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EXECUTIVESUMMARY

in October 1989, the Battelle/Marine Sciences Laboratory (MSL) conducted

sampling, geological characterization, and chemical evaluation studies on

sediment from a proposed ship channel in San Francisco Bay, California. The

channel under study was the John F. Baldwin Ship Channel authorized for con-

struction by Congress in 1965. This channel extends from the San Francisco

Bar, through San Pablo Bay, into Carquinez Strait, and on to Sacramento. The

1989 study area included a 28-mile-long portion of the John F. Baldwin Ship

Channel that extended from West Richmond to and including Carquinez Strait.

The objective of our study was to determine physical characteristics and

chemical contaminant levels in sediment to the proposed project depth of

-45 i_t mean lower low water (MLLW) (plus 2 ft of overdepth).

Sediment core samples were collected at 47 locations throughout the John

F. Baldwin Ship Channel using a vibratory hammercore sampler. Ten of these

locations were from West Richmond, 29 from San Pablo Bay, and 8 from

Carquinez Strait. The geological properties of sediment core samples were

described, the sediment from the cores was composited into 72 separate

samples based on those descriptions, and chemical analyses were conducted of

13 metals, 16 polynuclear aromatic hydrocarbons (PAH), 18 pesticides, 7 PCBs,
, ,

3 butyltins, and 4 conventional sediment characteristics. These data were

then compared with sediment values from Oakland and Richmond harbors,

reference values from Point Reyes fine.- and coarse-grained sediments, and

from typical shale sediment.

These studies were the first phase of sediment evaluations for this

section of the John F. Baldwin Ship Channel. The objective was to inventory

sediment contaminants at each location. In general, the sediment from the

John F. Baldwin Ship Channel area showed little contamination. However,

sediment from the West Richmond area had PAHcontamination that was elevated

and contained the lower molecular weight PAHcompounds that indicate I) the

presence of unweathered petroleum, and 2) the potential for acute toxicity to

marine organisms. Sediment from Carquinez Strait and the northeastern end

of Pinole Shoal had elevated levels of aluminum, arsenic, and mercury that

were not correlated to the concentration of total organic carbon or grain
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0size. This lack of correlationto other sedimentcharacteristicsmay

indicatethat these metals have different availabilitiesto organisms. The

centralregion of PinoleShoal (P VI and P VII) appearedto contain elevated

levels of one or more metals. This informationwill be used to plan further

evaluationsthat will be conductedduring the n.xt phase of the project.
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O 1.0 INTRQDUCTION

The John F. Baldwin Ship Channel is part of the San Francisco Bay to

Stockton, California, Navigation Project authorized by the River and Harbors

Act of 1965 (Public Law 89-298). The U.S. Army Corps of Engineers (USACE),

San Francisco District, is responsible for constructing the John F. Baldwin

Ship Channel, and the Corps' Sacrametlto District is responsible forh

constructing the Stockton Deep Water Channel portion of the project. The John

F. Baldwin Ship Channel extends from San Francisco Bay near the city of San

Francisco through Suisun Bay, and consists of five improvement or construction

areas: the San Francisco Bar, West Richmond, Pinole Shoal, Carquinez Strait,

and Suisun channels. These improvements were planned to be completed in three

phases. Under Phase I, completed in 1974, a 2000-ft-wide channel was built to

a depth of -55 ft meanlower low water (MLLW) across the San Francisco Bar

near the Golden Gate. Phase II, approved in 1984, provided channel

improvements to -45 ft MLLWin central San Francisco Bay near Richmond,

California. Phase III plans to improve a 28-mile section of the John F.

Baldwin Ship Cilannel between San Francisco Bay, west of Richmond, and Suisun
Bay. This third development phase is the subject of this report.

Planned Phase III channel improvements include deepening the John F.

Baldwin Ship Channel to -45 ft MLt.Win the West Richmond, Pinole Shoal, and

Carquinez Strait reaches, shown in Figure 1.1. Approximately 800,000 yd3 of

sediment will be removed from West Richmond_ 7,00G_O00 yd3 from Pinele Shoal,

and 700,000 yd3 from Carquinez Strait. The sediment proposed for removal from

these project areas is being considered for use in creating wetlands or

marshes, in-bay disposal at Alcatraz Island, or offshore disposal. Before

selecting one of these alternatives, the USACEis required to test the

sediment 'For chemical concentrations, and may later test for biological

toxicity° The San Francisco District of the USACErequested the

0
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Battelle/MarineSciences Laboratory(MSL)(a) in Sequim,Washington,to
participatein the design and implementationof a program to evaluate

sedimentsfrom the John F. BaldwinShip Channel Phase III project area.

Battelle/MarineSciencesLaboratory'sJohn F. BaldwinShip Channel

programwas designed to providecomprehensiveinformationon the chemical,

physical,and geologicalcharacteristicsof sedimentsin the project area.

Sedimentcore sampleswere collected to a depth of -47 ft MLLW from the

channel and composited into samplesfor analysis. Grain size, total organic

carbon (TOC),oil and grease, petroleumhydrocarbons,metals, butyltins,

semivolatileorganic compounds,chlorinatedpesticides,and polychlorinated

biphenylswere measured in each sample. From this information,USACE can

evaluatedisposal alternativesor the necessityof conductinga more extensive

biologicalcharacterization.

This report documentsthe field sampling,geologicalanalysis of sediment

cores, sample preparation(compositing),chemicalanalysis,and quality

control elements of the program. Methods for these componentsare reported in

Section 2.0. in Section 3.0 the results of field sampling,geological

analysis,sample preparation,and chemical analysesare summarizedand

discussed. Conclusionsthat were drawn after examinationof the data are

presentedin Section 4.0. Programquality assuranceis documented 'in

Section5.0, and referencesare listed in Section6.0. Supporting information

and data are contained in AppendicesA throughD.

(a) The Battelle/MarineSciencesLaboratoryis part of the Pacific Northwest
Laboratory,wh4ch is operatedby BattelleMemorial Institutefor the U.S.

Departmentof Energy under ContractDE-ACO6-76RLO1830.
1.3



2.1

The objective of the field sampling program was to collect samples

appropriate for determining the horizontal and vertical distribution of geo-

logical properties and chemical concentrations in the John F. Baldwin Ship

Channel Project area. Specifically, sediment cores were to be collected at

49 sites to a project depth of -45 ft MLLWplus 2 ft of overdepth, or -47 ft

MLLW. Planned sampling sites were located in the West Richmond (9 sites),

Pinole Shoal (30 sites), and Carquinez Strait (10 sites) reaches of the John

F. Baldwin Ship Channel (Figure 1.1).

2.1.1 Navigation.

Navigational support was provided by Beak Consultants, Inc. They used

two Motorola MiniRanger III consoles with receiver/transceivers and four shore

stations to establish location of sampling sites with a horizontal accuracy

of .+.I m. This accuracy resulted in a navigational fix within a diameter of

+_2m.
Before sampling, the desired station locations were plotted on charts

referenced to California State Plane Coordinates. The preplotted coordinates

were used as target points to provide sampling within the 50-ft circle of the

desired location. The exact sampling location was selected onsite by using a

fethometer to find the minimum water depth within this circle, that is, the

location where there was the most sediment to project depth. This resulted in

maximum possible length of the sediment core collected in each area.

The procedure to fix sampling locations was to establish 'three or four

navigational shore stations at U.S. Geological Survey (USGS)monuments having

published horizontal and vertical control information. The shore stations

provided suitable geometry for establishing ranges to each of the sampling

sites. After each shore station was identified, transponders were installed

and r_nges were calculated From each shore station to each of the planned

sampling sites. The navigational vessel (a 17-ft Boston Whaler) then wro-

ceeded on these ranges to each station and placed a 24-in.-diameter buoy at

each site. When the buoy settled into the current and wind, a navigational

Q
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fix was taken, and water depth and time were recorded. To calculatethe

required core length, the water depth Was convertedto MLLW by applying the

appropriatetide correction for each time and location. Correctedwater

depth, time of sampling,and 'requiredcore length were recorded on a coring

log sheet. If the entire circle was deeper than -47 ft MLLW, the station was

either rejectedor relocated. The site was then sampled as described in the

following section.

2.1.2 Core Samplinq

Core samplingwas conductedby Manson Constructionof Richmond,

California,and MSL personnel. Sediment cores were collectedwith a vibratory

hammer coring device (Figure2.1) operated f_'omthe 112- x 52-ft platform of

the Manson Constructionderrick barge Andrew. The 50-ft long, 4-in -diameter

barrel of the coring device was lined with 3.625-in.diameter polycarbonate

Lexan core liner to eliminate cross-contaminationbetween samples and minimize

i potentialcontaminationof any sample. To prevent contaminationbefore

initiationof sampling,all Lexan core linerswere steam cleaned and capped,

the core barrelwas driven into sand to physicallypolish its insideand out-

side surfaces,and the barge deck and all portions of the heavy samplinggear

were rinsed with seawater. Dependingon the depth at the station, a piece of

core liner at least 5 ft longer than the required core length was loaded into

the barrel and securedwith a cutter head screwed onto the threaded end of the

core barrel. The outer surface of the core barrel was marked with white pailt

at l-ft intervalsto determinethe penetrationdepth of the samplingdevice.

A 6-ton electric vibratoryhammer coupledto the top of the core barrel

providedthe power to drive the core barrel to the necessarydepth.

Collectionof the core sample began after tilebarge was positionedby the

tugboat at the marker buoy. Positionwas maintained during the coring opera-

tion by either of two ways, spud or normal anchoring. When possible,the

barge was anchoredwith spuds. Otherwise,two anchorswere dropped and the

drift of the barge controlled by the tugboatpushing the barge into the wind
l

or current until the anchor cables held the barge in correct position. When

the Andrew was in position,the vibratoryhammer and core barrel were lifted

J
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by the 1lO-ftcrane and suspendednext to the bargedecko The deck crew

securedthe core barrel to the side of the barge while the crane operator

coupledthe vibratory hammer to the core barrel (Figure2.1). The core barrel

was then released from the side of the barge and suspendedabove the station

buoy, where it is lowered to the bottom and allowedto penetratethe sediment

under its own weight. If penetrationto the desireddepthdid not occur as a

result of the mass of the sampler,the vibratoryhammerwas activatedto drive

the core barrel to the necessarydepth. At this point, the vibratoryhammer

was decoupledfrom the core barrel,and the entire assemblywas lifted out of

the water by the crane and gently loweredto the deck of thebarge.

The cutter head was removed and the sediment-filledcore liner was pulled

from the core barrel and placed on a working stand. The sedimentsample

insidethe core liner was inspectedto ensure that it was long enough and

either acceptedor rejected. If rejected,anothersamplewas taken. If

accepted,the deepest end of the core was capped, the core liner was cut above

the sediment/waterin,.erface,and this upper end was capped. The core was

then labeled, cut into transportablesections,and the ends of each section

capped and sealed. The length of core collected,number of sections,and

" labels assignedto the sectionswere recordedon the coring log sheet.

2.1.3 Sa_a_mp_]leStoraqe and Chain.o_of_

Cut and labeled core sectionswere stored on board the samplingvessel in

a freezermaintainedat 4°C. At the end of each samplingday, the sections

were loaded into a refrigeratedtruck, also maintainedat 4°C. A sediment

" sample chain-of-custodyform accompaniedthe core samplesfrom the time they

were loaded into the truck to the time they were deliveredto MSL.

2.2 LABORATORYCOMPOSITING

Laboratorycompositingconsistedof all activitiesbetweenfield collec.-

tion of cores and chemical analysisof sediment samples. These activities

includedlongitudinalsplittingof cores, geologicaldescriptionof core sedi-

ments, compositingof sediment samples,sample storage,and sample tracking.

The steps involved in laboratorycompositingare detailed in the following

sections.

2.4 0



2.2.1 LaboratoryGlasswareand EquipmentPreparation
To avoid sample contamination,all laboratoryglassware and equipment

were cleaned before use. Stainlesssteel blades, spatulas,spoons,and bowls

used for core cutting,sedimentmixing, and short-termstoragewere washed

with warm, soapywater, rinsed five times with deionizedwater, and allowedto

air dry. ][mmediatelybefore use, stainlesssteel utensils and bowls were

rinsed twice with methylenechloride (MeCl2)under a fume hood and allowed to

dry. Preclear,ed glass jars with Teflon-linedcaps were purchasedand used to

containsediment samplesfor organics analysis. Plasticjars were used to

contain sedimentsfor metals and grain-sizeanalysis. Jars for grain-size

analysiswere new and required no specialcleaning. New plasticjars for

metals sampleswere washed in soapy water, rinsed five times with deionized

water, then placed in a 5% nitric acid (HN03)bath for a minimum of 4 hr.

After removalfrom the acid, the jars were rinsed five times with deionized

water, then air dried.

2.2.2 Core Cutting_GeoloqicalDescription,an.dCompositinq

After core samplesarrivedat MSL, they were stored in a walk-incold
room at 4°C until processed Cores were processed in the same order as they

were collectedin the field. The only exceptionsto this processingorder

were a few cores from Carquinez Strait and Pinole Shoal berthing areas (CB 4A,

CB I, P XII BI, and P Xll B2), which were not cut until USACE approvedthe

processingof cores from non-federaldredging areas. Each John F. Baldwin

Ship Channel core sample was cut in half longitudinally,then examinedby an

MSL geologistand a USACE representative. Geologicaldescriptionswere

performedaccordingto the American Society for Testing and Materials (.ASTM)

ProcedureD2488-84,StandardPractice for Descriptionand Identificationof

Soils (Visual-ManualProcedure)(ASTM 1984). Sediment characteristicsthat

were recorded on a geologicalcore log form includedthe following-

° lithology

• dilatancyof silt/clay

° toughnessof silt/clay

° plasticityof silt/clay

0
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• sedimenttype (i.e.,engineeringclassification)

• color

• consistency (i.e.,firmness)

• cementation

° sedimentarYstructure
b

° reaction with hydrochloricacid

• maximum particlesize

• odor.

In addition,any other diagnosticfeatures such as the presence of root

traces,mollusk shells and/orrelated detritus,or the sedimentdry strength

were noted.

The USACE representativethen decided,based on the length of the core

and the geologistJsdescriptionof sedimentcharacteristics,if and where 'the

core was to be verticallydivided into multiple sediment samples. Criteria

for dividing the core includeddiscontinuitiesin sedimenttype, structure,or

particle size, and the volume of material betweenthe mudline and project

depth (-47 ft MLLW). If the core was not divided,one sample was mixed from

the sedimentsbetweenthe mudline and projectdepth in that core. If the core

was divided, the dividinglines were measuredand clearly marked by indenta-

tion of the sedimentsurface, For each samplethat was prepared,the sampling

station,the section(s)of core making up the sample,and a code number relat-

ing the sample to the stationwere recordedon a compositing/sampleprepara-

tion form.

To composite,or mix, samples for chemicalanalysis,sediment from the

appropriatesegmentof each core was removedfrom the core liner with a stain-

less steel spatulaand placed in a labeled,stainlesssteel bowl. Care was

taken to avoid removing sedimentthat had been in direct contactwith the core

liner, or sedimentcontainingflakes of liner resultingfrom the cutting proc-
c

ess. Sediment was mixed with the spatula until the color and texturewere

homogenous,then transferredto appropriatelylabeledjars for the various

chemical and physicalanalyses.

0
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O 2.2.3 SampleStorag_ and Chain of _C.ustod__v.
Upon delivery at MSL, core sampleswere stored at 4°C in a walk-in cold

room until removedfor cutting. Jars containing chemistrysampleswere stored

on ice in coolers or in the cold room until deliveredor shippedto analytical

laboratories. A chain-Of-custodyform accompaniedeach set of samples shipped

or transferredto analyticallaboratories.

2.3 ANALYTICAL_CHEMISTRY

The followingsectionsbriefly describe the methods used for analysis of

sedimentfor the required chemicaland physical parameters. All methods were

consistentwith U.S. EnvironmentalProtection Agency (EPA)-approvedproce-

dures. A list of the analytes,required analyticaldetectionlimits, quality

control(QC) requirements,and the number of samplesanalyzed is presentedin

Table 2.1.

2.3.1 SedimentConventionals

2.3.1.1 G_r_ai_nSize
i

0 ?rain size of sediment samples wasdetermined by a combinationof sieve

and pipet techniques,followingthe Puget Sound Estuary Program (PSEP)

Protocolsfor Measuring Selected EnvironmentalVariablesin Puget Sound (PSEP

1986). These methods are consistentwith ASTM D421 (ASTM 1978) and D422 (ASTM

1972). Approximately25 g sediment was removedfor analysisof total solids,

while another20- to 100-g aliquotwas weighed for grain-sizeanalysis. To

separatethe coarser sand and gravel fraction from the silt/clayfraction,

sedimentwas washed with distilledwater through a 62.5-_m (4.0 phi) sieve

into a I-L graduatedcylinder. The coarse fractionwas dried, weighed, and

shakenthrough a nest of sieves to yield the requiredseven coarse subfrac-

tions The silt/clayfractionwas subdividedby a pipet technique based on

Stoke's Law of differentialsettlingvelocities for differentsized particles.

The silt/clayfraction was disassociatedby a dispersantin distilledwater in

a i-L graduatedcylinder. At specifiedtime intervalsand specifieddepths

below the surface,20-mL aliquots of suspensionwere withdrawnfrom the

graduatedcylinder,deliveredto a preweighedcontainer,and dried to constant

weight at 90° ± 2°C. The gr_in-sizefractions and methods of determination

.0
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TABLE 2.1, AnalyticalChemistryRequirementsfor John F. BaldwinShip

Channel Sediment Samples 0

Detecti_ Type and N.__mberof_SamIp_Z_Limits , JFB i0%,., 10% Min.
Measu2ement mq/kq _ SR__.MMDups_D) _ _ Total

Conventiona].s
TOC 0.1% 65 I 7 N/A N/A 73
Total oil and grease 20 65 N/A 7 7 5 84
Total petroleum HC 20 65 N/A 7 7 5 84
Grain size N/A 65 N/A 7 N/A N/A 72

Metals
Ag 0,i 65 0 7 7 2 81
AI 10 65 2 7 0 2 76
As 2 65 2 7 0 2 76
Cd 0,I 65 2 7 0 2 76
Co 0.1 65 2 7 0 2 76
Cr 2 65 2 7 0 2 76
Cu 2 65 2 7 0 2 76
Hg 0.02 65 2 7 0 2 76
Ni 2 65 2 7 0 2 76
Pb 2 65 2 7 0 2 76
Se I 65 0 7 7 2 81
Tl 0.1 65 0 7 7 2 81
Zn 2 65 2 7 0 2 76

Butyltins 0.01 65 2 7 7 2 83

PCB____ss(c) O.02 65 2 7 7 2 83

Semi-volatiles(d) 0.02 65 2 7 7 2 83

Pesticides(e) 0.001-0.03 65 I 7 7 2 82

(a) Target detectionlimits; all effortswere made to reach "lowest
practicaldetectionlimit.

