point calibration curve, described in
Section 3.3.8. Quantification of individual analytes was performed by comparing
instrumental response of the analytes to surrogate/internal standards added at the
beginning of the sample extx'aétion procedure.

Calculation of analyte concentranon was based on the methods of internal standards.
The general formula is as follows :

}

PHC or analytc (Mg/L or g‘) = (Analyte) (C;) |
_ . (Area) (RF)

E

I
i

Where:

A = Area of nC - n_('}_,4 or (in the core of PHC) the corrected area of the
- sample chromatogram (A = total resolved + unresolved area).

C; = Hngof surrogate/internal standard (d5p-tetracosane) added to the sample.
| , ! :

A, = Area response of the ds-tetracosane.

3-10
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30  Analytical Me’thodsf (contlnu'e'd)

Table 3.2  Fused Silica Capillary Gas Chromatography/Flame Ionization
Detection Analytical Conditions.

Instrument: Hewlett Packard 5880A »
Features: Split/splitless capillary inlet system; VG data acquisition
system
Inlet: Splitless
Detector: Flame ionization
Column (F1): 0.25 mm ID x 30 m DBS fused silicia (J & W
Scientific) -

Gases: Hydrogen 1-2 mL/min
Carrier: Helium 25-30 mL/min
Make-UP: Air 240 mL/min
Detector: Hydrogen 50 mL/min
Temperature: ,
Injection port: 300 °C .
Detector: 325 °C o | |
Oven Program: - 60 °C for 1 min then 6 °C/min to 300 °C hold 5 min
Daily Calibration: Mid-level calibration solution; Retention index solution
Quantification: In;temal standard/calibration standard.

L

1
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3.0 Analytical Methods (continued)

RF = Average response factor of the continuing calibration standard.

Also,

RF = Average of g A, x C)
s x C

Where:

A = Response of analyte t§ be measured.

. o .

C,, = Concentration of internal/surrogate standards (ds,-tetracosane).
v b :

A, = Response of the internal standard.

|
C, = Concentration of the analyte in the standard.

Raw data from the instmments: were transferred directly to a personal-computer-based
data acquisition system developed by VG (Mini-Chrome, Danvers, MA). ' Peak area,
relative retention time, as well;as response factor and concentration were calculated
automatically using this systengl. This data system automatically identified
components by comparing retention times of peaks in the samples to retention times
of known compounds in a standard mixture. Retention time windows were
established (3 x the standard elevation of the retention time of a compound) and
checked daily with a cahbrauon standard. The area under the unresolved "envelope"
or the UCM (unresolved comglex mixture) was determined by the software system
after a baseline was established by the analyst. The total area was adjusted to
remove the area response of thc internal standards, surrogates and GC column bleed.
The concentrations of n-alkanes and isoprenoids were expressed in pg/g on a dry-
weight basis for sediment and | »on a wet-weight basis for tissue. Finalized sample
concentrations were electromcally transferred to a centralized data base (also PC-
based), which used Quattro Pro (1989, Borland International), a Lotus-compatible
spreadsheet program, for the generauon of tables, graphs and the calculation of the

' dlagnostlc ratios described in Sectxon 5.

3.3.3.2 GC/MS. The determmatlon of PAHs in the sediment and tissue sample
extracts were performed by GC/MS using a Hewlett-Packard model 5970 mass
selective detector (MSD) coupled to a Hewlett-Packard model 5890 GC by a
capillary direct interface (equ1pmem and analytical conditions are listed in Table 3.3).
The MS was operated in the SIM mode and programmed to acquire the primary ions
listed in Table 3.4 plus one conﬁrmanon ion (EPA 1986 [SW 846 3rd addition) for
each target analyte. [

F
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3.0 Analytical Méthddé (continued)
[ .

Table 3.3 Gas ChrOmatograbhy/Mass Spectrometry Instrumental Conditions

Instrument:
Features:
Inlet:

Detector:
Scan Rate:

Ionization Voltage:

Column:

Interface:
Carrier gas:
Temperature:
Injectién port:
GC oven:

Daily Calibration
Quantification:

Hewlett-Packard model 5970 MSD coupled to a Hewlett-
Packard model 5890 GC

Hewlett Packard RTE-A data system usmg Aquarius
software .