(b) Duplicatejars of composite includedin sample shipmentsto analytical
laboratories.

(c) Reportedas Aroclor equivalents1242, 1248, 1254, and 1260, and total.
(d) All compoundson EPA Method 610 list (AppendixC, Table C.8).
(e) All Compoundson EPA Method 608 list (AppendixC, Table C.9).
SRM = standardreferencematerial.
N/A = not applicable.



are listed in Table 2.2. Quality control measures included duplicate analysisof 10% of total samples, Spikes, standard reference materials, or minimum

detection limits do not apply to grain-size analysis,

TABLE 2.2. Sediment Grain Size Fractions and Method of Determination Used
in Grain-Size Analysis of John F. Baldwin Ship Channel Samples

Ti me of
Grain Size, Sieve Pipet P_pet SamDlincl

_____._m _2_bi__ Numbe_' _De_ h_£__r_ se____c

> 4750 <-2.25 4 N/A N/A
i

4750-2000 -2.25 10 N/A N/A

2000-850 -i .00 20 N/A N/A

850-425 0.25 40 N/A N/A

425-250 1.25 60 N/A N/A

250-106 2.00 140 N/A N/A

106-75 3.25 200 N/A N/A

75-62.5 3.75 230 N/A N/A

62.5-31.2 4.00 N/A 20 0 0 20

31.2-15.6 5.00 N/A 10 0 I 55

15.6-7.8 6.00 N/A 10 0 7 41

7.8-3.9 7.00 N/A 10 0 31 0

3.9-1.9 8.00 N/A 10 2 3 0

1.9-0,9 9.00 N/A 7 5 43 0

0.9-0.4 10.0 N/A 7 22 53 0

0.4-0.2 11.0 N/A 5 65 25 0

0
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2.3.1.2 Total OrqallicCarbon

The TOC measurementincludesthe amount of nonvolatile,partiallyvola-

tile, volatile,and particulateorganic compoundsin a sample. The TOC in

sedimentwas determinedby measuringthe carbondioxide releasedduring com-

bustionof the sample (PSEP1986; SW846 Method 9060 EPA 1986a). Before

combustion,inorganiccarbonatewas removed by acidification. Quality control

measures includedduplicateanalysison 10% of the samplesand analysisof the

SRM MESS-I, Results are reportedas percent of dry weight.

2.3.1.3 Oil and Gr__aseand PetroleumH;¢drocarbons

Total oil and grease includesvegetableoils, animal fats, soaps, waxes,

and any other carbon-hydrogenmaterial extractableby Freon solvent. Total

petroleumhydrocarbonsare the fninerclfractionof total oil and grease.

Infra-red spectrophotometry(IR) is used to determineconcentrationsof oil

and grease (Method413.2, EPA 1979) aridpetroleumhydrocarbons(Method418.1,

EPA 1979). A 20-g aliquotof sample was dried with anhydroussodium sulfate,

then extractedwith Freon on a rolling-millsample homogenizer.

For total oil and grease,sample extractswere scanned from 4000 to
"I

600 cm on an infraredspectrophotometerand the peak height measured at

2930 cm"I. This wavelengthrepresentsthe -CH2 configurationsof hydrocarbons

and was the standard used to determineoil and grease. For total petroleum

hydrocarbons,the extractwas run through silicagel to remove the animal-and

vegetable-basedoils and scannedthe same way as for oil and grease. The

relationshipof peak heightLo the oil concentrationwas determined by

regressingthe peak heightversus a known concentrationof 'Fueloil.

2.3.2 Metals

Thirteen metals were measured in John F. BaldwinShip Channel sediment'

silver (Ag), aluminum (Al),arsenic (As), cadmium (Cd), cobalt (Co), chromium

(Or),copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), selenium (Se), thal-

lium (Tl), and zinc (Zn). Eight metals (Al, As, Cr, Cu, Ni, Pb, Se, and Zn)

were measured by energy-diffusiveX-Ray fluorescence(XRF) followingtile

method of Nielson and Sanders(1983). Mercurywas analyzed by cold-_poY

atomic absorption spectroscopy(CVAA) (SW846Method 7471, EPA 1986a; Bloom and

2.I0 0



Crecelius1983),while Ag, Cd, Co, and T1 were analyzedby Zeeman graphi e-furnace atomicabsorption spectroscopy(GFAA) (SW846 7000 series,EPA 1986a;

Bloomand Crecelius 1984).

To preparesedimentsfor analysis,sampleswere freeze-dried,then

blendedin a Spex mixer-mill. Approximately5 g of mixed sedimentwas ground

in a ceramicball mill. The XRF analysiswas performedon a 0.5-g aliquot of

dried, ground sediment pressed into a pe'llet of 2 cm diameter. For GFAA and

CVAA analysis,O.2-g aliquots of dried homogenatewent throughan acid diges-

tion processto separate and isolatethe metals from the sediment. Quality

controlmeasuresfor metals analysis includedanalysisof blanks (not

,_pplicableto XRF technique), 10% duplicates,and two SRFIs: National Bureau

' of Standards (NBS) SRM 1646 and NationalResearch Councilof Canada (NRCC)SRM

MESS-I. Becausethere are no certifiedSRM values for Ag and Tl, matrix

spikes were analyzedto assess accuracyof Ag and Tl measurements.

2.3.3 ButYlt,iD_E

Butyltincompoundswere analyzedusing gas chromatographywith flame

photometricdetection (GC-FPD)followingthe methods of Unger et al. (1986).

Approximately 10 g of wet sediment was weighed into a solvent-rinsed jar,

dried with anhydrous sodium sulfate, then extracted from sediment with 110 mL

MeCI2 and 0.25 g tropolone. Propyltin was added before extraction as a sur-
rogate compound to assess extraction efficiency. The extract was decanted

through silanized glass wool to remove particles, and the container rinsed

three times with MeCI2 to ensure _t,_t all extracted material was recovered.
The mono-, di-, and tri-butyltin compounds extracted from the sediment were

derivatized with n-hexyl magnesium bromide to a less volatile, more thermally

stable form (nonionic n-hexyl derivatives).

The extracts were passed through a florisil liquid chromatography column

for cleanup, and the butyltins quantified by GC-FPD. Concentrations were

reported as #g/kg dry weight of mono-, di-, and tri.-butyltin species and a

calculated total obtained by adding the concentrations of detected species (as

opposed to a measured total). The recently certified NRCCSRMPACS-I for

butyltins was analyzed along with John F. Baldwin Ship Channel sediments; the

NationalOceanic and AtmosphericAdministration's(NOAA)referencematerial
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SQ-I was also analyzed. Although not a "standard" (NBS or otherwise i

certified) reference material, SQ-I contains a consistently measurable amount

of butyltins and is routinely analyzed by MSL.

2,3,4 semivol_t_._ileorq_nic.comp_

The semivolatileorganic compoundsanalyzed in John F. Baldwin Ship

Channelsedimentsare the 16 polynucleararomatichydrocarbons(PAHs) listed

in EPA Method 610. These compoundswere extractedfrom sedimentsand an,_lyzed

by gas chromatography/massspectroscopy(GC/MS)followingEPA SW846'Method

8270 (capillarycolumn technique) (49 FR 112-117),

The percentmoisture in each sample was determined from one aliquot of

sediment. Anotheraliquotwas mixed with sodium sulfate, spikedwith the

appropriatebase/neutralsurrogatestandards(nitrobenzene-dS,2-fluoro-

biphenyl,and terphenyl-di4),then extractedwith MeCl2 in a Soxhlet
extractor. The extractwas concentratedto less than 10 mL in a Kuderna-

Danish concentratorand then reduced to a final volume of 200 _L under a flow

of clean nitrogengas. The internalquantitatlonstandardswere added to the

extract and the extractanalyzed by GC/MS, The 200-_L final extractvolume
and five-folddilutionsof internalstandardswere modificationsto the method

that resulted in lower detection limits. Detection limits for the PAHcom-

pounds were calculated from the results of analyses of seven low.level spike

replicate samples, using clean sand as the spiking matrix.

Quality control measures included analyzing blanks, using matrix spikes

on 10% of samples For accuracy, duplicating 10%of the samples for precision,

and analyzing seven compositing duplicates. In addition, two SRMsfrom NRCC

were analyzed, HS-3 and SES-I. The percent recoveries of; the surrogate com-

pounds were also reported; samples for which surrogate recovery control limits

irl EPA Method 8270 (EPA 1986a) were not met were reextracted and reanalyzed.

2.3,5 Ch!orinatedPesticide_.an___#_dPo]ychlo_r!natedBiphenyl_s)....(P_CBs_)

Chlorinatedpesticidesand PCBs 'Insedimentswere quantifiedby gas

chromatography/electroncapturedetection (GC/ECD)following EPA SW846 Method

8080 (EPA 1986a), Chlorinatedpesticidesand PCBs were extractedovernight in

a Soxh'letextractor',and the solventwas exchanged,to hexane For GC/ECD

analysis_. Dibutylchlorendate(DBC) was the surrogatecompound added to each

2.12



samplebefore ex'_,ractionto assess extractionefficiency. The matrix spikingsolutionwas also added to the appropriatesamplesbefore extraction. Matrix

spikes were conductedon 10% of the samplesto assess accuracyof measure-

ments; another 10% were duplicatedto assess analyticalprecision. Two

referencematerialswere analyzed,NOAA's SQ-I, which is not "standard,"but

has been routinelyanalyzedfor pesticidesand PCBs_ and NRCC SRM HS_I, which

has a certifiedconcentrationof PCB. At least one method blank was analyzed

for every 20 samples.
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3.0 .RESULTS.'_AND DISCUSSION

3,I _I_L!_LQ__AND COMPOSIT]{NQ

The field samplingeffort in the John F, BaldwinShip Channel was com-

pleted betweenSeptember 5 and 12, 1989, All 49 of the planned stationswere

visitedduring this period. Core sampleswere successfuliycollected at the

nine sampling sites in the West Richmondreach (Figure3.1), and at all
•'"A

30 sites in Pinole Shoal (Figure3.2). In CarquinezStrait (Figure3.3), two

plannedstations near the Shell and Amorco docks along the southern edge of

the channelwere rejected becausethe sites were alreadydeeper than the

projectdepth of -47 ft MLLW (-45 ft plus 2 ft overdepth), One station

(CB 4A) Was added in CarquinezStrait for a total of nine sitessampled in

that reach, In all, 48 core sampleswere collected. Completecore sampling

informationis provided in Table 3,1.

Upon arrival at MSL, cores were cut and samples for sedimentchemistry

compositedduring Task 4 (LaboratoryCompositing)of the John F. Baldwin

Program (see Section2,2).° Core cutting,geologicaldescription,and sample

preparationwere completedbetweenSeptember 14 and 21, 1989. Followingthe

guidance of the geologistand the USACE representative,20 of the cores were

divided into 2 vertical sectionsthat were 'thenhomogenizedinto sediment

samples,while I core was divided into 3 samples; I samplewas prepared from

each of the remaining 27 cores. In total, 75 sediment samples plus 7 com-

positing duplicates (two aliquots from the same bowl of homogenized sediment)

were prepared From the 48 cores.

Of the 75 samples, 70 were analyzed, while 5 were archived uni_il local

sponsors agree to fund the analyses. The archived samples were from Stations

. CB 2 (I sample), P XIII B3 (2 samples), and P XlII B4 (two samples). These

stations represent berthing areas that are not federally maintained. To

archive samples, composited sediments were placed in labeled, solvent-rinsed,

I-L jars and stored at 4°C in the walk-in cold room at MSL. These archived

samples are available for chemical analysis, although the holding time has

been exceeded for certain analyses.

.0
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_. sampling Sites in West Richmond Reach of John F. Baldwin
Ship Channel (0:I sample analyzed; (I)=2 samples analyzed)
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3,2 GEOLOGY
In this section, the general geology of the John F. Baldwin Ship Channel

sediments is described based on the 48 core samples collected in September

1989. The West Richmond, Pinole Shoal, and Carquinez Strait reaches are

discussed individually in Sections 3.2.1, 3.2.2, and 3.3.3 respectively.

Three geologic units are present in the John F. Baldwin Ship Channel study

area, the Older Bay Mud, Sand Deposits, and Younger Bay Mud (YBM) (USACE

1975a). The oldest unit is the Older Bay Mud, which consists primarily of

firm clay, silt, sand, and small gravels depositedduring the last inter-

glacial period when sea level resided as much as 335 ft below its present

level (USACE1975b, 1979). None of the core samples penetrated the Older Bay

Mud unit.

Sand deposits form an interfingering unit with the underlying Older Bay

Mud and the overlying Younger Bay Mud; thickness of the sand deposits is not

uniform throughout, being generally thicker along bay margins. The sand

deposits are fine grained and mixed with considerable silt and clay; the unit

is believed to represent alluvial fans formed by fluviatile current action

during shoreline fluctuation during the Pleistocene (USACE1975a). Although

considerable amounts of fine sands are present in several cores, it is

unlikely that they represent the Sand Deposit unit because of the relatively

shallow depths penetrated during core sampling (Table 3.1).

The Younger Bay Mud consists of mostly soft, dark-colored sediments

deposited in an estuarine environment. These deposits were laid down as sea

level rose following the last ice age, which ended approximately 12,000 years

ago (Barry 1983). The YBMunit appears to form a continuous blanket across

the harbor bottom. The YBMunit consists mostly of very soft to soft silty

clays and clayey silts with minor amounts of organic material, fine sand and

shell fragments (USACE1975a). In the John F. Baldwin Ship Channel area,

especially in San Pablo Bay, the YBMsediments consisted primarily of sand

rather than the typically finer silts and clays. Soil colors ranged from dark

gray to dark olive gray to black. Dark colors, in combination with the odor

of rotten eggs (i.e., hydrogen sulfide), are indications of chemically reduc-

ing conditions. The shallow nature of the sediment cores would suggest that

the primary unit represented in the John F. Baldwin Ship Channel sampling area
3.7



is the YBM. The YBM unit is not restrictedto the present bay area, but also

lies above sea level a considerabledistance inland (USACE 1975a). This sug-

gests that sea level has been higher at times In the past.

3.2.1 .Wes.t.Richmo,?d

A total of nine cores, rangingin length from 5 to 12.6 ft, were charac-

terizedfrom the West kichmondreach of the John F. BaldwinShip Channel.

Only the YBM unit was present in the cores. Figure3.4 shows a cross section

along the length of the West Richmond sampling area. The southern half of the

West Richmond samplingarea (WR Vll C through WR IV.5 C) consistedof dark to

very dark olive gray sand. In the northernportion of West Richmond,'thesand

begins to be replaced by silts and clays. Similar characteristicsin cores

from West Richmond includedthe presence of alternatinglayers of organic-

rich sand and silty clay. Most sedimentsentering the bay system were

probablydepositedduring periodsof maximum runoff and turbulence associated

with winter storms. These storm deposits produced normallygraded sequences

of varyingthicknessdependingon distance from the source and the amountof

sedimentin suspension. Movementtoward the channel axis is to an area of

higher energy,which resultsin deposition of the sand but continued suspen-

sion of the fines. The areas of greatest sediment accumulationare where the

bottom of the bay is not affectedby storms and current;it is in these areas

of low energywhere the 'Finessettleout of suspensionto create extensive

depositsof silt and clay. The maximum particle size was coarse sand found in

the southernportion of the study area. These cores generallyhad a firmer

consistency,less organic fragments,and less fines.

All West Richmond cores containedshell fragmentsand varying amountsof

organicmaterial in the form of rootlets and wood fragments;three cores in

the central sampling area containedworm burrows completewith live worms.

The rootletsand wood fragmentsare of terrestrialorigin,deposited during

storms. No petroleumodors were noted, but a hydrogen sulfideodor was

present in severalcores I to 2 Ft below the mudline. Colors of the West

Richmondsedimentsranged from dark olive gray to dark gray to black, typical

of the YBM unit, with no overalltrends throughoutthe sample area; the dark

soil colors combinedwith the presenceof a sulfideodor suggests the presence

of chemically reduced conditions.
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3.2.2 P_£Do]e sho ]. A

Thirty-seven cores, ranging from 4 to 13,7 ft in length, were charac-

terized for the Pinole Shoal reach of John F. Baldwin Ship Channel in San

Pablo Bay, 0nly the YBMunit is represented within the sediment cores.

Figure 3.5 shows a cross section along the length of the Pi'hole Shoal reach.

The eastern portion of the sample area is located at the mouth of Mare Island

Strait and Carquinez Strait Channels. Sediments are transported as bedload

and suspended load through these constricted channels to San Pablo Bay, Once

the sediment-laden waters arrive in the open bay, the loss of velocity results

in a diminished ability to carry the sediment load (USACE1975a). As an

example, cores composed primarily of sand and silty sand in the constricted

eastern portion of the bay grade into silts and clay with sand to the west and

southwest (Figures 3.5 and 3.6).

Isolated sand and clay lenses within the sample area (Figures 3.7 and

3.8) can be attributed to changes in current competency because of sudden

freshwater inflow from seasonal storms or fluctuations in tidal currents.

Cores contain numerous organic-rich pods, small pebbles, and shell fragments,

which were presumablyintroducedto the bay by such influx. A cross section

perpendicularto the channel in Pinole Shoal (Figure3.9) contains sand

deposits in the centralchannel,which become finer grained toward the charlel

boundaries;this is consistentwith the strongestcurrents being present in

the channel axis and a decrease irlcurrent competencyaway from the axis.

Cores from PinoleShoal containedfewer shell fragmentsthan both

CarquinezStrait and West Richmond sample areas, but exhibiteda higher per-

centage of organic-richmaterial, Most organic-richzones occur as isolated

pods composed of small branches,twigs, and rootlets of terrestrialorigin.

Core P XII.5 R penetratedan organic-richzone from 10 to 11.1 ft below mud-

line; the initial0.5 ft consistedof organicsoil grading into peat from 10.5

to the core bottom at 11.1ft. Becausethe peat layer was found in only one

core, the total thickne._sand lateralextent of the peat deposit cannot be

determined,althoughit may be presumedthat such a deposit accumulatedin a

marsh-type environmentduring periods of lower sea level. The age of the peat
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deposit is probably between 10,000;12,000 years B,P.; no discontinuities were
noted in the YBMunit, so it can be assumed that no other units were

penetrated.

Sediment colors ranged from dark olive gray to dark gray to black, with

no obvious pattern of distribution, Many of the cores displayed a color

change from very dark gray in the upper section to black in the lower section.

A total of 10 cores from Pinole Shoal exhibited noticeable odors. The upper

3 ft of sediment from Stations P VI L, P VII L, P IX.5 L, and P XlV C smelled

of petroleum products, while hydrogen sulfide odor was detected in the upper

3 ft at Stations P I C, P V R, P V C, P VII C, P X R, and P Xll B2. No trends

are obvious in these cores because of their widely distributed nature. Darke'r

soil colors are commonly associated with the sulfide odors and concentration

of organic matter, suggesting the presence of' a chemically reducing

environment.

3.2.3 C__E_quinezstr.z.B_!Lt.

Nine cores, ranging from 3.8 to 11.6 ft in 'length, were characterized for

the Carquinez Strait reach of John F. Baldwin Ship Channel The only unit

penetrated was the YBM. Figures 3.10 through 3.12 are cross sectional inter-

pretations based on geologic logs from these cores. Sediment movement through

Carquinez Strait is greatly affected by tidal currents; sediments are trans-

ported through the strait as bedload and suspended load to San Pablo Bay

(USACE1975a). Another depositional factor in Carquinez Strait is freshwater

inflow from winter storm runoff; freshwater inflow mixes with saline water in

the bay to create horizontal and vertical density-salinity currents. Because

these currents are density driven, they are most competent in transporting

sediments in tile deeper portions of the channels (USACE1975a). Central chan-

nel cores exhibit well to poorly graded sand lenses with a maximumparticle

size of medium sand, while channel margin core.,; are massive to thinly lami-

nated deposits of silt and clay. Such a pattern would be anticipated because

of higher current, velocities in the central channel axis relative to areas of

comparatively low energy located along the chalnnel edges. Silt and clay rip-

up clasts within a matrix oF poorly graded sand in cores from Station C II C

indicate currents are strong enough to scour and transport relatively undis-

turbed bottom sediments from the channel margins and redeposit them within the
3.16
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channel bottom. Petroleumodors were noted in the rip-up clasts as well as in

alternatingsand and clay layers in severalcores. Depth of the petroleum

odor varies from 0.5 to 4 ft below mudlineand is commonly associatedwith a

change in sedimentcolor.

Organic-richaccumulationswereLpresentin cores from StationsC II C,

CB 6 and CB 7; these accumulationsconsistedprimarily of small twigs and

rootlets presumablyintroducedduring storm runoff. Sedimentcolors ranged

from shades of olive gray to dark gr_y to black_with no distinct trends

throughout the sample area.

3.3 CHEMICAL ANALYSISOF SEDIMENTS

This sectionpresents the resultsof chemical analysesperformedon sedi-

ment samples from the John F. BaldwinShip Channel. Sedimentsampleswere

prepared from cores as described in Section2.2 and analyzedaccordingto the

methods in Section2.3. For each parameter,the qualitycontroldata are sum-

marized to establishacceptabilityof the resultsthat follow.

3.3.1 Grain Size and Total Orqanic Carbon) 0
3.3.1.1 Quality Control Su_mmma_m_

The QCdata for analysis of grain size and TOC is presented in Appen-

dix D_ Tables D.I and D.2. Grain size QC limitations have not been estab-

lished and standardized. However, the following evaluations are provided to

allow consideration of relative precision and accuracy of grain-size measure-

ments in a way that isLcomparableto the standardizedQC proceduresused in

chemical analyses. The grain size QC data show that the relativepercent

difference (RPD) betweencompositingduplicatesrelated to the grain size

samples ranged from 0 to 63%. Only the set of compositingduplicatesfrom

Station P XIII B2 2-7.5 did not comparewell (RPDs were above our provisional

limit of 25%). This is probably an expressionof compositeheterogeneity

rather than a measure of analyticalprecision,becausethe sampleswere not

from the same sample jar. Becausethe other six duplicateswere within our

provisionallimit, these data qualified as acceptable.

Quality controldata for TOC (AppendixD, Table D.I) show that the RPD

ranged from 2 to 96% for the seven compositingduplicates (two samples from
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one composite). Two stations had RPDs above 25% (60% for _R IV R and 96% forP IV.5 L). The low consistency of measurement may be related to the low TOC

values (< 0.5%) and sample heterogeneity resulting from the presence of wood

fiber material. This result should not indicate a cause for concern over

analytical precision, as the RPDdata presented at the end of Table D.I for

analytical duplicates (two aliquots from the same sample jar) show a range of

0-6.5%, well below the acceptable maximumof 25%. Analysis of SRMMESS-I

resulted in a value of 2.33% TOC, which "is within 5% of the values found for

this SRMduring other USACEstudies (Brown et al. 1989; Word et al. 199Oa,b).

3.3.1.2 Grain Size and TOCResults

Sediment grain size and TOC results are summarized in Table 3.2, while

the complete data set for grain size is presented in Appendix C, Table C.I.

Expressed as percent sand, sediment grain size was highly correlated to TOC in

the majority of samples from the John F. Baldwin Ship Channel (Figure 3,13).

This relationship breaks down in Carquinez Strait and at the northeastern end

of the Pinole Shoal at the junction between Carquinez Strait and San Pablo

Bay. Three samples from this area had a higher concentration of organic car-

bon for a given percent sand compared with the majority of samples. These

included Stations C II C 4-6.8, CB 6 0-6.5, and CB 7 0-3.1 (Figure 3.13).

, This difference in correlation may indicate that these three more eastern

Carquinez Strait samples had a different source of TOC than did the other

samples. The remaining !2 Carquinez Strait and eastern Pinole Shoal samples

did not exhibit a correlation between percent sand and TOC, as sediment

organic carbon levels were approximately 0.5%, while percent sand in these

samples ranged from 10 to 40%.

The TOC concentrations from John F. Baldwin Ship Channel (Table 3.2) were

compared with TOC in sediment from potential offshore disposal sites near

Point Reyes. The Point Reyes sediment had TOCconcentrations of 0.38 and

0.81% for coarse and fine sediments, respectively (Word et al. 1990b). Sedi-

ment from 9 of 11 West Richmond sites had TOCconcentrations within this

range. West Richmond TOCexceeded Point Reyes fine sediment TOC in the upper

6 ft at Stations WRV L and WRIV R, while no West Richmond TOC concentrations

were less than those observed in Point Reyes coarse sediment.

3.21
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_TABLE3.2. Total Organic Carbon and Grain Size Distributionof John F, 0
BaldwinShip ChannelSediments

TOC, % % % %
_Station, Section, ft %dry wt. Gravel San_ Sil____tt

Detection Limits (DL_

Target DL O.10 N/A N/A N/A N/A
Achieved DL 0.10 N/A N/A N/A N/A

West Richmond

WRvll c o-s o.s3 I o_ 16 Io5
wRviL o4(_) o.s_ o oo 18 22
WRV L 0-6 1.05 1 40 27 32
WRIV.5 C 0-4 0.76 1 47 26 26
WRIv.sc 4-8 o,Ts 2 61 21 16
,RIvR o-o 0.92 o 31 32 37
WR IV R 6-11.5(b) 0.40 I 67 17 15
WR Iii L 0-6.6 0.46 2 76 12 10
WR III C 0-6.4 0.44 2 72 13 13
WR II L 0-6.9 0.49 3 73 14 10
WR I R 0-5.1 0.65 I 49 25 25

Pinole Shoal

P I C 0-3 1.35 0 6 47 47
P II C 0-4.3 0.94 0 10 48 42
P III L 0-3 0.96 0 7 51 42
P IV R 0-8 0.81 0 34 37 29
P V L 0-8.4 0.97 0 15 42 43
P V C 0-8.7 0.95 0 13 48 39
P V R 0-5 0.80 0 25 37 38
P V R 5-i0.5 0.86 0 21 46 33
P VI L 0-5 0.94 0 18 34 48
P VI L 5-11.6 0.79 0 19 48 33
P VI C 0-9 0.41 0 67 19 14

= P VI R 0-5 0.55 I 54 20 25
P Vl R 5-11.7 0.67 0 37 35 28
P VII C 0-5 0.65 0 51 23 26
P Vll C 5-10.1 0.49 0 53 25 22
P VIII L 0-6.6 0.95 0 26 '31 43
P VIII L 6.6-,9.5 0.20 0 82 9 9

. P Vlll R 0--8 0.84 0 47 23 30
P VIII R 8-10.5 0.42 0 76 8 16
P VIII.5 C 0-3 6 0.22 0 87 7 6
P VIII.5 C 3.6-I0.4(b) 0.33 0 69 19 12
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0 _E 3.2. (contd)

TOC, % % % %
___ti_.!__ Secti on, ft_ _ _ S_d S____

P!nole__., contd

P IX C 0-5 0.27 0 79 II I0

_,x,_ 0o..6 0_, 0 ,, , ,
_x, o6 0_5 0 _6 ,

PX_L 0_, 0_ _ ,_ _ _
_x__ o_ 0_0 0 9_ , ,
P Xll B2 2-7.5(b) 0.57 0 16 41 43
P XII B2 7.5-12.5 0.36 0 63 20 17
P Xll BI 0-5 1.42 I 21 31 47

P XlI.5 R 0-5.3 0.55 0 14 36 50

0 PPXll.5RXIII L _3.6._( 1"I 0.41080. 01 5519 4025 4119
P XIII R 0-5 0.37 0 18 41 41
P XIII R 5-I0 0.48 0 16 42 42
P XIV C 0-4.5 0.71 0 55 21 24

CarQuinez Strait

CB I 0-6,_ 0.55 0 4 44 52
C I R 0-8_ D) 0.43 0 4 51 45
CB 4 A 0-3.8 0.71 0 39 28 33
CB 4 A 3.8-11.4 0.49 0 5 43 52
CB 5 0-4 0.43 0 36 30 34
CB 6 0-6.5 I. 44 4 61 22 13
CB 7 0-3. I 2.19 0 32 34 34
C II C 0-4 0.18 0 94 3 3
C II C 4-6.8 0.85 0 75 11 14
C II R 0.-2.4 0.42 0 16 42 42

(a) TOC value is the mean of two internal (analytical) laboratory
duplicates.

(b) TOC and grain-size values are the mean of two compositing duplicates.
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Q In the Pinole Shoal area of San Pablo Bay, TOC concentrationsweregreatestin the southwesternportion of the channu! (StationsP I through ..

P VI) where the concentrationsgenerallyexceeded the values in fine-grained

sedimentat Point Reyes. The concentrationsof TOC decreasedand were

generallyintermediatebetweencoarse- and fine-grainedPoint Reyes sediment

in the central portion (StationsP VI through P VIII) of the channel, The

compositesfrom StationsP VIII.5 to P Xl L had the lowest levels of TOC in

the PinoleShoal samplingarea and were all less than observed 'Inthe coarse-

grainedmaterial at PointReyes. The levels of organic carbon generally

increasedtoward the northeasternend of Pinole Shoal,where they were

intermediatebetween Point Reyes fine and coarse values except in one sample.

The TOC in the upper 5 ft at Station P XII BI exceededthe level in Point

Reyes fine sediment by approximately40%.

The TOC concentrationsin CarquinezStrait were less than the level of

those in Point Reyes fine sedimentexcept at StationsCB 6, CB 7, and the

lower (4- 6.8 ft) section of Station C II C, where 'they exceeded 0.8%. In

the upper 4 ft at Station C II C, TOCwas less than the observed value at the

coarse-grainedPoint Reyes referencesite.

3.3.2 Oil and Grea_seand petroleumHydt-oc_Lrl_ons_

3.3.2,1 Qual.itvcontrolSummar2

Quality controldata for both oil and grease and petroleum hydrocarbons

(PH) are presentedin Table D.3 in Appendix D. Qualitycontrol data include

method.blankresults,compositingduplicate results,analyticalduplicate

results,and the resultsof matrix spike analyses. The detection limit of

20 mg/kg (dry wt) was met for all samples.

Eight method blankswere analyzedfor oil and grease, Table D,3 presents

the resultsof these analyses. Oil and grease were measured above detection

limits in all blank analysesat concentrationsrangingfrom 2.6 to 15 mg/kg.

No method blanks were analyzedfor petroleumhydrocarbons.

Seven compositingduplicateswere analyzedto assess the efficiencyof

samplecompositing. Relativepercent differencesbetweenthe duplicates

rangedfrom 0 to 55.6% For oil and grease and from 0 to 90.3% for'PH. Five of

tile seven oil and grease duplicates agreed well (RPD < 25%), and six of the
3.25



seven PH duplicates agreed weil. Four samples were duplicated at the labora-

tory to assess analytical precision. "The RPDs ranged from 0 to 16,7% for oil

and grease duplicates and from 18.2 to 82.4% for PH duplicates. Overall, the

analytical precision was better for measurement of oil and grease compared

with measurement of PH.

To assess accuracy, matrix spike evaluations were performed on four

samples. Spike recoveries are presented at the end of 'Fable D,3, In all

cases, spike recoveries were within acceptable limits, and 'In almost all

samples were greater than 20%. Spike recoveries for sediment from Sta-

tion C I R (0-8 ft) were 43 and 50% for oil and grease and PH, respectively.

In each case, the measurements of accuracy and precision using RPDvalues that

were greater than 50% occurred in samples where the actual concentrations of

oil and grease of PH were relatively low and generally less than the desired

detection limit of 20 mg/kg. Therefore, the significance of these relatively

high RPDscarries less importance than if i_hey had also occurred at concen-

trations beyond target detection limits.

3.3.2.2 Oil and Grease and Pet_ro_Le_rocarbon Results

The resultsof oil and grease and petroleumhydrocarbonanalyses are

presentedin Table 3.3. Oil and grease concentrationsranged from 5.5 to

178 mg/kg, On the average, concentrationsfound in sedimentsfrom Pinole

Shoal were lower than concentrationsfound in sedimentfrom West Richmond.

High concentrationsof oil and grease in the method blanks indicatethat the

lower levelsmeasured (less than approximatel_15 mg/kg) are most likely

attributedto contaminationassociatedwith the method, Becausethese

concentrationswere less than our target detectionlimits,the significanceof

blank contaminationat these levels is minor.

The PH concentrationswere similarto, although somewhatlower than,

those measured for oil and grease. Concentrationsmeasured for PHs ranged

from 3.5 to 131 mg/g. The PH fractionis reported in Table 3.3 as a percent

of total oil and grease.

J
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]]_ELJF,___.,_,,Total 0'11 and Grease, Petroleum Hydrocarbons, andPetroleum Hydrocarbon Fraction of Total Oil and Cirease
in John F, Baldwin Ship Channel Sediment

Petroleum
Oil & Grease, Hydrocarbons, Petroleum

•_LEL_L_,_,_E2j._on,_J_.t..... _Jck l].Lq/_kgdr_v_w_t_.. .I:../'_a..c..LL_LII_._

West.__,RiclllllglL_
WRVII C 0-5,5 37 27 73
WR VI L 0-4 73 55 75
WR V L 0-6 79 74 94
WR IV,5C 0-4 82 70 85
WR IV.5C 4-8 18 16 89
WR IV R 0-6 167 112 67
WR IV R 6-Ii.5(a) 38 19 51
WR III L 0-6.6 61 11 18
WR III C 0-6.4 26 12 46
WR II L 0-6,9 20 5,8 29
WR I R 0-5,1 91 49 54

Pinole Shoal.

P I C 0-3 44 21 48
P II C 0-4,3 39 25 64
P III L 0-3 45 24 53

P IV R 0-8 34 22 65P V L 0-8.4 53 40 75
P V C 0-8.7 33 24 73
P V R 0-5 45 28 62
P V R 5-10,5 93 21 23
P Vl L 0-5 114 50 44
P VI L 5-11.6 41 24 59
P VI C 0-9 21 8,5 40
P Vl R 0-5 63 39 62
P Vl R 5-11.7 25 I! 44
P Vll C 0-5 98 32 33
P Vll C 5-10.1 48 12 25
P VIII L 0-6.6 136 65 48
P VIII L 6.6-9,5 17 6.7 39
P Vlll R 0-8 83 52 63
P VIII R 8-10.5 30 7.6 25
P VIII.5 C 0-3.6 41 13 32
P Vlll.5C 3.6-I0.4(a) 9,4 7 74
P IX C 0-.5 9.1 6 66

P IX C 5-I_ _ 8.5 8,6 101P IX.5 L 0 5, -_ 16 13 78
P IX.5L 5-I0.I 7.3 5,5 75
P XR 0-6 15 11 73
P X R 6-11,5 5.5 3.5 64
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TABLE..3,_'L_,' (contd) 0

Petroleum
Oil & Grease, Hydrocarbons, Petroleum

". . (. , o_.ation, S_,ntt.on _ft_ mq/kq,dry_w.t.._ mg/kq_£_y___ £II_,LU.QR_._

PJ_no!o..Shoa!, contd
P X.5 C 0-5 9.3 7 75
P X.5 C 5-11 12 7.6 63
P Xl L 0-3.5 17 13 76
P Xll R 0-8,5 19 9,1 48
P XII RR 0-9.2 45 33 73
P XII 52 0-2 17 15 88
P Xll B2 2-7.5(a) 76 28 37
P XII B2 7,5-12,5 23 14 61
P XII BI 0-5 178 131 74

P Xll BI 5-1}] 102 43 42P XII.5C 0 _,,a 15 8.7 58
P XII.5R 0-5.3 21 14 67
P XII,5 R 5,3-11.1 24 15 63
P XIII L 0-6(a) 18 14 75
P XIII R 0-5 7.3 I 14
P XIII R 5-10 10 10 100
P XlV C 0-4,5 62 38 61

cB1 o-o,6 61 3_ 52
c IR o.8_) 15 12 86
cB4A o-3,8 111 s9 s3
CB 4 A 3.8-11.4 31 20 65
cB5 0-4 33 23 '1o
cBo o-65 16 Is 11_
cB;, o-3.1 ,_,_ 6z oo
c_ c o-4 9,1 14 154
c ii c 4-6.s _s . _2 9s

(a) Reportedconcentrationis themean' concentrationof the
compositingduplicates.
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0 3,3,3 _._._
3,3.3.] _.ua]itv_Contro1_SumIl_arv

Quality cnntroldata for metals analyses are containedin AppendixD_

Tables D.4 and D,5. Achieved DLs are compared with the target DL in

Table 3.4. The DL for metals measured by atomic absorption(Ag, Cd, Co, Hg,

and TI)was calculatedas three times the standarddeviation (sd) of the blank

value.,;.For the Bight metals measured by XRF, DLs were calculatedas twice

the sd of backgroundlevels in a geologicalmatrix. Tilebackgroundlevels

were obtainedby processingSiO2 and CaCO3 samplesunder the same conditions

as the test samples. AlthoughtargetDLs were not alwaysmet, the achieved

DLs were reasonablefor tilemethods, and the analyteswere usually Presentin

far greater quantitythan the achievedDL (Al, Co, and Ct). One exceptionwas

Tl, which was undetectedin nine samples at f'ourtimes the target DL. Another
L

was Se, with many samplesbelow detectionat an achievedDL approximately

eight times the target DL.