Splitless

50-450 amu

200 volts

0. 25 mm ID x 30 m SE54 fuscd silica (J & W
Sﬁlenuﬁc)

Hehum 1-2 mL/min '

300 °C
40 °C to 290 °C at 6 °C/mm with a 1 min initial hold

- and a 20 min hold at the final temperature

Internal standard response factor

Artlur D Little
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Table 3.4 Parameters For Target Analytas

I

|

|

frx

A Denotes spiking compound

. % Rel.
Analyte Quant Conf. Abund. of
[ Conf. lons®

d.-Naphthalene 136 134 15
Naphthalene 128 127 15
C,-Naphthalenes 142 141 80
C,-Naphthalenes 156 141
C;-Naphthalenes 170 155
C,-Naphthalenes 184 169,141 :
d,,-Acenaphthene 164 162 95
Acemaphthylme 152 153 15
Ace:naphthene 154 ] 153 98
dyo-Fluorene 176 i 174 85
Flucrene 166 r 165 95
C,-Fluorenes 180 | 165 100
C,-Fluorenes 194 179 25
C,-Fluorenes 208 : 193

,.,-Phcnanduene 188 ‘ 184
Phenam.hrene 178 i 176 20
Anthracene 178 ! 176 20
C -Phenam}umes/mthracems 192 ' 191 60
C2 Phenanthrenes/anthracenes 206 | 191
C,-Phemmhrmes/mthracenes 220 i 205
C.-Phenand\rmes/mthracenes 234 i 219,191
Dibenzothiophene 184 t ©152,139 ¢ 15
C,-Dibenzothiophenes 198 : 184,197 25
C,-Dibenzothiophenes 212 U7 .
C,-I)lbenmthnophenes 226 y 211
Fluoranmene 202 - i 101 15
'd,,-l"hrysene" 240 ! 236
Pyréne 202 - 101 15
C,-l'luormthenes/pyren&s 216 : 215 60
quo[a]amhracene 228 g 226 20
Chrysene 228 E 226 30
C,<Chrysenes 242 o241 '
C,-Chrysenes 256 [ 241
C,-Chrysenes 270 | 255 o
CChrysenes 284 I 269,241 .
d,.- Benz(a)pyreneA 264 ! 260 20
Benzo[b]ﬂuoramhene 252 | 253,125 30,10
Benzo[k]ﬂuoramhene 252 i 253,125 30,10
Berwo[a]pyrene 252 ' 253,125 30,10
Indeno[l,2.3-c dlpytene 276 ! 277,138 - 25,30
Dibenzo(a,h)anthracene 278 Eo279,139 25,20
Benz.o[g.h.n]perylme 276 ! 277,138 25,20

® Note: Relative abundance of ions within any given isomer group will vary consxderably. depending on isomer of interest.

Relanve abundance should be determined in analysxs of crude solution.

Arthur D Little
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3.0 - Analytlcal Methods;_(contlnued)*‘ .

;
f

Individual PAHs were identified by comparing retention times and extracted ion
profiles to those of the standards The concentrations of PAHs were corrected for
instrumental response based on response factors generated from the analysis of
authentic PAH standards. Quanuﬁcauon of individual components was made using -
response factors determined in the initial calibration. Alkyl homologues for which
authentic standards do not exist: were assigned the response factors of the next
lowest-substituted alkyl homologue, or the unsubstituted parent compound.
Concentrations of individual PAHs were calculated by the Hewlett Packard RTE-A
data system using Aquarius soﬁware (Environmental Testing and Certification Corp.).

Concentrations of the- identiﬁcd compounds were determined by measuring peak areas
(ion currents) of the quanutanon ion (usually the parent ion) in the selected ion
chromatograms and relating them to the peaks of the internal standards. The
concentrations of PAH were determined i in ng/g on a dry-weight basis for sediments
and on a wet-weight basis for tissues.