The method blanks associatedwith samplesanalyzedby atomic absorption

(Ag, Cd, Co, Hg, TI) were clean with the exceptionof the presence of Ag and
Hg in some method blanks. TileAg occurred in one blank at the detectionlimit

of 0.03 mg/kg dry wt. The Hg was present in blanks at concentrationsof

0.20 mg/kg, because of the presenceof Hg in the boric acid used during the

sample processing (E. Crecelius,personal communication1990). The Hg

occurred in all blanks with little variationin concentration(sd _ 0.01), and

was correctedfor when measuringHg in samples. Furtherjustificationfor Fig

blank compensationis provided by the accuratemeasurementsof Hg in SRMs 1646

and MESS-i.

The results of analysisof SRMs 1646 and MESS-I showed ti,atactual values

were generallywithin specifiedranges except for Al, Ct, and Ni, which were

in most cases 5-15% higher than certifiedvalues (AppendixD, Table Do4).

This differencecan probablybe attributedto the XRF techniqueused to

analyzethe samples,while the SRM certificationwas peFformedby a variety of

techniquesthat did not always includeXRF. The XRF technique is able to

• detect more of the matrix metal contribution than analysis requiring sediment

digestion.
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Matrix spike recoverieswere determinedfor three metals,Ag, Co, and TI,in seven sediment samples to determinethe accuracyof atomic absorption

analyses (AppendixD, Table D.5). Only two matrix spike recoverieswere out-

side QC limitsof 75-125%; in Stationc I R, 44% of the Ag spike was recov-

ered, andin CB 4A, 71% of the Tl spike was recovered. Becauseall other

spike recoveriesfor 'thosemetalswere acceptable,these low recoveries

probably indicate sample matrix interferencesrather than analytical inaccu-

racy, Overall, QC analysis indicatesthat the metalsdata are acceptable.

3.3.3.2 Metals Results

Thirteenmetals were measured in John F. BaldwinShip Channel sediments.

The resultingconcentrationsare reported in Table 3.4 and in Appendix C,

Table C.3, Because all these metals occur naturallyin sediments,we have

comparedtheir measured concentrationsto a typicalshale sediment (Krauskopf

1967) and, where data are available,to concentrationsmeasured at two poten-

tial offshoredisposal sites near Point Reyes (Word et al. 1988, 199Oa,b).

Proportionsof John F. Baldwinsampleconcentrationsrelativeto shale sedi-

ment, Point Reyes coarse-grainedsediment,and Point Reyes fine-grainedsedi-

ment are tabulated in Appendix C, Tables C.4 throughC.6.

Silver concentrationsvaried by a factor of ten-fold,from 0.04 to

0.36 mg/kg dry wt in tile65 John F. BaldwinShip Channelsamples (Table3.4,

Figure3.14). Nearly all sampleshad Ag concentrationsexceeding the Point

Reyes sedimentlevel of 0.04 mg/kg,while 24 samplesshowedconcentrations

greater than the averageof 0.10 mg/kg for Ag in shale sediment (Krauskopf

1967). Two samples had Ag concentrationsat least threetimes higher than

typical shale values, one in West Richmond (WR IV R) and one in Carquinez

Strait (C I R, rep I). These valuesare approximatelyequal to the maximum

levels seen in Richmond Harbor (Brownet al. 1989),but are only one third of

the maximumlevels observed in OaklandHarbor (Word et al. 1990b). The

CarquinezStrait sample was one of two compositingduplicates;the second

sample from the same compositehad a concentrationof 0.13 mg/kg, showingthat

distributionof Ag is heterogeneousin the sediment. Nine other stations,two

in West Richmond,five in PinoleShoal, and two in CarquinezStrait, had Ag

concentrationsthat were greaterthan two- but less than three-foldthe levels

in typical shale soils.

v _i..i.i
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Code 'St,m+,ion S_+,ion o.4 - -,m

Wes_ Richmond A
1 WR VII C 0-5.5 _
2 WRVI L 0-4 o,)
3 |RVL 0-6
4 WRIV,5 C 0-4

S WR IV.5C 4-8 _-
B WR IV R 0-B
7 WR IVR 6-11.S
7 WRIV R 6-11,5 --. o.z _
8 WR IIIL 0,6,6
g IrRIII C ' 0-8.4
i0 lR II L 0-6.9
11 WR I R '0-5.1

Pinole Shoal n,I sm

12 P I C 0-3 ' ,re
13 P II C 0-4,3 P.c
14 P IIIL 0-3
15 P IV R 0-8 o
IB P V L I).8.4 i 6 1o is ,2o _ 3o )_ )s 4_ 4_ st 59 64 69
17 P V C 0-8.7 STAI_nN._
16 P V R O_6
19 P V R 5-i0.6
20 P VI L 0-5
21 P VI L 5-11,8
22 P VI C 0-9 ....
23 P VI R 0-5 20
24 P VI R 6-11.7
25 P VII C O-B
28 P VII C B-IO.X
27 P VIIIL 0-0.8 _ 1.5
28 P VIIIL 8.8-Q.5

29 P VIIIR 0-8 "_aO P VIIIR 8-10,5
31 P VIII.5C 0-3,8

32 P VIII.5C 3,8-10,4 _ Io
32 P VIII.5C 3,B-10.4 ,me

P IX C 0-6 ,mc
34 P,IX C 5-11.8 sm
35 P iX.5L 0-5 s
36 P IX,SL 0-5
30 P IX.5 L 6-10.1
37 P X R 0-6 ,
_8 P X R B-ll.5
39 P X.5C 0-5 o
40 P X,5 C 5-11 i 6 to ts 2o z_ 3o 34 )e 43 47 51 59 64 69F_rAIlON,_
41 P XI L 0-.3,5

' 42 P XllR 0-8,5 z
43 P XlIRR 0-9,2
44 p XII B2 0-2
_5 P XII B2 2-7,5 ,tc
48 P XII B2 2-7,5
48 P XIIB2 7.5-12.5 1.S
47 P XII B1 0-@ ,
_8 P XII Bl 5-11.1
45) P XII.SC 0-8
49 P XII.SC 0..6 o
50 P XII,5R O-_.3
51 P XII.5R 5.3-11.1 =_ 1
52 P XIIIL 0-8
52 P XIIIL O-a
53 P XIIIR 0-@
54 P XIIIR 5..I0 .mt
59 PXIVC 0-,.5 O.S B_'

Carquinez Sbrait ___*--_C'-g m . __j s,

80 CB 1 0-8.8
61 C I R o-a
81 C I R 0-8 o

YrA'n(ms
04 CB 4 A 3.8-11.4
_5 CB S 0-4
_ cB_ o-_s FIGURE 3.14. Concentrationsof Silver, Arsenic,
a7 CB7 0..3.,_ and Cadmium lin John F. Baldwin
_8 C II C l 0-4

Soil Concen-_ czzc ,-_,_ bampmestb_=bna_e
:o :zzR o-2.4 tration; PRC=PointReyes Coarse

S,_,dimentConcentration; PRF=Point 0_._yes Fine Sediment Concentrati ,,_,)
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Arsenic concentrationsin sediment from the John F. Baldwin Ship Channel

varied,from 8.1 to 21.4 mg/kg dry wt (Table3.4). For comparison,As concen-

trations in the fine- and coarse-grainedsedimentnear Point Reyes are

approximately7 mg/kg, and the average worldwideshale sedimentconcentration

is 6.6 mg/kg (Table3.4). All John F. BaldwinShip Channel samplesexceeded

the averageworldwideshale concentrationby at least 20%, while Point Reyes

concentrationswere exceededby 15 to 300%. This comparison is shown

graphicallyin Figure 3.14. The consistentlyelevated As concentrationin San

FranciscoBay and its offshore areas indicatesnatural sources for elevatedAs

levels. The source of the elevated As levelsmay be associatedwith the

freshwater inflow from the San Joaquin, Napa, and Sacramento rivers. This

supposition is based on the observation that As concentrations were more

consistently elevated (twice or more greater than Point Reyes) in samples from

this area than in samples from West Richmond and western Pinole Shoal.

Cadmiumconcentrations in the John F. Baldwin Ship Channel area ranged

from 0.08 to 0.57 mg/kg dry wt (Table 3.4). In comparison, Cd concentrations

at the Point Reyes reference sites were much higher, ranging from 1.0 to

1.7 mg/kg dry wt, which is approximatelythree to six times the averageworld-
wide concentrationof 0.3 mg/kg dry wt found in shale sediment (Krauskopf

1967). Nine John F. BaldwinShip Channel sampleshad Cd concentrationsthat

exceededthe average shale concentration,but no samples had levels higher

than those observed at the Point Reyes referencesites (Figure3.14). One

stationthat exceededthe average shale concentrationwas from the West

Richmondarea (WR V L), five were from PinoleShoal (P VI L, P VIII L,

P VIII R, P Xll BI, and P XlV C), and three from the Carquinez Straitarea

(CB 6, CB 7, and C II C). For the John F. BaldwinShip Channel study area,

the concentrationof Cd in the sediment appearedto be significantlycorre-

lated to the concentrationof TOC (Figure3.15).

Aluminum concentrationsin the John F. BaldwinShip Channel varied from

slightlyless than 6% to slightly more than 11% dry wt (Table 3.4), bracketing

the average shale soil concentrationof 8% (Krauskopf1967)as shown in Fig-

ure 3.16. Al levels in 27 samplesexceeded the shale soil concentration. One

station (C II R) had 40% more Al than normallyseen in typical shale samples.

Five other stationshad 30% more Al than the average shale sediment. Two of
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these stationswere located in CarquinezStrait (CB I and C I R) and three atthe northeasternend of Pinole Shoal (P XII.5 R, P XIII L, and P XIII L).

Aluminum was not measured in Point Reyes reference sedimentduring the studies

of Word et al. (1988, 199Oa,b),so Al concentrationsin John F. Baldwin

sedimentcould not be compared with those of Point Reyes sediment.

Cobalt concentrationsin the John F.Baldwin Ship Channelarearanged

from10.7 to 22.9 mg/kg dry wt (Table3_4). Cobalt concentrationsin sediment

from the Point Reyes referenceareas have not been measured,but typical dry

weight concentrationsof Co in shale sediment averaged 20 mg/kg (Krauskopf

1967). Only eight sampling sites had concentrationsof Co greaterthan the

average shale content (Figure3.16), with none exceedingthe averageby more

than 15%. Cobalt concentrationsdo not appear to be differentthan natural

levels observedin typical shale sediment.

Chromiumconcentrationsin sedimentfrom the John F. Baldwin Ship Channel

ranged from 164 to 561 mg/kg dry wt and are thus all higher than the typical

value of 100 mg/kg dry wt in shale sediment (Krauskopf1967) (Table3.3).

Chromiumvalues at the Point Reyes referencesites (315-341mg/kg)were more

than three times greater than the shale soil average, possibly indicatinga

natural source for Cr in the San FranciscoBay and offshoreareas. Although

most samplesexceededCr levels in RichmondHarbor sediments(Brownet al.

1989), they did not approachthe much higher levels found in Oakland Harbor's

turning basin (Wordet al. 1990b). Nine samples exceededthe cr in Point

Reyes coarse sediment (Figures3.17). Only five of those exceeded the concen-

tration of Cr at the Point Reyes fine-grainedreferencesite (Figure3.17).

One of these stations is in the West Richmond reach (WR I R), while the

remainingfour are in the Pinole Shoal reach (P X R, P Xll B2, P Xll BI, and

P XII.5 R).

The John F. BaldwinShip Channel sedimentcopper concentrationsranged

from 17.6 to 77.7 mg/kg dry wt (Table3.4), a 4.4-fold variation. All these

concentrationswere higher than the range of Cu (10 12 mg/kg) at the Point

Reyes referencestations,while only 12 were higher than the 57 mg/kg that is

seen in typicalshale sediment (Krauskopf1967). Of these 12, 7 sampleswere

from the Pinole Shoal area, and 5 were from Carquinez Strait (Figure3.17).
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Code St,at,ion _ct, ia.._n

h=i, Richmond

I WR VII C O-S,@ I
2 WRVI L 0-4
3 WRV L 0-8
4 WR IV,5C 0-4
5 WR IV,5C 4-8
6 WR IV R 0-8 I_
7 WR IV R 8-11,5
7 ifRIV R 8-11,5
8 WR IIIL 0-0,8 lo ........
g WR IIIC 0-8,4
I0 WR II L, O-8,g i
ii IRl, o.5{ I
Pinole Shoal _ 8 i-,$m

i

12 P I C 0-3
13 P II C 0-4,3 6 -
14 P IIIL 0-3
15 P IV R 0-8
18 P V L 0-8,4
17 P V C 0-8,7 4
18 P V R 0-6
19Pv, @-10,s
20Pv,c. o-G _ I
21 P VI L @-Ii," ( I

22 P VI C 0-923 P Vl R 0-6
24 P VI R 5-11,7 o ...... _..j
25 P YllC 0-6 l 6 to [5 ZO _ }0 34 _a 4:3 47 Sl S9 64 6V
2B P VII C 5-10.1 5"I'A'IIONS
27 P VIIIL 0-0,8
28 P VIIIL 6,6-9.5
2g P VIIIR 0-8
30 P VIIIR 8-1O,B
31 P VIII.5C 0-3,6
32 P VIll.BC 3,8-10,4
32 P VIII,5C 3,8-10,4 ZS
33 P IX C O-B
34 P IX C @-11.8
35 P IX,5 L 0-5
3B P IX,6L 0-6
38 P IX,5 L 5-10,1 zo ..,_ a _ --,_m
37 P X R O-B
38 P X R 6-11.6l

3g P X,5 C 0-6
40 P X,5 C &-11 _ IS ....
41 P XI L O-3,B
42 P XII R 0-8,5
43 _ XII RR 0-9,2,
_z _ XII B2 O-2

4@ P XII B2 2-7,S 8 to
46 P XII B2 2-7 S
48 P XII B2 7.5-12,S
47 P XII BI O-S
48 P XII BI S-LI.I 5
49 P XII.SC O-B
4Q P XII,5C 0-8
SO P XII,5R 0-5.3

51 P Xll.SR 5.3-I_,I o
52 P XIII L 0-8 t 6 I0 15 20 23 .10 34 J8 43 47 51 59 64 69

S2 P XlIIL 0-8 F;rA'IION._
S3 P XIIIR 0-5
54 P XIIIR 5-i0
SQ P XIV C 0-4.

Caa_ju inez Sbr_iZ

80 CD I 0-8,8
81CZR 0-8 FIGURE 3.16, Concentrationsof A1uminunland
81CZR 0-8 Cobalt in John F. Baldwin Samples
83CB4A 0-_,8 to_ J,,,_=_a_e Soil _, u _, u,;_onc_rl_ra_Jon" PRC:
85cBs 0-4 Point Reyes Coarse Sediment
88 CB 8 0-8,,5
87 CB7 o-3,_ Concentration; PRF=Point Reyes Fine
_8 cIic o-4 Sediment Concentration)_g C II C 4-8 8
_o C II R 0-2 4

0
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Code Bf,at, ion _cf, ion _oo ----------'--- ,..... ,,..,.,

We.t, RI_h.ond

1 WRVII,C 0-6,6 Soo2 WRVI L 0.4
a WRV L O-e
4 WRIV,5 C 0-4
6 WR IV l{C 4.,8 ,_, ,W

6 WR IV R 0-O _ e,e7 WRIV R 6-L1,6 _c
7 WRIV R 5-11,6 _x,
8 WF(III L 0-8,8

WR111C D-84
lO lfR H L O-6,g
11 WRI R 0-6,1 ,t_

Pinol..,eShoal

12 P I C 0-3 {oo **
13 P II C 0-4,1
1} P III L D-5

16 P IV R 0-8 o - --
16 P V L 0-8.4 I 6 ,to ts zo Ls _o J4 )8 ._3 .t7 {i $_ 04 oy
17 P Y C 0-8,7 _-r,vrloNs
18 P V R 0-6 oo
ig P Y R 6-10,6

i 20 P Vl L 0-6 '
21 P YI L 6-11,8 en
22 P YI C O-g
23 P VI R 0..6
24 P VI R 6-11,7 7o
26 P VI,I C 0-6
26 P VII C 6-10,1 _ - -
27 P VIIIL 0-8,8 6' -'"

28 P VIIIL 6,B-g.6 _
2g P VIIIR 0,,8 _ so30 P VIIIR 8-i0,6 t_

3! P VIII,6C 0-3,8 _ 4o - .....

32 P VIII,BC 5,6-10,4

i

32 P YlII.6C ._,5-10.4
33 P IX C 0-6 _o -- '
34 P IX C S-II,8 l

36 P IX,6L 0-6 ZO

86 P IX,6L 0-6
38 P IX,6L 6-IQ,1 --'"
37 P X R 0-6 lo =',,
,JO P X R 6-11,6
3g P X,5 C 0-5 o ....
40 P X,B C 6-11 t lO IS 20 _ _0 .14 38 4) 47 Sl $9 64 69

41 P XI L O-;'J,6 STAI"IONS
42 P XII R 0-8,Z;
43 P Xll RR 0-9,2
_ P XI'I62 0-2
46 P XII 82 2-7,5
46 P XlIB2 2-7,S --,,b
48 P XII 82 7,5,.L2,1 0.4
47 P XlI 81 0 "Is
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The John F. BaldwinShip Channelstations showed a high variation in Fig

concentrations,which ranged from 0,02 to O,4B mg/kg dry wt (Table 3,4). Many

of the John F. BaldwinShip Channelsamples (30 of 65) had Figconcentrations

that were lower 'thanthe observedrange of 0.07 to 0,09 mg/kg at the Point

Reyes referencesites, However,half of these, or IB samples,representthe

deeper sediments(lower sectionof core) from the samplingsites, showingthat

surfacesedimentsfrom 15 of the 48 stations had very low levels of Hg, in

contrast,the average shale soil Hg concentrationwas 0,4 mg/kg, approxi-

mately five times higher than that of the PointReyes referencesediment

levels, All but three John F. Baldwinstations (in CarquinezStrait, Sta-

tions CB I, CB 6, and C II R) had Hg concentrationsless than the average

shale concentration(Figure3.].7).Although the highestconcentrationof Hg

in sedimentof the John F. BaldwinShip Channelwas only 13% higher than the

averageshale content of Hg, the biologicalavailabilityof this metal is

unknown,especially in variable estuarineconditionssuch as those in San

FranciscoBay.

Nickel concentrationsin sedimentfrom the John F. BaldwinShip Channel

ranged from 68 to 146 mg/kg dry wt (Table 3.4). All exceededthe observed B

range of 42-51 ing/kgNi observed at the Point Reyes referencesites by Word

et al. (1988, 199Oa,b)as shown in Figure 3.18. Many stationsalso equaled or

exceededthe average shale concentrationof 95 mg/kg Ni (Krauskopf1967),

However,John F, Baldwin Ship ChannelNi concentrationsare similarto or

lower than those measured in other parts of San FranciscoBay (Brown et al.

1989; Word et al. 1988, 199Oa,b).

Lead concentrationsin sedimentfrom tileJohn F. BaldwinShip Channel

showedwide variation, rar_gingfrom 5.6 to 61.9 mg/kg dry wt (Table 3,4).

Most of these sedimentsexceededthe 7.5 to 7.7 mg/kg range 'ForPb concentra-

tions in the Point Reyes referencesites (Figure3,18), Thirteen samples had

Pb concentrationsexceedingthe averageshalesoil concentrationof 20 mg/kg

(Krauskopf1967), 'Fourstations in West Richmond,four in Pinole Shoal, and

five in CarquinezStrait. The highestPb concentration(61.9 mg/kg)was found

at StationP XlV C, locatedat the mouth of CarquinezStrait.

Seleniumwas detected in only nine John F. BaldwinShip Channel sediment

. samples_at levels between0.42 and 1.02 mg/kg dry wt (Table3.4). In all
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cases the analytical detection limit for Se (0.41 to 0,89 mg/kg) exceeded the

measured concentrations for Point Reyes sediments (0,31 to 0,34 mg/kg), In

32 samples, the detection limit exc'eeded the average shale soil Se concentra-

tion of 0.60 mg/kg; however, all John F, Baldwin Ship Channel detected ievels

were similar to those found in Richmond and Oakland harbors (Brown et al,

1989; Word et al. 1988, 199Oa,b). Because th_se detection limit_ only tell

the maximt!mpossible concentration, and not the actual concentration, it is

not possible to truly conlpace most John F. Baldwin Ship Channel sediment Se

levels with Point Reyes or shale reference sediments. Figure 3.18 compares

the Se detection limit with the reference sediments even if Se was not

detected,

Thallium concentrations in sediment from the John F. Baldwin Ship Channel

ranged from 0.31 to 0.77 mg/kg dry wt (Table 3,4), Thallium was below deter-

tion (0.42 mg/kg) "In nine samples. Ali but eight of the samples had concen-

trations of T1 that exceeded the range of 0.34 to 0.44 mg/kg measured in the

Point Reyes reference sites (Figure 3.19), but none exceeded the average shale

sediment concentration of 1.0 mg/kg (Krauskopf 1967).

Zinc concentrations in sediment from the John F. Baldwin Ship Channel

ranged from 68.3 to 162.3 mg/kg dry wt (Table 3.4). Ali stations had con-

centrations of Zn that exceeded the range of 36 to 55 mg/kg measured at Point

Reyes reference sites (Figure 3.19), and all but 17 exceeded the average shale

content of 80 mg/kg (Krauskopf 1967), Zinc concentrations in John F. Baldwin

Ship Channel samples were 30% or more above average shale concentrations and

were distributed through all reaches of the channel. MaximumZn concentra-

tions ill John F. Baldwin Ship Channel sediments equaled maximumlevels in

' Richmond Harbor (Brown et al, 1989), but were much lower than Zn concentra-

tions measured in Oakland Harbor (Word et al. 1988, 199Oa,b).

3.3.4 _BILt_V]t _In_.

3.3,4. i Ouality_.c_p_Et_c1

Butyltin quality control results are summarized in Appendix D, Table D.6.

The target detection limit of 0.01 mg/kg (10 _g/kg) was met for all butyltins,

including tetra-, tri-, di-, and monobutyltin species, with actual detection

limits generally at or below 1.0 #g/kg. 'The propyl tin surrogate recovery in

0
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the sedimentsamplesranged from 31 to I_B%, with most recoveriesin the 50 to

70% range, Method blank data showed littleor no butyltin contaminationin

four of the five blanks analyzed,with propyl tin surrogaterecoveriesranging

from 53 to 113%. Blank surrogaterecoverieswere within the target range of

40 to 120%. Blank contaminationin tilefifth blank was less than one third

the target detectionlimit, and shouldbe acceptablefor quantifyingbutyltins

at less than 10 /_g/kgdry wt. Matrix spike recoverieswere 52 to 99% for

tributyltin,43 to 89% for dibutyltin,and 23 to 82% for monobutyltin. Mono-

buty'Itinspikesgenerally have lower recovery than other butyltinspecies;

only two monobutYltin recoveries fell below the target recovery range of 40 to

120%,

Analysis of the NRCCSRMPACS-I yielded a result of 617 _g/kg tributyltin

(IBT) with a 52%propyl tin recovery. Tlle NRCCPACS-I certified value of

1,27 ± 0.22 mg/kg TBT was obtained after correcting for surrogate recovery.

Correcting our measured value for surrogate recovery resulted in 1.19 mg/kg

TBT. This is well within the r_nge of acceptable values for PACS-I and con-

firms the accuracy of the measurements made for the John F. Baldwin program.

Analysis of NOAA referencesedimentSQ-Iyielded a similarresult (58 _g/kg

TBT) to the averageTBT in 20 recent analysesby MSL (57.2 #g/kg; sd : 20).

Analysis of compositingduplicatesof seven sediment samplesresulted in RPDs

ranging from 49 to 101% for tributyltin,3,5to 199% for dibutyltin,and 39 to

43% for monobutyltin. Most of these RPDs are outsideour target value of

_25%. This is probably because the butyltins in these samples were near or

below the detection limit. The results of these quality control analyses
i

indicate that the butyltin data are acceptable, although care should be taken

when interpreting the monobutyltln data because of low recoveries in some of

the matrix spike samples,

3.3,4.2 B__u_t.yltinResqlts

Results of butyltin analyses of John F. Baldwin Ship Channel sediment

samples are presented in Table 3.5 and in Appendix C, Table C.7. Individual

species (mono.,_,di-, and tributyltin) concentrations and a calculated total

concentration are reported. These concentrations are shown graphically in

Figure 3.20. Dry weight concentrations for monobutyltin ranged from unde-

tected to 4.1 _g/kg, for dibutyltin from undetected to 15 _g/kg, and for

3.44



TABLE 3.5. Butyltinsin John F. BaldwinShip Channel Sediments(< = not detected above given detectionlimit;
N/A : not applicable)

Propyl Tin __tin Species,_/kq
Station_ Section_ft Recovery,% Tri- Di- Mono- Total

DetectionLimits

Target DL N/A 10 10 10 N/A
Lowest achievedDL N/A 0.40 0.41 0.42 N/A
Maximum achievedDL N/A 0.80 0.83 2.3 N/A

West Richmond

WR VII C 0-5.5 36 1.8 15 1.2 18
WR VI L 0-4 56 0.82 7.1 1.6 9.5
WR V L 0-6 43 7.3 12 <2.3 19.3
WR IV.5 C 0-4 48 <0.74 2.1 <0.76 2.1
WR IV.5 C 4-8 36 <0.62 0.74 <0.63 0.74
WR IV R 0-6 82 2.3 5.1 <2.0 7.4
WR IV R ' 6-11.5 rep I 45 0.81 <0.55 <0.56 0.81
WR IV R 6-11.5 rep 2 63 0.49 0.97 <0.46 1.46
WR III L 0-6.6 45 0.53 <0.55 <0.56 0.53

I

j WR III C 0-6.4 45 <0.56 0.71 <0°57 0.71
WR II L 0-6.9 51 <0.49 <0.50 <0.50 N/A
WR I R 0-5oi 45 2.1 7.9 3_0 13.0

i

Pinole Shoal

P I C 0-3 54 0.83 <0.72 <0.73 0.83
P II C 0-4.3 31 I 3.5 1.1 5.6
P III L 0-3 38 0.74 0.68 <0.69 1.42
P IV R 0-8 68 0.96 1.3 1.0 3.3
P V L 0-8.4 39 0.93 1.7 0.83 3.5
P V C 0-8.7 57 <0.80 <0.83 <0.84 N/A
P V R 0-5 63 <0.63 0.66 <0.41 0.66
P V R 5-10.5 58 <0.66 <0.68 <0.70 N/A
P VI L 0-5 55 0.71 <0.67 <0.68 0.71
P VI L 5-II.6 42 0.63 3.2 <0.66 4.5
P VI C 0-9 49 0.81 1.7 0.81 3.3
P VI R 0-5 53 1.6 1.2 0°69 3.5
P VI R 5-11.7 97 2.7 4.5 1.5 8.7
P VII C 0-5 39 0.63 2.5 0.68 3.8
P VII C 5-10.1 83 2.6 6.5 0.97 10.1
P Vlll L 0-6.6 68 4.0 0.71 2.4 7.1
P VIII L 6.6-9.5 53 <0.40 <0.41 <0.42 N/A
P VIII R 0-8 70 3.9 2.1 1.9 7.9
P VIII R 8-10.5 52 <0.54 1.5 0.57 1.5
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TABLE 3.___55.(contd) '

Propyl Tin ButvltinSpecies, _/kq
Station, Section, ft Recovery,% Tri- Di- Mono- Total

Pinole Shoal (contdl

P VIII.5 C 0'3.6 46 2.1 0.74 <0.47 2.8
P VIII.5 C 3.6-10.4 rep I 58 <0.49 0.57 <0.52 0.57
P VIII.5 C 3.6-10.4 rep 2 54 <0.59 1.1 <0.62 1.1
P IX C 0-5 47 <0.50 <0.51 <0.52 N/A
P IX C 5-11.8 48 <0.46 <0.47 <0.48 N/A
P IX.5 L 0-5 rep I 53 <0.48 <0.48 <0.49 N/A
P IX,5 L 0-5 rep 2 71 0.55 0.56 0.47 1.58
P IX.5 L 5-I0.I 63 058 0.72 <0.49 1.3
P X R 0-6 80 2.0 2.8 1.2 6.0
P X R •6-115 42 0.48 <0.47' <0.48 0.48
P X.5 C 0-5 43 0.53 0.57 <0.50 1.10
P X.5 C 5-11 43 0.48 <0.47 <0,48 0.48
P XI L 0-3.5 63 <0.59 <0:58 <0.60 N/A
P Xll R 0-8.5 31 <0.62 <062 <0.64 N/A
P Xll RR 0-9.2 125 3.7 1.7 1.3 6.7
P XII B2 0-2 46 1.5 1.3 <0.92 2.8
P XII B2 2-7.5 rep I 45 0.89 1.0 2.0 3.9
P XII B2 2-7.5 rep 2 79 2.7 11 3.1 17.0
P XII B2 7.5-12.5 69 0.75 3.1 0.95 4.8
P Xll BI 0-5 66 2.1 5 2.4 9.5
P XII BI 5-11.1 46 0.89 3.1 <0.58 4.0
P XII.5 C 0-6 rep I 42 0.67 1.4 0.88 2.9
P XII.5 C 0-6 rep 2 60 0.87 <0.77 <0.59 0.87
P XII.5 R 0-5.3 22 2.5 0.88 0.78 4.2
F XII.5 R 5.3-11.1 92 3.0 <0.69 1.0 4.0
P XIII L 0-6 rep I 36 3.1 6.5 1.5 11.1
P XIII L 0-6 rep 2 43 <0.57 1.3 0.74 2.0
P Xl/.IR O-t_ 72 2.1 1.9 <0.67 40
P XIII R 5-10 45 1.5 1.2 0.66 3.4
P XlV C 0-4.5 45 <0.59 0.59 0.71 1,30

CarquinezStrait

CB i 0-6.6 81 2.5 2.1 1.3 5.9
C I R 0-8 rep I 41 1.7 2.6 0.74 5.0
C I R 0-8 rep 2 64 2.9 1.8 1.1 58
CB 4 A 0-3.8 37 6.1 12 3.3 21
CB 4 A 3.8-11.4 37 0.57 15 <0.55 2.1
CB 5 0-4 42 0.57 1.4 <0;56 2.0
CB 6 0-6.5 86 2.8 3.5 1.1 7.4

" CB 7 0-3.1_ 33 29 3.5 4.1 37
C II C 0-4 39 <0.51 1.3 <0.52 1.3
C II C 4-6.8 40 <0.61 5.8 1.0 6.8
C II R 0-2.4 40 1.2 1.3 0.97 3.5

A
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tributyltinfrom undetectedto 29 _g/kg. Four of the West Richmondstations I

had total butyltinconcentrationsthat were <I _g/kg dry wt, four others that

were >I, but <10 l_g/kgdry wt, and three that were >10 _g/kg, with the

greatest concentrationbeing 19.3 pg/kg dry wt. In all cases, the concen-

trations of dibutyltinwere greaterthan either tri- or monobutyltin,indi-

cating tributyltinweathering or potentiallyan additionalsource of plastic

contamination.

In the PinoleShoal area, the concentrationsof total butyltinranged

from undetectedto 21.4 #g/kg, with 16 stations having <I _g/kg, 31 others

that were >i, but <10 pg/kg, and 3 others that were >10 pg/kg. Again,

sediment at all but 10 stations had dibutyltinconcentrationsthat were

greater than tri- or monobutyltinconcentrations,indicatingtributyltin

weathering or low-levelplastic contamination. The 10 stationsthat had

higher concentrationsof tributyltinincludedP VI R, P VIII L, P VIII R,

P VIII.5 C, P Xll RR, P Xll B2, P XII.5 R, P XII.5 R, P XIII R (0-5),and

P XIII R (5-10).

All stationsin the CarquinezStrait had measurableconcentrationsof

total butyltin that ranged from 1.3 to 37 /_g/kg. Nine of 'the 11 stations had

total butyltin concentrations that were >I, but <I0 #g/kg, while the remaining

two had concentrations >10 #g/kg. Again, the majority of stations (9 of 12)

= had dibutyltin concentrations that exceeded the concentration of tri- or mono-

butyltin. The remaining three stations (CB I, C I R, and CB 7) had higher

concentrations of tributyltin than either mono- or dibutyltin. Where dibutyl-

tin is higher, it probably indicates weathering of tributyltins or low-level

plastic contamination. Where tributyltin is higher, an unweathered source of

tributyltin is present.

3.3.5 Semivolatile Organic Compounds

3.3.5.1 __ualit.yControl Sqmmary,

The semivolatileorganic compoundsmeasured in John F. BaldwinShip

Channelsedimentswere the 16 PAHs listed in EPA Method 610. Quality control

data for PAH analysis are containedin Appendix D, Tables D.7 and D.8. The

target detectionlimit of 20.0 _g/kg was met for all compounds. Recoveriesof

the base/neutralsurrogatecompoundswere within the acceptablelimits for all
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three compounds in all samples (AppendixD, Table D.7), with only one excep-tion; in StationP VI R 0-5, 2-fluorobiphenylrecovery was 29%, just below the

30-115% QC acceptancerange. The samplewas not reextractedas the other

surrogaterecoverieswere acceptable.

Nine method blankswere analyzed;the results,summarized in Appendix D,

Table D.8 show that all compoundswere undetectedin the blanks. Seven

sampleswere duplicatedto assess analyticalprecision;only one set of dupli-

cates (StationWR IV R 0-6) had PAH levels above detection. Comparisonof the

measured values in the analyticalduplicatesyielded RPDs ranging from 0 to

81.6%. The compoundsthat did not comparewell (RPD <25%) were anthracene,

benzo(k)fluoranthene,chrysene,fluoranthene,phenanthrene,and pyrene.

Samples from StationWR IV R 6-!1.5 were the only set of compositingdupli-

cates where the compoundswere above the detectionlimit. Comparisonof

compositingduplicatesproducedRPDs rangingfrom 19 to 105%, showingheter-

ogeneity of sedimentcomposites.

To assess accuracy,matrix spike evaluationswere performedon seven

samples. With very few exceptions,these data show that spike recoverieswere

acceptablefor all compoundsin samples. The exceptionswere acenaphtheneall

recovery in StationsP IX.5 L (34%) and P XII.5 C (39%) and fluorene recovBry

in Stations P IX.5 L (41%) and P XII! L (58%). Two SRMs, NRCC HS-3 and SES-I,

were also analyzed. The results of HS-3 analysis showed accurate measurement

of 11 of 16 compounds. No result was reportedfor benzo(k)fluoranthene.'The

measured values fell outsideof the certifiedSRM range, but were generally

close to the range, for anthracene,chrysene,fluoranthene_and indeno(1,2,3-

c,d)pyrene (AppendixD, Table D.8). The analyticalresults for SRM SES-I were

less impressive:with differencesbetween measuredand certifiedconcentra-

tions ranging from1.3 to 71%.However, accordingto the certificationsheet

from NRCC, the certifiedvalues in SRM SES-I are the result of betweenonly 6

and 12 analyses;the ranges and standarddeviationsof these results are not

provided. Therefore,it is not possible to assess the accuracyof our meas-

urements comparedto SRM SES-]. Unless ranges and standard deviationscan be

provided,we do not intendto use SRM SES-I as a standard in futur_ programs.
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3.3,5.2 Results of_Semivol.atileorqanics.Ana!ysis.