3.3.4 Quality control methods Several quahty control measures were implemented
in conjunction with hydrocarbon analyses in order to provide a measure of analytical
accuracy, precision, and pos51b1e contamination. The following sections describe the
specific measures taken to assure data quahty

3.3.4.1 Determination of accuracy Accuracy can be defined as the percent
recovery of a surrogate compound spiked into a sample at the beginning of an
extraction, or the percent recovery of a compound of known concentration in a
standard reference material. The accuracy of the analytical methods was monitored
through the calculation of the percent recoveries of surrogate compounds added as
internal standards, and analysxs of spiked blanks (spiked with natural hydrocarbons
and processed/analyzed with each batch of samples). The blanks were spiked with
10 pg of each compound in thc matrix/blank spiking solution. Recovery (percent)
was calculated for each analyte in a spiked blank, based on the recovery internal
standard. The accuracy of the hydrocarbon analyucal methods was also determined
through the analysis of standard reference materials (Canadian test sediment, HS-2,
from the Marine Analytical Re;search Laboratory, Halifax, Nova Scotia), and
participation in NOAA/NIST intercalibration exercises. The results of the analysis of
Canadian test sediment and the NOAA/NIST intercalibration exercises are presented
in section 4.4.2. g C

|
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3.0 Analytical Methods (continued)

The percent recovery of smnda;ds, surrogate compounds, and spiked analytes was
calculated by the following equation:

Percent Recovery = X x 100
‘ T

Where: X = the calculated amount of surrogate
standard in the sample, of certified
compound in SRM, or of spiked analyte
in spiked blank

T = the known quantity'of surrogate standard
i or compound in SRM

3.3.4.1.1 Spiked blank analysis. A spiked blank is a procedural blank to which the
appropriate surrogate and natural compounds are added before processing. The
results of a spiked blank analysis provide information on the analytical recovery (i.e.,
accuracy) of spiked analytes. Splked blanks are often used in place of spiked matrix
samples when, as in this case no suitable matrix material is available. At least one
spiked blank was processed and analyzed with each batch of samples (up to 20
samples in a batch). {

3.3.4.1.2 Standard referencé material analysis. A common method used in
evaluating the accuracy of envuonmental data is to analyze standard reference
materials, samples for which cpnsensus or "accepted” analyte concentrations exist.
Sediment standard reference material, Canadian test sediment HS-2, was obtained
from the Marine Analytical Re’search Laboratory, Halifax, Nova Scotia, and analyzed.

3.3.4.1.3 NOAA/NIST Intechllbratlon exercise. The PAH component of the NIST
intercalibration exercise was analyzed and reported to NIST. Results of the first and
second exercise are presented i m Tables 4.25 and 4.26.

3.3.4.1.4 Analysis of archlved sample. As part of the 1989 program, one archived
sample from the 1984-1989 prograrn was analyzed in triplicate. Results are presented
in Table 4.11. |

3.3.4.2 Determination of precision. Precision is defined in this study as the percent
variation of target compounds |in replicate samples. It is commonly expressed as
relative percent difference or relauve standard deviation depending upon the number
of replicates. The precision of the analyses was monitored throughout the study by
comparison of the results for the duplicate spiked blanks: In addition, seven
subsamples of a single sedlment sample and seven subsamples of a single amphipod
sample were processed in one Ibatch of each type of analysis (sediment and tissue,

]

respectively). - :
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3.0 Analytical Methods (continued) - -

The precrs1on of the analytical measurements was calculated from variations in the
results for both analytes and surrogate compounds in duplicate and replicate sample
analyses. For. duphcate analy81s, precision was measured by relatlve percent
difference (%RPD):

Relative Percent leference =G -C :x100
: C+Cnr

Where: C; ='concenjtration of duplicate 1
C, = concentration of duplicate 2

Precision of analytical measurements was esumated in replicate sample analyses by
calculating the standard devxanon (SD): :

|

T o)
| b | = -x2 |
Standard deviation (absolute units) = | i=1 b
; L nl J
where: - .
_ | »
X; = the experimentally determined value for the i™ measurement,
n = the number of rneasumments performed (>2), and
i- |
’ .
X = the mean of the[experimentally determined values.