Semivolatile(PAH)organic compoundswere detected in sediment from
, . ,

19 stations in_the John F. BaldwinShip Channel (Table3.6). Complete PAH

data for all stations are presentedin Appendix C, Table C,8. Concentrations

of total detected PAH ranged from 11 to 3538 _g/kg dry wt, with most of the

total PAH concentration(74 to 100%) attributableto high molecularweight

polynucleararomatic hydrocarbons(HPAH) (Table3.7). Total PAH and HPAH are

shown graphically in Figure3.21, which also shows stationswhere PAHs were

detected in relation to the entire channel.

Maximum concentrationsof PAH occurred in the West Richmondsampling

area The highest concentrationwas observed at StationWR VII C and

generally showed a decreasinglevel to tilenorth of this location. All semi-

volatilecompoundsmeasured were found at this location,with progressively

volatile fractionsbeing absent from the stationsnorth of Station WR VIIC.

This pattern is consistentwith weatheringof a sourceof PAH that is being

transportedaway from the 'initiallocation nearer StationWR VII C. The

presence of the more volatilecompoundsat StationWR VII C indicatesthat the

sourcemay be continuous,or 'thatweathering of the material is very slow at

Station WR VII C, but becomesmore active during transportfrom this area.

The remaining locationsin Pinole Shoal and in CarquinezStrait had

relativelyminor concentrationsof HPAH compounds. The range "inconcentra-

tions of total sernivolatileorganiccompounds at these sites was 11 to

392 l_g/kgdry wt. All but two stations (CB 7 and CB 4A) had values that were

lower than the concentrationrange of total semivolatileorganic compounds

(67 to 253 _g/kg) observedat the Point Reyes, California,referencesites

(Word et al. 1990b).

3.3.6 ChlorinatedPesticidesand PCBs

3.3.6.1 Quality ControlSummary

Quality control data for both chlorinatedpesticideand PCB analyses on

sedimentsFrom John F. BaldwinShip Channel are presentedin Table D.9, Appen-

dix D. Target detectionlimitswere achieved for all samples. No compounds

were detected above the method detectionlimits in the method blank analyses.

All results reported above MDLswere confirmed on a second column. No
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T_ABLE_3._Z. For Stations Where PAHsWere Detected, Total PAHand _'_
High Molecular Weight (HPAH) Fraction in John F, Baldwin
Ship Channel Sediments (N/A =not applicable)

Total PAH HPAH _.

Statj_, Section, 'ft .... /_g/kg J _ _ C.o_l_eot., ,

WRVl I C ,0-5.5 3538 29T_' 84

WR V L 0-6 3075 2366

WR Vl L 0-4 2740 2256 82

WR IV R 0-6 1829 1580 86

WR IV R 6-I'1.5(a) 474 366 7"/'

WR IV.5 C 0-4 1783 1417 79 PAH in upper 4 ft of core only

WR IV.5 C 4-8 0 0 N/A

WR I R 0-5.1 878 776 88

CB 4 A 0-3,8 392 358 91 PAH In upper 3.8 ft of core only

CB 4 A 3.8-11.4 0 0 N/A

CB 7 0-3.I 260 239 92

P XIV C 0-4.5 17_ 179 100

CB 6 0-6,5 167 152 91

P VI L 0-5 166 148 89 PAH in upper 5 ft of core only

P VI L 5-11.6 0 0 N/A

P XII BI 0-5 66 49 74 PAIlin upper 5 ft of core only

P XII BI 5-11.1 0 0 N/A

P VIII L 0-6,6 55 55 100 PAH in upper 6.6 ft of core only

P VIII L 6.6-9.5 0 0 N/A

P XI I I L O-6(a) 26 26 100

C II C 0-4 0 0 N/A

C II C 4-6;8 26 26 100 PAl1 in lower part of core

P VII I R 0-8 18 18 100

P Vlll R 8-I0.5 0 0 NIA

P V R 0-5 17 17 100 PAH In upper 5 ft of core only

P V R 5-10.5 0 0 N/A

P Vll C 0-5 11 11 100 PAH in upper 5 ft of core only

P VII C 5-10.1 0 0 N/A

(a) Reported concentration is the average concentration of compostttng duplicates, or the detected

value if found in only one of the,duplicates.

0
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compoundswere detected in duplicate samples analyzed to assess both com-
positing and analytical precision. This precluded calculations of RPDs for

these analyses, The exceptions were low-level detections of a single pesti-

cide in only one of the composites and one of the analytical replicate pairs,

This occurrence could be attributed to sample heterogeneity and matrix varia-

bility, Analytical accuracy was assessed through analysis of seven matrix

spike samples. Samples were spiked with a mixture of six pesticides and one

PCBAroclor (Aroclor 1242). In all cases, spike recoveries were within the

control limits, and in most cases the recoveries were over 75%.

3.3,6.2 c_h]Q_,inated Pesticide__and PCBResults.

Chlorinated pesticide and PCBdata are presented in Appendix C,

Table C,9. Table 3.8 summarizes the sample locations of detected compounds,

Only two pesticides, 8-.BHCand 6-BHC, were detected in six sediment samples.

These sarnp'les were from four locations in Pinole Shoal and two locations in

Carquinez Strait. No PCBswere detected in any sediment samples collected.

I
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IE_.LLL_, StationsWhereChlorinatedPesticidesandPCBs
BaldwinShip ChannelSediments(**_ notdetected
abovegivendetectionlimit),

____tion, Sec_.i.g!L___ #.z_ i'_

DL 4,0 8,0

_es_tR.i.chmond
No Pesticides or PCBsDetected

P Xll R 0-8,5 10 26
P Xll B2 2-7,5 ** 31
P Xll BI 0.-5 ** 29
P XII.5R 5,3-11,1 ** 13

_:__rqu_nez.St_ra'it
CB i 0-6,6 ** 17
CB4 A 3.8-11.4 ** 19
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4,o
The sedimentsof the John F. BaldwinShip Channelexhibit an uneven dis-

tributionof the phYsicaland chemicalcharacteristicsmeasured during this

study, 'Thisis not surprising,for the study area representsa 2B-mile

stretchof channelthrougha dynamic estuarineenvironment. Our conclusions

relate to the identificationof trends in sedimentcharacteristics,as well as

'thepre_;enceof unusualrelationships, Locationsare noted where contaminant

levels appear elevated comparedwith referencesediment from Point Reyes,

typical shale sediments,or where a variety of contaminantswere detected.

The following sectionsdescribe characteristicsobserved in sedimentsfrom

West Richmond;southwestern,central, and northeasternregionsof Pinole

Shoal; and CarquinezStrait,

4.i ___.ST._RICHMOND

In the West Richmondreach of the John F. BaldwinShip Channel,TOC is

well correlatedwith the grain size, and selectedmetals levels appear ele-

vated compared with Point Reyes referencesedimentor typical shale soils.
The metals ,_:ncentrationsgenerallyappear to be related to the TOC concentYa-

tions throughoutWest Richmond, indicatinga common source of metals and

organic carbon relatedto grain size, However,certain metals appear tn have

concentrationselevatedabove expectedvalues based on these relationshipsat

some of the West Richmond stations, These metals are As from the lower 4 to

8 ft of cores from StationWR IV.5 C and Ag, Pb, and Zn within the upper 4 to

6 ft of cores from StationsWR V L, WR IV.5 C, and WR IV R.

The significanceof these metals concentrationscan be approximatedby

using a model based on partitioningcoefficientsthat predictsthe relation-

ship between estuarinesedimentand water. These relationshipshave been used

to predict the releaseof metals from sedimentsat concentrationsthat exceed

acute or chronicmarine water qualitycriteriadevelopedby EPA (Felstulper-

sonal communication1987). The 4-day averageEPA GoldbookCriteriafor salt-

water acute toxicityvalues are 36, 5.6, and 86 #g/l.for As, Pb, and Zn,

respectively. Silver'scriteria value 'Is50 /_g/L. Using Felstul'smodel to

predict potentialcontaminantreleasefrom the sedimentto the water indicates
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that the maximumAg, Pb, and Zn releases would be less than lr., while the /
maximumAs va'lueis less than 40% of the acute Gold Book Criteria values, lt

does not appear that these metals in West Richmondsedimentswould contribute

any observed acute 'toxicityresponsesto organismsthat may be tested 'Inthe

future,

What separatesWest Richmondfrom the other samplin_areas is the con-

centrationsand types of PAH found in the sediments. Sediment from thei

southernmoststation,WRVII, contains both low molecularweight (LPAH) and

high molecularweight (HPAH)compounds. This pattern is retained for adjacent

stations in the southernpart of the channelexcept that the lower molecular

weight PAIlcompoundsare sequentiallylost from stationsfarther north of

StationWRVII, The highestconcentrationsof low molecularweight PAH and

total PAH occur in the southernpart of the channel (StationsWR VII, WR VI,

and WR V). Examinationof the PAH chromatogramsof West Richmond samples also

show that more volatilecompounds('lighterthan LPAH) are present, indicating

a possiblesource of petroleumhydrocarbonsnear StationWR VII. The source

providesrelativelyunweatheredPAH near StationWR VII with possible trans-

port to the north resultingin more diluted concentrationsof total PAH and a I

weatheringloss of LPAH. The exact locationof the source is not known, but

should be close to StationWR VII, Additionalevaluation of potential

biologicalimpactsof these sedimentsis recommended.

Total butyltinconcentrationsin sedimentin the West Richmond area

ranged from undetectedto as high as 20 /_g/kg(drywt) with the more toxic

tributyltinform ranging fronl8,6 to 37.8% of the total butyltins. This more

toxic form ranged from not detected at "lessthan i to a detected value oi:

7 _=g/kg(dry wt). Using the equation of Valkirset al. (1986),the concen-

trationof tributyltinsin the interstitialwater is estimated to be approxi-

mately 0.004 /_g/L,which is "lessthan I% of the acute and approximately6% of

the chronicmarine water qualitycriteriaof 0.22 and 0,069 _g/L, respec-

tively, lt does not appear that organotinsin the WesltRichmond area should

be a concern for potentialacute or chronic toxicity.

0
4.2



i

4,2 SQUTHWES_T.ERN_P!NOLE_SHOAL_(Station_.PI _'toP V)

This geographicalsectionof the stLldyis segregatedfrom the others

because of a lack of any outstandingoy,unusualdata, Cores from this area

had finer-grainedsedimentthat correlatt_dwell with TOC levels, Metal con-

centrationsalso correlatedwell With TOC in southwesternPinole Shoal,

Although certainmetals appear elevated In this region,the concentrationsof

metals are less than the referencesedimentsfrom Point Reyes, the typical

shale soil concentrations,or the concentrationsof those metals in the West

Richmondarea, lt is unlikelythat metals from sedimentswithin this area

would contributeto any observed acute toxicityduring subsequenttesting,

Polynucleararomatichydrocarbonconcentrationsin this area of the

Pinole Shoal Channelwere nondetectedto very low, The only PAH found in the

southwesternPinoleShoal area was pyrene at 17 /_g/kg(StationP V R). These

values are actually less than concentrationsobserved 'inreferencesediments

off Point Reyes and muchlower than other locationsin this study, lt is

' unlikely that PAH would contributeto acute toxicityduring any subsequent

testing,

Q Butyltin levels Were low throughoutthis part of the channel,with a

maximum total butyltinconcentrationof <6,0 /_g/kg(drywt), Maximum

concentrationof tributyltinwas 1.0 /_g/kg(drywt), which is substantially

lower than the levels of probable no effect observedin West Richmond sedi-

ments, lt is unlikelythat sedimentfrom the southwesternarea of the Pinole

Shoal Channelwould have any acute toxicityrelatedto the butyltin

concentrationsobserved.

4.3 _;_j_L PI_IOLESHOAL .(S.'tation.sP._P_V_Lt____].

In stations P Vl upchannelto P X.5 sedimentsare predominantlysand with

correspondinglow levels of TOC. Metals concentrationsare also lower and

generallycorrelatewell with the coarsergrain size and lower TOC, Two

stationsappear to have consistentlyhigher concentrationsof metals than the

surroundingarea. These stationsare the upper 5 to 8 ft of Stations P Vl L

and P VIII R. The consistencyof these elevatedconcentrationsof metals at

these two stationsis most likely relatedto the higher levels of organic
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carbon that also were present,.However,sediment from these areas shouldbe i

tested furtherfor potentialtoxicityas a result.ofthe consistentlyelevated

levels of metals.

Polynucleararomatichydrocarbonswere detected in only two samplesfrom, .

this portionof John F. BaldwinShip Channel, Stations P Vl L and P VIII L.

Most PAH compoundswere the HPAHs fluoranthene,pyrene, andchrysene. At
,,,

Station P VI L, phenanthrene,benzo(b) fluoranthene,and benzo(a)pyrenewere

also present. In all cases, the total concentrationof these higher molecular

weight_PAH compoundswas at least 30 times lower than the concentrations

observed in the West Richmondchannel area. lt is unlikelythat PAH from

these stationswould contributeto any observed acutetoxicity from subsequent

acute toxicitytests.

Some butyltinswere found in central Pinole Shoal, with the highest
,

con,.ien'_.rationsof tributyltinoccurringat Station P VIII L (4 _g/kg) and

Station VIII R (3.9 pg/kg). The highest total of butyltin specieswas found

at Station P VII C (10.1pg/kg) followed by P Vl R (8.7_g/kg), P VIII R

(7.9 _g/kg),and P VIII L (7.1 _g/kg). These relativelyiow concentrationsof

tributyltinare approximatelyone-half of the highestlevels observed in the

West Richmond sediment. Those levels in West Richmondsedimentwere charac-

terized throughan organiccarbon normalizationformula (Valkirset al. 1986)

and were found to be from _I to <6% of the acute and chronicmarine water

quality criteria, lt is not anticipatedthat toxicity from sedimentwithin

the centralPinole Shoal area would be related to bu_yltinconcentrations.

4.4 NORTHEASTERN'PINOLESHOAL (StationsP XI to P XIV)

Severalfeatures of the John F. Baldwin Ship Channel sediment

characterizationset the northeasternPinole Shoal area apart from other

sections of the channel. Organiccarbon levels were not alwayswell

correlatedwith grain size, and generallyhigher concentrationsof metals,

notably Ag, As, Al, Cr, Cu, Hg, Pb,and Zn, were present at some stations.

The maJorityof these elevatedmetal levels either occurredthroughoutthe

northeasternPinole Shoal area (As, Hg, and Al), were located at one of two

berthing areas (StationsPXII B I or PXII B 2), or in the case of Ag and Pb,

were locatedat StationP XIV C.
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The generally elevated levels of As, Hg, and AI were located near the

opening of the CarquinezStrait. This seems reasonablebecausethe Car_!nez
,,

Strait area also appearsto have relativelyhigh levels of these same r_;etals.

The As and Hg levels are potentiallyof more concern than the slightly

elevated levelsof Al. The availabilityof these two metals are, however,

unknown, and it is possiblethat they are a part of the mineralmatrix rather

than the bioavailable'Fractionof the sediment. Subsequenttoxicitytesting

on sedimentsfrom these areas would better refine any potentialtoxicity. The

elevated levels of multiplemetals at the berthingareas and the levels of Ag

and Pb at StationP XIV C also indicatea need for additionalbiological

testing.

The berthingarea at Station P Xll BI and Station P XlV C had slight']y

elevated levels of the higher molecularweight PAHs. The levels of PAH

present in these sediment sampleswere much lower than observed in the West

Richmondarea and slightlylower than the values observed within Carquinez

Strait. lt is less likelythat these materialswould producetoxicity during

subsequenttesting.

One interestingobservationmade during the samplingwas the presence of
peat material in the lowest portionof the core from Station P Xl][.5R.

Chemical analysesof sedimentfrom this portion of the core did not indicate

elevated "levelsof any of the measuredparameters. The type of material

present could influencesurvivalin sedimenttoxicitytests, but the toxicity

_ would be relatedmore to other parameters(eng.,oxygen demand)than to the

chemicals measured.

4.5 CARQUINEZSTRAIT

The poorestoverall correlationof TOC with grain size occurred in the

CarquinezStrait area. All but two of the CarquinezStrait stations [CB 4 A

(t_)and C II C (U)] were outlierson th_ distributionof grain size relative

to total organic carbon (Figure 3.13). Stations C 11 C (lower), CB 6, and

CB 7 at the easternepd of CarquinezStrait had much higher TOC relative to

percent sand than the corre,ation would predict. The other five stationshad

approximatelythe same TOC, but a wide range in percent sand.

0 4.5
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Consistentlack of correlationwas apparent betweenTOC and Al, As, and

Hg. Each of these metals was higher in concentrationat the easternmost

CarquinezStrait stations,with the highestconcentrationsfor any of the John

F. BaldwinShip Channel stationsoccurringat Station C II R. These high

concentrationsof potentiallytoxic metals occurringin sedimentsat levels

not predictedbased on grain size, TOC, or the proximityto a berthing area

indicatethat biologicaltesting should be performedin the CarquinezStrait

area.

The PAH levels from sedimentsat two berthing areas,Stations CB 7 and

CB 4A, were higher than those of any other sampled areas in Pinole Shoal and
,

second highestto the elevatedWest Richmondlevels. More than 90% of the

PAHs were the higher molecularweight PAHs with nearly all these compounds

represented.This observationcoupledwith the presence of butyltinsat

elevated levels in these same samplessuggeststhat biologicaltesting should

be performedon sedimentfrom these locations in the subsequenttesting phase
/

of the program.

The highest concentrationsof butyltinsoccurred in the CarquinezStrait

0sedimentsat two berthing areas, Stations CB 4A and CB 7. The concentration

of the tributyltinform of these chemicalsoccurredat stationCB 7 and was

approximately30 pg/kg (drywt). The Valkirs et alo (1986)formulationpre-

I dicts a concentrationof tributyltinin water from this sedimentvalue that

wou'Idrepresent8% of the acute and 25% of the chronicmarine water quality

criteria values. A possibilityexists that the levels of tributyltinin these

" sedimentsat one berthingarea, Station CB 7, might be high enough to

contributeto toxicity.

In summary, the sedimentsfrom the John F. BaldwinShip Channel show

relativelylower contaminationthan sedimentsfrom either Richmondor Oakland

harbors. The followingsummarizesconclusionsfrom the chemical analyses

performedduring this first phase of testing"

• Potentialtoxicityto sensitivemarine organismsexists from sedi-

ment in West Richmond as a result of the levels and types of PAHs

present in the sediment.
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• No reason exists to believethat potentialtoxicitywould occur to

O sensitivemarine organismsfrom sedimentin the southwesternregion

of PinoleShoal.