Precision is frequently expressed as the relative standard deviation (RSD) or
coefficient of variation, (CV) which is the variation about the mean, x, and is
expressed as a percentage. ’I_'ltfe following equation is used to calculate the %RSD:

RSD (%) = (SD) (100)

s :
To determine the analytical precision of analytes in actual field samples, five
subsamples of one selected homogenous sample (sediment or tissue) were analyzed in.
one batch of each type sample and the results were used to calculate precision. The
same sediment samples were analyzed for grain-size drsmbuuon and TOC to
determine the precrsron of these analyses

3.3.4.3 Procedural blank analysls A procedural blank was processed and analyzed
with each batch (up to 20) of samples in order to monitor potential contamination
resulting from laboratory solvents, reagents glassware, and processing procedures

, .

|
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(Y Analytlcal Methods (contlnued)

i
* E

resulting from laboratory solvents, reagents, glassware, and processing procedures.
Internal standards and recovery. internal standards were added as with field and other
quality control samples. Recoveries of the surrogate standards were calculated to
ensure that the minimum requirements for analytical acceptability was achieved.
Acceptance criteria for the pcrccnt recovery of surrogate/mtemal standards was 40 -
120%. : :

Prior to sample analysxs, every' lot of solvent used in analyzing sediment and tissue

samples was analyzed in tnphcatc by GC/MS to determine potential contamination

f from solvents. After the solvent analyses, three sediment and tissue procedural
blanks were also analyzed to asscss potential labware and reagent contamination.

3.3.4.4 Detection limits determination. There are a number of methods used to
determine detection limits of analytes in different matrices. Some methods, such as
‘that recommended by EPA (40 CFR, 136, App. B), measure analytical precision.
Other methods such as the sxgnal to-noise method are measurements of instrument

analytical experience, type of instrumentation used in the analysis, and the objectives
of the particular project. For the 1989 program, the standard deviation associated
with the analysis of seven rephcatc samples was used to determine detection limits,
in accordance with EPA guldeltmes

|

v i sensitivity or response. The selecuon of the appropnate method depends on
i
|

E 3.3.4.5 Data quallty ob]ectlves The data quality objectives for precision and

i accuracy of the target saturated and aromatic hydrocarbons were less than 40 percent
I RSD for precision, and greater, than 60 percent for accuracy. The precision and

, accuracy requirements for PA}}s are more stringent than those typically accepted by
: EPA. Accuracy and precision ;values not within the suggested limits were

:t documented.

|

:

|

\
|

Data quality and adherence to ‘program protocols was ensured through the auditing of
all ADL-generated by ADL’s Quahty Assurance Unit. Any deviations from program
protocols were documented; axlly data failing to meet data quality objectives were
brought to the attention of the: }Program Manager for a decision regardmg data

! reporting and corrective action, ,

|

l 3.4 Auxillary Analyses ’
In addition to the trace metalsjand hydrocarbon analyses, grain size and TOC
concentrations were determined for sedlments to a1d in the interpretation of the
geochemical data. :

’ 3.4.1 Sediment grain size. The sediment grain size analysis was performed by Dr.
ft John Boothroyd at the University of Rhode Island. The method used for grain size

3-18
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3.0 Analytical Methodsi" (continued)
-

the sand fraction into Phi classes was performed in accordance to the procedures .
described by Holme and MclIntyre (1971). The silt/clay fraction (<0.063 mm) was
subdivided into Phi classes by pipette analysis in distilled water containing sodium
metaphosphate dispersant. ’ '

A 25-g aliquot of the sediment sample was dried at 100°C to a constant weight,
cooled in a desiccator, and weighed to 0.01 mg on an analytical balance. The dried
sample was added to a sodiummetaphosphate dispersant solution and agitated on an
orbital shaker. The solution was allowed to settle for 12 h, then resuspended by
further shaking. The sediment solution was wet-sieved through a 0.063 mm sieve to
separate the sand and silt/clay fracnons .The silt/clay fraction was resuspcnded and
subdivided into whole Phi 1nterval classes by the pipette method.

The sand fraction was uansferqed to an aluminum weighing pan, dried to a constant
weight, weighed on an analytical balance, then transferred to a set of standard nested
sieves (2.0 mm, 1.0 mm, 0.5 mm, 0.25 mm, 0. 125 mm and 0.063 mm mesh sizes),
and agitated on a sieve shaker to further subdivide the fraction into whole Phi class
intervals. The percent of sediment in each Phi class was determined by transferring
the sediment remaining on each screen to a tared container and weighed to the
nearest 0.01 g. : !_ ,

As a quality control measure, two samples were processed in duplicate, and one
sample was processed in tripliéate No SRMs were available for this analysis.

3.4.2 Total organic carbon. ﬂ‘ OC analyS1s was performed by Global Geochemistry
in Canoga Park, California. The method used for TOC analysis was that described
by Froelich (1980). Sediment ;samples were acidified with 6N HCL 'in order to
remove calcium carbonate, and dried at high temperature. Combustion was achieved
using a Carlo Erba Model 1106 Carbon Hydrogen Nltrogen (CHN) analyzer to
convert organic carbon to carbon dioxide.

}
l

As a quality control measure, $ix samples were analyzed in triplicate. No SRMs
were available for this analy51s
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4.0 Presentation of _Reeults

This section presents the data generated as part of the 1989 Beaufort Sea field
sampling program. These data represent the results of the laboratory analyses for
trace elements and hydrocarbons in marine sediment and animal tissues. In addition,
results of the auxiliary parameters, grain size and total organic carbon, are presented
for sediments. The results of the quality control activities are also presented.
Comparison of the 1989 data to the previous BSMP data is discussed in the data
analysis and interpretation of this report (Section 5). ‘

The results of the analyses are presented in four separate subsections for metals,
hydrocarbons, auxiliary parameters, and quality control results. The data has been -
reduced in format to include only the analytes and parameters which are most
important for analysis and interpretation and to allow ease of comparison to the
previous BSMP data. A complete listing of the 1989 data is included in Appendix A
of this report and is presently stored in the ADL Marine Sciences data base for
transmittal to the National Oceamc Data Center (NODC) ~
The results are presented in tables which correspond to the delineated regions of the
study area and include a map of each region to aid in the identification of the station
locations.
4.1 Metals Results

|

~ The concentrations of trace metals were determined in marine sediments and animal

tissues. For sediments, the analyses for each station were performed on the fine
fraction (silt/clay) of three pooled sample replicates from separate grab samples.
However, for one station in each region, with the exception of regions 7 and 8, the
three replicates were analyzed separately and are reported as the mean with the
standard deviation in parentheses For regions 7 and 8 the three replicates for each
station were analyzed separately and are reported as the mean value + one standard
deviation. All tissue samples for which there was sufficient biomass were analyzed
in triplicate and mean values: are reported + the standard deviation. One replicate of
tissue samples with msufﬁc1ent biomass was analyzed and the results are reported as
a single value.

4.1.1 Metals in Sediments. fFigures 4.1 through 4.9 present the concentrations of the
metals in the fine fraction of ithe 48 stations sampled in the 1989 survey. The barium
levels were higher than all other metals in the study area with regional means ranging
from 600 to 840 u/g. The barium levels were consistent throughout the regions with
the exception of Region 5 wllere the concentrations of barium in stations 7A, 7B, and
7G were significantly higher;at 1100, 910, and 1082 ng/g respectively. Cadmium
levels were low in all stations with regional means ranging from 0.13 to 0.20 ug/g.:
The concentrations of lead and copper were in the range of 8.37 to 27.0 pg/g, while
the regional means of chromium, vanadium and zinc ranged from 87 to 191 pg/g.
The levels of aluminum andgiron were generally constant at stations within a region
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1989 Mean Trace Metal Concentratlons and Percent Fines in West
Camden Bay Area Bulk Sediments.
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1989 Mean Trace Metal Concentrations and Percent: Fines in Foggy

Island Bay Area Bulk Sediments.
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