• Reason existsto believe a potentialfor toxicity to sensitive

marine organismsmay occur at stationswithin Central P_noleShoal

becauseof the presenceof metals.

• Reason exists to believe a potentialfor toxicity to sensitive

marine organismsmay occur at stationswithin northeasternPinole

Shoal becauseof the presenceof metals.

• Reason exists to believepotentialfor toxicity to sensitivemarine
.,

organismsmay occur at stations in CarquinezStrait becauseof the

presenceof metals, PAHs, and butyltins.

Because sedimentvalues are above Point Reyes values, a potentialfor

toxicityto sensitivemarine organismsexists at the disposalsite from

sedimentsdredged from West Richmond (PAHs),central Pinole Shoal (metals),

northeasternPinole Shoal (metals),and Carquinez Strait (metals,PAHs,

butyltins). Additionalevaluationsshould be undertakenfor sedimentsat
ly

these locations.

A
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5.0 D_V_ALITYASSURANCE

At various stages of the John F. Baldwin Ship Channel program, surveil-

lances and reviews were conducted by Battelle Quality Assurance Engineer Mr.

Rob Cuello to ensure that the conditions of' the Quality Assurance (QA) Plan

were being met. Mr. Cuello traveled to the field to observe and review sam-

pling operations. He also conducted a surveillance of laboratory composit-

ing, sample preparation, storage, and shipping procedures. Whenchemistry

data were submitted to MSL, program staff checked data entry to computer

files against the raw data sheets; they also checked transcriptions between

spreadsheet and text files for data reporting. Other QA activities by pro-

gram personnel included hand-calculated verification of formulas in spread-

sheets, tracking of chemistry QC procedures, and technical review of report

drafts. Randomdata points in tables in report format were traced back to

the raw data by Mr. Cuello to verify data traceability and to review record-

keeping. Mr. Cuel]o will continue to perform traceability verification as

outstanding data for organic compounds are submitted to MSL. These verifi-

cation activities retained in the project files to verify that QA
are

procedures were fol]owed.

J
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A.I MATERIALS

The following is a checklist of items and materials useful for the

examination and description of sediment cores.

• ASTMProcedure D 2488-84

• Stainless-steel knife

• Hand lens (IOX magnification)

• 10 N Hydrochloric acid (HCl)

• Ruler (scaled in O.1-foot increments)

• Blank log forms (see Figure A-I)

• C1i pboard
• AGI Data Sheets

• Munsell Color Charts

In addition, the charts and/or reference materials listed in Table A..I, and

included in this appendix, are useful in the descriptiQn of specific sediment
characteristics.

®
A.2 METHODS

Descriptions of the physical, chemical, and biological features

preserved in sediments aid in the interpretation of the types of geologic

processes active both during and after the sediment was deposited. A total

of 17 sediment characteristics, outlined in ASTM(1984), are commonly used

to describe inorganic soils° These are listed 'in Table A-2.

Moisture condition was ot routinely logged because of the saturated

nature of the sediments. Furthermore, since particles were rarely larger

than coarse sand, neither were angularity, particle shape, range in particle

size, and hardness logged. For this reason, these sediment characteristics

were not included in the log form for the description of the test

A.I
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TABLE A-I. Charts and Other ReferenceMaterials Used to Provide
StandardizedDescriptionsof Sediment Characteristics

CHART/REFERENCE PURPOSE FIG.URE#

• RouT1dnessScale Roundnessof sand A-2a
and coarserparticles

• Percentage Estimatepercentage of A-3
Estimate Chart individualparticles or

constituents

• Particle Shape Referenceto describe A-4
particle shape

• Munsell Soil Color Soil color A-5
Charts

• Unified Soil Method for designating A-6, A-7
Classification sediment type
System

• Grain-size Scales Range of particle sizes; A-8, A-9
maximum particle size

, SortingChart Estimate of grading A-2b 0

• Lithologic Graphic patterns for A-lO, A-11
Symbols lithologiclog

®
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TABLE A-2. Sediment CharacteristicsIdentified inASTM ProcedureD2488-84,

I angularity*
2 p.A_ticleshap_e__*3 col6 "
4 odor
5 moisture condition
6 lTcTgeact ion

_i consistency (i.e.,firmness)cemen'tation *
91 structure
I( sedimentclassificationtype (i.e_, lithology)
11 range of particle sizes*
12 m---axlmUm"parli_c'1'eS"iZe
13 hardness *
14 c[_-s'trength**
15 diIatancy **
1.6 toughness**
,17 plasticity**

* Applies to.coarse-grainedsediment (sand and larger particles)

** Applies to finewgrainedsediment of mostly silt and/or clay

Features.not9_e_n.era!ly_[loggedfor this study .ar..eu.nderlined.
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sedlment (FigureA-I). However, in the few instanceswhere these i

Characteristicsdid apply, they were described under the "COMMENTS"column.

The definition of "soil" from the engineersstandpoint (AS'fM,1984),q

includesany unconsolidatedsediment. The geologic definition of soil is

slightly different and restrictssoils to tiiosesedimentarydeposits that

have undergone alterationnear the land's surfaceby either physical,

chemical, and/or biologicalprocesses;therefore, in a strict sense, not all

sedimentsare soils. For the purposes of this discussion,however, "soils"

and "sediments"will be used synonymously.

lt is sometimeshelpful to provide an estimate of the relative

proportionsof differentconstituentsin sediments (e.g. light- versusdark-

coloredminerals). This is made easier and more accurate by using a

percentage estimate chart, which provides a graphic referencewith varying

concentrationsof a particularconstituent (Fig. A-2).

The criteria used to describe each of the 17 sediment characteristics

identified in ASTM (1984) are discussedbelow.

A.2ol Angularity i

The angularity of sedimentary particles is a reflection of the

sedimentary environment and the amount of time that has elapsed before

deposition and burial. A chart showing how to to classify the angularity of

sedimentary particles is presented in Figure A-3a. A range of angularity

may be stated, such as: subrounded to rounded.

A.2.2 Shape
i

,

Shapes of sedimentary particles often reflect the internal

characteristics (e.g., preferential parting) of the material or sometimes

the type of sedimentary environment. For example gravel clasts deposited in

high-energy environments, such as beaches and river bottoms, are often worn

flat.

According to Figure A-4, gravel-sized cldsts may be described in one

of four ways. First, 'Ifthe ratio of the clast'swidth to thickness is >3,

it is classified as flat. Second, if the ratio of the clast's length to

0
A.4

z

i



CoreI: ,

Dal_tPngo.. of ...

_'°_ '.. ._///o,,,q_,'°"/.;/ al

I

I
I

I

O Figure A-I, Log Form Used to Record Sediment Descriptions
A.5





0
A

I

1 2 4 .

_rv angular _ngulat sub_ngutar suDrouncted rounOed well-rounoed

el
B

_mlm, i i ql

very well sortect well sorlecl rnooeratety sorted poorly sor_ec_

. pr,o,._7 _ ......... _.i_

Figure A-3. Charts Used to Visually Estimate
Roundness/Sphericity(A) and

- Sorting/Grading(B)
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PARTICLE SHAPE •

W=WIDTH

T =THICKNESS

L= LENGTH

ii

FLAT:I W/T>
ELONGAIr..D. L/V_ >
FLAT AND ELONGATED:

- meets both criteria

Figure A-4. Criteria used to Describe Particle Shape
From ASTM(1984)

®
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Q width is >3, the clast is elongate. Third, if both criteria apply the clast
is both flat and elongate. And last, if none of the criteria apply, then

shape i_ not mentioned. Indicatethe fractionof the clasts that have the

shape, such as: one-thirdof gravel clasts are flat. Particle shape did not

apply to most of the sedimentslogged during this project and the few pebbles

that were observed were neither flat nor elongate.

A.2.3 Color

Color may be useful in identifyingmaterialsof similar geologic

origin. For example, color was often a useful criteria for differentiating

Younger Bay Mud from Older Bay Mud. Sedimentcolor was determined by

comparing the wet sedimentwith standard sediment colors given in Munsell

(1975). The advantage'tousing the Munsell soil color system is that it

provides a consistent,standardized method for describing color and

subjectivityis minimized. _,,

The Munsell color notation consists of three simple variablesthat

combine to describe all colors known in the Munsell soil color system. The

O three variablesare: hue, value, and chroma (FigureA-5). The hue notationindicates the relation of the sediment color with respect to red, yellow,

green,'''blueand purple; the value notation indicatesits lightness,and the

chroma notationindicates its strength (i.e., intensity).

Color can be describedeither by the Munsell notation (e.g. 5YR 5/3;

q hue=5YR, value=5, chroma=3)or by its equivalentcolor name (e.g. reddish

brown). Both the color name and Munsell notationwere recorded on core

logs. 0nly rarely was there not a reasonablematch between the true color

of the core sedimentand one of the co'lorson a Munsell color chart.

A.2.4 Odor

Odors may indicatethe presence of contaminantsor be the result of

the geochemicalenvironment. Odors most frequentlynnted were that of

petroleum hydrocarbonsand the smell of rotten eggs (an indicationof the

presence of hydrogen sulfide). Both of these odors were restricted'tothe

Younger Bay Mud unit. Petroleumodors may be the result of contaminationof_

the
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FigureA-5. Exampleof a Page Fromthe MunsellSoilColorChart
for Hue 5YR. ColorChipsL,edto EstimateSoil
ColorAre on the Right

0
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sedimentsby shipping spills or industrialwaste, or perhaps is derived
fromtheabundant decaying organicmatter present in these sediments.

Hydrogen sulfide is a common naturalby-product in chemically reducing

environmentssuch as the urbanizedestuaries.

A_2.5 Moisture Condition

Moisture condition is describedas either dry, moist, or wet according

to the followingcriteria:

DRY Absence of moisture,dry to the touch

MOIST Dampbut no visiblewater

WET Visible free water, usuallysoil is below water table (i.e.,
saturated)

All the sedimentslogged for this project were taken from below sea

level and did not lose any significantmoisture between the time they were

drilledand logged. Therefore,they are all classified as wet.

A.2.6 HCl Reaction

The reaction (i.e., effervescence)of sedimentarymaterial, as a result
of adding dilute hydrochloricacid, is an indicationof the presence of

calcium carbonate. Calcium carbonatein sedimentsmay be derived from a

variety of sources including:I) physicaldisintegrationof preexisting

carbonate rocks (e.g., limestone,marble), 2) biogenicprecipitation (e.g.,

shell, bone), and 3) soil development. In the last example, calcium

carbonateconcentrations,often referred to as caliche or'calcrete,may

accumulateover time near the land's surface in arid climates. Where calcium

carbonateconcentrationsoccur in combinationwith other evidence for soil

- development,such as root traces and oxidation, then a pedogenic (soil

forming)origin is favored. Criteria for describingthe reaction with 10 N

HCl are as follows:

NONE No visible reaction

WEAK Some reaction,with bubbles forming slowly

STRONG Violent reaction,with bubbles forming immediately

A solution of 10 N HCI "isobtained by slowly adding one part of

- _ concentratedhydrochloricacid to three parts of distilledwater. (To avoid

- A.11
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a violent exothermic reaction never add water to acid). 0

A.2.7 Consistency

Consistencyis a measure of the firmness or consolidationof

sedilnentarymaterial. In general, there is a direct relationshipbetween

consistencyand age of the deposit (i.e.,older deposits are usuallymore

firm because of compaction and/or cementation) Consistencyis most

: applicableto fine-grainedsedimentsand least applicableon sedimentsthat

contain significantamounts ofgravel. The criteria used to determine

consistencyare as follows:

VERY SOFT Thumbwill penetratesoil more than i inch (25 mm)

SOFT Thumb will penetratesoil about I inch (25 mm)

FIRM Thumb will indent soil about I/4 inch (6 mm)

HARD Thumb will not indev,tsoil but readily is readily
indented with thumbnail

VERY HARD Thumbnailwill not indent soil

A.2.8 Cementation

0Often sedimentaryparticlesare held together with a bindingcement.

Three common natural cements are calciumcarbonate (lime),silica, and iron-

oxide compounds. Particlescemented with calcium carbonateeffervesce in

the presence of hydrochloricacid (see SectionA.2.6 above). Sediments

cemented with iron oxide are usually some shade of red, yellow, or brown.

Usually there is a relationshipbetween consistency (SectionA.2.7) and

cementation,in that strongly cemented deposits are also hard to very hard.

Criteria used to descFibe the degree of cementationare:

WEAK Crumbles or breaks with handling or light finger pressure

MODERATE Crumbles or breaks with considerablefinger pressure

STRONG Will not crumble or break with finger pressure
l

i_
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A.2.9 Structure
Structuresare features that originatewithin the layers of sediment

._, or at the sediment/waterinterfacein responseto various physical,biologic

and/or chemicalprocesses. Structuresmay be classified into two categories:

primary and secondary. Primary structures form as the sedimentis being

deposited (e.g., lamination,stratification). Secondary structuresform

after deposition,often as a result of compactionor other stresses (e.g.,

fissured,), biologic activity(e.g., root traces,mottling), and soil

development (e.g.,homogeneous,blocky, mottled). The following are some

conmlonstructuresobserved in sedimentarydeposits.
i

PRIMARY STRUCTURES

STRATIFIED Alternatinglayers of varyingmaterial or color with
layers at ]east 6 mm thick

LAMINATED Alternatinglayers of varyingmaterial or color with
the layers less than 6 mm thick

LENSED Inclusionof small pocketsof differentsediment type,
such as small lenses of sand scatteredthrough a mass

of clay. (This type of structuremay also be secondary).
SECONDARYSTRUCTURES

FISSURED Breaks along definite planes of fracture with little
resistanceto fracturing

, ,

SLICKENSIDED Fracture planes appear polished or glossy, sometimes
striated

BLOCKY Cohesive soil that can be brokewRdown into small angular
lumps which resist furtherbreakdown

MOTTLED Variationin color of sedimentsas representedby
localizedspots or blotchesof color or shades of color

" HOMOGENEOUS Same color and appearancethroughout

A.2.10 Sediment ClassificationType

The classificationmethod used in this study is the Unified Soil

ClassificationSystem (Fig.A-6), which consists of a two-letter designation

for most soils (i.e.,unconsolidatedsediments). A simplified version of

the

" 0 A.13



Figure A-6, AbbreviatedForm of the Unified Soil Classification
System. From AGI (1982)
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Unified Soil ClassificationSystem is presented in Figure A-6, while a more-
detailed breakdownis presented in FigureA-7. Accordingto this

classificationsystem, coarse-grainedsedimentsare classifiedbased on

grain-size distributionand grading (i.e.,sorting),while fine-grained

sedimentsare classified on the basis of grain size and liquid limit vs.

plasticity.

Particle-sizedistributionmay be determinedwith precisionusing

laboratorymethods (e.g.,'sievingof sand and coarser particles;pipette or

hydrometeranalysis of silt and clay). Because these methods are expensive

and time-consuming,it is more desirableto estimate grain size using rapid

visual-manualtechniques describedbelow. For exalnple,sand and coarser

particlesare most easily identifiedvia comparisonwith standard charts of

grain size (Figs.A-8 and A-9). Fine,grainedsoils, consisting of mostly

silt and/or clay, on the other hand, are identifiedbased on manual tests of

their dry strength,dilatancy,toughness,and plasticity (FigureA-lO),

In the Unified Soil ClassificationSystem (Figs. 6 and 7), the first

letter of the sediment-typesymbol representsthe predominantgrain-size

interval,be it gravel (G), sand (S), silt (M), or clay (C). For coarse-

grained sediments,the first letter (i.e.,G or S) may be followedby a

descriptor of grading, either W (well graded) or P (poorlygraded), or a

secondarygrain-sizedescriptor (M or C). The definitionof raE]_d_Lg.gis

opposite that of _, a common geologicterm. For example, a clean,

well-sortedsand, consistingof particlesover a narrow range in grain size,

is referred to as poorly graded in the Unified Soil ClassificationSystem

and would receivethe designation"SP". The relationshipbetween grading

and sorting is shown graphicallyi,lFigure A-3b. The second letter in the

fine-grainedsoil designationconsists of either L (low liquid limit) or H

(high liquid limit).

The lithologycolumn on the geologic log (Fig. A-I) essentially

representsa graphic displayof sedimenttype, The graphic displays of

lithologyare utilized for quick easy referenceand comparisonbetween

differentcores and thus make interpretationseasier. The symbols used for

the collectedsediments are shown in Fig A-11. Examples of other

A.15
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- Figure A-7. Detailed Flow Chart For the Classificationof
Coarse-grained(A) and Fine-grained(B)Soils

Using the Unified Soil ClassificationSystem O
A.16
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Figure A-8. Grain-sizeScales Used to Determine
SedimentaryParticle Size



Figure A-9. ComparisonChart Used to DistinguishAmong Sand to
Pebble-sizeParticles. From AGI (1982). For
larger particles,refer to Figure A-8, for
smaller particles,refer to sectionsA.2.13 and
A.2.16 in this Appendix
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Figure A-lO. Identification of Inorganic Fine-grained
Soils From Manual Tests
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Figure A-11. Symbols Used to RepresentDifferentLithologic
- Propertieson Core Logs
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lithologic symbols in commonuse are presented in Fig. A-12. AdditionalSymbols may be used as long as they are graphically representative of the

feature and are specifically defined and identified in a key that accompanies

I ithologic logs.

A.2.11 Range of Particle Sizes

For gravel- and sand-sized particles, the range of particle sizes

within each component is defined. For example, 20_ fine to coarse gravel,

_0_ fine to coarse sand. The sizes of particles corresponding to the

different size components are presented in Figures A-8 and A-9.

A.2.12 Maximum Particle Size
i

Maximumparticle size is significant because it gives a general

indication of the amount of turbulence or energy associated with deposition.

If the maximumparticle size is sand, it should be described as either fine,

medium, or coarse sand. If the maximumparticle size is in the gravel

range, the largest particle is measured and its width recorded along the

narrowest axis. The sizes of particles corresponding to the different size

components are presented in Figures A-8 and A-9.
The maximum grain size observed for the Younger Bay Muds ranged from

silt to medium sand, while the Older Bay Mud usually ranged from fine sand

to coarse sand. The largest particles observed anywhere were fine pebbles

in the Older Bay Mud unit.

A,2.13 Dry Strength

Dry strength, along with dilatancy, toughness, and plasticity are

physical characteristics used to distinguish fine-grained inorganic soils,

consistingof mostly silt and/or clay. Basically,the more clay present in a

soil the greater its dry strength (Fig. A-lO). To perform a manual test of

dry strength enough material must be selected in order to mold into a ball

about 1 irl.in diameter. Mold the material until 'ithas the consistencyof

putty, addingwater if necessary. From the molded material,make at least

three test specimens each about I/2 in. in diameter. Allow the test

specimensto dry in air, sun or by artificialmeans, _s long as the

_- 0 A.21



F,igure A-12. Additional Lithologic Symbols in CommonUse

_

A.22



temperaturedoes not exceed 60oC (ASTM, 1984). The criteria for determining
dry strength are as follows:

NONE The dry specimencrumbles into powder with mere pressure
of handling

LOW The dry specimen crumbles into powder with light finger
pressure

MEDIUM The dry specimen breaks into pieces or crumbles with
conslderablefinger pressure

HIGH The dry specimen cannot be broken with finger pressure.
Specimenwill break into pieces between thumb and a hard
surface

VERY HIGH The dry specimen cannot be broken between the thumb and
a hard surface

Dry strengthwas determinedfor the sediment cores by sampling

selected intervalsand allowing the samples to air dry overnight. Dry

strength was determined the next day and noted in the comments column of the

geologic log.

A.2.14 Dilatancy

Dilatancy is a measure of how easily a soil gives up water when shaken.

For example, some clays have the ability to absorb and retain large amounts

of water into their crystal lattice. "Fat" clays tend to retain their water

even under stress whereas "lean" clays and silt tend to releasewater when
i

, shaken.

To test for dilatancy select enough material to mold into a ball about

I/2 in. in diameter, Mold the material, adding water if necessary, until it

has a soft, but not sticky consistency. Smooth the soil ball in the palm of

the hand with a blade of a knife or small spatula. Shake horizontally,

= striking the side of the hand vigorouslyagainstthe other several times.

Note the reaction of water appearingon the surface of the soil. Squeeze the

sample by closing the hand or pinching the soil between the fingers, and note

the reaction. Specimenswith high dilatancywill quickly yield wate_rwhen

shaken and absorb water when squeezed. The criteriafor describing dilatancy

are:

-Q
A.23



A

NONE NO visible change in the specimen

SLOW Water appearsslowly on the surface of the specimen during
shaking and does not disappearor disappears slowly upon
squeezing

RAPID Ware*'appearsquickly on the surfaceof the specimen during
shakingand disappearsquickly upon squeezing

The range of dilatancyfor the differentfine-gra4nedsediment types

is shown in Figure A-lO. From this 'figureit is apparent that dilatancy

decreaseswith decreasinggrain size.

A.2.15 Toughness

After completion of the dilatancy test, shape the same specimen into

an elongated pat and roll by hand on a smooth Surfaceor between the palms

into a thread about I/8 in. (3 mm) in diameter. (If the sample is too wet

to roll easily, it should be spread into a thin layer and allowed to lose

some water by evaporation.) Fold the sample threads and reroll repeatedly

until the thread crumbles at a diameter of about I/8 in. The thread will

crumble at a diameter of 1/8 in. when the soil is near the plastic limit.

Note the pressure required to roll the thread near the plastic limit. Also,

note the strength of the thread. After the thread crumbles,the pieces

shouldbe lumped together and kneaded until the lump crumbles. Note the

toughnessof the material during kneading and classify into one of the

following categories.

LOW Only slightpressure is required to roll the thread near the
plastic limit. The thread and lump are weak and soft.

MEDIUM Medium pressure is requiredto roll the thread to near the
plastic 'limit.The thread and lump have medium stiffness.

HIGH Considerablepressure is requiredto roll the thread to near
the plastic limit. The threa_Iand the lump have very high

; stiffness.

The range of toughnessfor the differentfine-grainedsediment types

is shown in Figure A.-IO. From this figure it is apparent 'thattoughness_

7 increaseswith a decrease in particle size.
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A.2.16 Plasticity
On the basis of observationsmade during the toughnesstest, describe

the plasticity of the material accordingto the followingcriteria_

NONPLASTIC A i/8 in. thread cannot be rolled at any water content.

LOW The thread can barely be rolled and the lump cannot be
formed whendrier than the plastic limit.

MEDIUM The thread is easy to rolland not much time is required
to reach the plastic limit. The thread cannot be
rerolled after reaching the plastic limit. The lump
crumbleswhen drier than the plastic limit.

i

HIGH lt takes considerabletime rolling and kneading to
reach the plastic limit. The thread can be rerolled
severaltimes after reaching the plastic limit. The
lump can be formed without crumblingwhen drier than
the plastic limit.

The range.of plasticity for the different fine-grainedsediment types

is shown in Figure A-lO. From this figure it 'isapparentthat an increase

in plasticityaccompaniesa decrease in grain size.

0
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TABLE C.2. Total Oil and Grease (mg/kg dry weight), Petroleum
Hydrocarbons (mg/kg dry welght), and Petroleum 0
Hydrocarbon Fraction of Total Oil and Grease in John F,
Baldwin Ship Channel Sediments

Oil & Petroleum Petroleum
S__tta__tionr Section (ft_.__ Grease Hydrocarbons Fraction (4)

West Richmond

WR VII C 0-5.5 37 27 73
WRVI L 0-4 73 55 75
WRV L 0-6 79 74 94
WRIV.5 C 0-4 82 70 85
WRIV.5 C 4-8 18 16 89
WR IV R 0-6 167 112 67
WR IV R 6-ii.5(a) 38 19 51
WR III L 0-6.6 61 11 18
WR III C 0-6.4 26 12 46
WR II L 0-6.9 20 5.8 29
WR I R 0-5.1 91 49 54

Pinole Shoal

P I C 0 3 44 21 48
P II C 0,4.3 39 25 64
P Iii L 0-3 45 24 53 W
P IV R 0-8 34 22 65
P V L 0-8.4 53 40 75
P V C 0-8.7 33 24 73
P V R 0-5 45 28 62
P V R 5-,I0.5 93 21 23
P Vl L 0-5 114 50 44
P Vl L 5-11.6 41 24 59
P Vl C 0-9 21 8.5 40
P Vl R 0-5 63 39 62
P Vl R 5-11.7 25 II 44
P VII C 0-5 98 32 33
P VII C 5-10.1 48 12 25
P Vlll L 0-6.6 136 65 48
P VIII L 6.6-9.5 17 6.7 39
P VIII R 0-8 83 52 63
P Vlll R 8-10.5 30 7.6 25
P Vlll.5 C 0-3.6 41 13 32
P VIII.5 C 3.6-i0.4(a) 9.4 7.0 74
P IX C 0-5 9.1 6.0 66

P IX C 5-I_ 8 8.5 8.6 101P IX.5 L O-u_a) 16 13 78
P IX.5 L 5-10.1 7.3 5.5 75
P X R 0-6 15 11 73
P X R 6-11.5 5.5 3.5 64

C.4 0



TABLE C.2. (Continued)

• 'Oil & Petroleunl Petroleum
Stationr Section (ft) Grease Hydrocarbons Fraction

Pinole Shoalr cont'd

P X.5 C 0-5 9.3 7,0 75
P X.5 C 5-11 12 7.6 63
P XI L 0-3.5 17 13 76
P XII R 0-8.5 19 9.1 48
P Xll RR 0-9.2 45 33 73
P Xll B2 0-2 17 15 88
P XII B2 2-7.5(a) 76 28 37
P Xll B2 7.5-12.5 23 14 61
P XII BI 0-5 178 131 74
P Xll BI 5-i]_.I 102 43 42
P Xll.5 C O-6_a) 15 8.7 58
P Xll.5 R 0-5.3 21 14 67
P XlI.5 R 5,3-11.1 24 15 63
P XIII L 0-6(a) 18 14 75
P XIII R 0-5 7.3 1.0 14
P XlII R 5-10 I0 I0 i00
P XlV C 0-4.5 62 38 61

Carquinez Strait

0 CB I 0-6_ 61 32 52C I R 0-8i ) 15 12 86
CB 4 A 0-3.8 Iii 59 53
CB 4 A 3.8-11.4 31 20 65
CB 5 0-4 33 23 70
CB6 0-6.5 16 18 113
CB 7 0-3,1 104 62 60
C II C 0-4 9.1 14 154
C II C 4-6.8 55 52 95

(a) Reported concentration is the mean concentration of the
compositing duplicates.
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Table C.7, Butyltins (#g/kg) in John F. Baldwin Ship Channel Sediment,s

(<:not detected above given detection limit; N/A=not O
applicable)

Propyl Tin
Recovery Butyltin Species

Stationt sectio n (ft__ ___ Tetra Tri D_ Mono .Tota!i

Detection Limits

Target DL N/A I0 I0 I0 I0 N/A
Lowest Achieved DL N/A 0.41 0,40 0.41 0.42 N/A
Maximum Achieved DL N/A 2.2 0.80 0.83 2.3 N/A

West Richmond

WRVll C 0-5.5 36 <0.54 1,8 15 1.2 18
WRVl L 0-4 56 <0.63 0.82 7.1 1.6 9.5
WRV L 0-6 43 <2.2 7.3 12 <2.3 19.3
WR IV.5 C 0-4 48 <0.74 <0,74 2.1 <0.76 2.1
WR IV,5 C 4-8 36 <0.61 <0.62 0.74 <0.63 0.74
WR IV R 0-.6 82 <1.9 2.3 5.1 <2.0 7.4
WR IV R 6_Ii,5 rep I 45 <0.55 0.81 <0.55 <0.56 0.81
WR IV R 6-11,5 rep 2 63 <0.44 0.49 0.97 <0.46 1.46
WR III L 0,6.6 45 <0.54 0.53 <0.55 <0.56 0.53
WR III C 0-6.4 45 <0.55 <0.56 0.71 <0.57 0.71
WR II L 0-6.9 51 <0.48 <0.49 <0,50 <0.50 N/A
WR I R 0-5.1 45 <1,6 2.1 7.9 3.0 13.0 qP

Pinole Shoal

, P I C 0-3 54 <0,71 0.83 <0.72 <0.73 0.83
P II C 0-4.3 31 <0.70 1.0 3.5 i,i 5.6
P III L 0-3 38 <0.65 0.74 0.68 <0,69 1.42
P IV R 0-8 68 <0.59 0.96 1.3 1.0 3.3
P V L 0-8.4 39 <0.67 0.93 1.7 0,83 3.5

" P V C 0-8.7 57 <0.81 <0,80 <0.83 <0.84 N/A
P V R 0-5 63 <0.64 <0.63 0.66 <0.41 0,66
P V R 5-10.5 58 <0.68 <0.66 <0.68 <0.70 N/A
P VI L 0-5 55 <0.66 0.71 <0.67 <0,68 0.71
P VI L 5-11.6 42 0.62 0.63 3.2 <0.66 4.5
P Vl C 0-9 49 <0.56 0.81 1,7 0.81 3.3
P VI R 0-5 53 <0.59 1.6 1.2 0.69 3.5
P VI R 5-11.7 97 <0.68 2,7 4.5 1.5 8.7
P VII C 0-5 39 <0.62 0.63 2.5 0.68 3.8
P VII C 5-10.1 83 <0°63 2.6 6.5 0.97 I0.I
P VIII L 0-6.6 68 <0.70 4.0 0.71 2.4 7.1
P VIII L 6.6-9.5 53 <0.41 <0.40 <0.41 <0.42 N/A

- P VIII R 0-8 70 <0.74 3.9 2.1 1.9 7.9
P VIII R 8-10.5 52 <0.55 <0.54 1.5 0.57 1.5

0

_ C.18

=
,_i, _, ' ' _r_' _P'_ ,i, '_'_" _' _lh 'b _ ' ' _' _"'_lli'IIIlr'_'_If _-r_t_'-"_-_'h_l_'n_"_'_'_r_"_'_,i_r* ' _ .....



TabI e C, 7, (Cont i nued)

Propyl Tin
Recovery Butyltin Species

S_tation, section If___[ (_) Tetra Tri Di Mono Total

Pinole Shoal cont'd

P VIII,5 C_ 0-3,6 46 <0.46 2.1 0,74 <0.47 2.8
P VIII.5 C 3.6-10,4 rep 1 58 <0,50 <0,49 0,57 <0,52 0,57
P VIII,5 C 3.6-10,4 rep 2 54 <0,60 <0,59 i,i <0.62 I,I
P IX C 0-5 47 <0.51 <0.50 <0,51 <0.52 N/A
P IX C 5-11,8 48 <0.46 <0.46 <0,47 <0.48 N/A
P IX.5 L 0-5 rep i 53 <0.48 <0,48 <0,48 <0.49 N/A
P IX.5 L 0-5 rep 2 71 <0.45 0,55 0.56 0.47 1.58
P IX.5 L 5-10.1 63 <0.47 0,58 0,72 <0.49 1,3
P X R 0-6 80 <0.54 2,0 2.8 1.2 6.0
P X R 6-11,5 42 <0,47 0,48 <0,47 <0.48 0.48
P X.5 C 0-5 43 <0.48 0.53 0.57 <0.50 i,I0

• P X.5 C 5-ii 43 <0.47 0,48 <0.47 <0.48 0.48
P Xl L 0-3.5 63 <0.58 <0.59 <0.58 <0.60 N/A
P XII R 0-8.5 31 <0.62 <0.62 <0.62 <0.64 N/A
P XII RR 0-9.2 125 <0.69 3,7 1.7 1,3 6.7
P XII B2 0-2 46 <0,86 1,5 1.3 <0.92 2,8
P Xll B2 2-7.5 rep i 45 <0.51 o.sg 1.0 2,0 3,9
P Xll B2 2-7.5 rep 2 79 <1.6 2.7 ii 3.1 17,0
P Xll B2 7.5-12.5 69 <0.48 0.75 3.1 0.95 4.8

P XII 0-5 66 2.4 9,5BI <0.73 2.1 5,O
P Xll BI 5-11.1 46 <0,56 0.89 3.1 <0.58 4,0
P XII.5 C 0-6 rep i 42 <0,62 0,67 1,4 0.88 2.9
P XI T.5 C 0-6 rep 2 60 <0,78 0.87 <0.77 <0.59 0.87
P XII.5 R 0-5.3 22 <0.71 2.5 0.88 0.78 4.2
P XII.5 R 5.3-11.1 92 <0.67 3,0 <0,69 1.0 4.0
P XIII L 0-6 rep I 36 <0.87 3.1 6.5 1.5 ii.i
P XlII L 0-6 rep 2 43 <0,57 <0.57 1.3 0.74 2.0
P XIII R 0-5 72 <0.62 2.1 1,9 <0.67 4.0
P XIII R 5-10 45 <0.57 1.5 1,2 0.66 3,4
P XlV C 0-.4.5 45 <0.59 <0.59 0.59 0.71 1,30

C__arqui nez Strait

CB I 0-6.6 81 <0,70 2.5 2.1 1,3 5.9
, C I R 0-8 rep I 41 <0.60 1,7 2.6 0.74 5.0
: C I R 0-8 rep 2 64 <0.81 2.9 1.8 I.i 5,8

CB 4 A 0-3.8 37 <1,8 6,1 12 3.3 21
CB 4 A 3.8-11.4 37 <0,53 0,57 1,5 <0.55 2,1
CB 5 0-4 42 <0,55 0.57 1.4 <0.56 2,0
CB 6 0-6.5 86 <0,69 2,8 3.5 1.1 7,4i

CB 7 0-3.1 33 <0.99 29 3,5 4.1 37
C II C 0-4 39 <0.51 <0.51 1,3 <0.52 1,3
C II C 4-6.8 40 <0,60 <0.61 5.8 1.0 6.8

C II R 0-2.4 40 <0.65 1.2 1,3 0.97 3,5
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Table D.I. 9uality Control .Data for TOC and Grain Size

........ (NA=data not available; N/A:not applicable)

TOC Percent, Percent, Percent, Percont,. Tobal

St,at,ionj..Sec_.!.on(ft,) _,_]. Gravel Sand Si It, Cla_z..._ Percent,

Standard Reference Materia 1

SRMMess,.1 2.33 N/A N/A N/h N/A N/A

Composibing DupI ic_at,es

WRIV R 8-11.5 0.28 1 'B7 17 15 100
WR IV R 6-11.5 ' 0,B2 1 66 17 18 100

P VlIl,8C 3.8-I_.4 0,35 0 B9 19 12 100

P VIII.5C 3,6-10.4 0,30 0 B8 18 14 100

P IX.5L 0-5 {,Bl 0 85 8 7 100

P IX.5L 0-5 0,13 g BB 7 7 100

P XII B2 2-7,5 0.B8 0 11 3B 61 100

P Xll B2 2-7,@ 0,SB 0 21 43 3B 100

P XII,B C O-,B 0,38 0 23 39 38 100

P XII.5 C 0-8 0.48 0 24 38 38 100

®
P XIII L O-B g,40 0 lg 3g 42 100

P XIIIL 0-6 0,41 0 lg 41 40 I_0

C I R 0-8 Q.43 0 4 I;1 46 100

C I R 0-8 0,42 0 4 50 46 100

RPDof Composit,ing DuBIica_,es__.L_._"

WR IV R 6-11.5 BO 0 2 0 8 0
P VIII.5 C 3.6-10.4 15 0 1 5 15 0

P IX.BL 0-6 g6 B i 13 0

P XII B2 2-7,5 4 0 63 12 34 0

P XII,5C 0-8 Ig 0 4 3 0 0

P XIII L O-a 2 0 0 5 5 0

CIR 0-8 2 0 0 2 2 0

l-Sta_of Composit;ingDupI icares

WRIV R 6-11.5 0,30 0,00 0,¢1 B.00 0,03 0.(_0

P VIll.5C 3,8-10.4 0,08 B,00 0.01 0,%3 0.08 0,00

P IX,6L 0-5 0,48 0,00 0,@I 0,07 0,00 0.00

P XIIB2 2-7,5 0.02 0,00 O._ll 0.06 0,17 0.00

P XII.B C 0-6 0,10 0.00 0,_12 0.01 0,00 0.00

P XlllL 0-8 0.0], 0,00 0,_10 0,_3 0,02 0.00

C I R 0-8 @.01 0,0@ 0,(_0 0,_,i 0,01 B,00
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Table D.1. (Continued)
lp'

TOC (_ dry wtr_
Analytical TOC Duplicates _ Rep 2 .RPD(_) I-STAT

WRVl L 0-4 0.57 0°58 1.7 0.01

WR III C 0-6.4 0.44 0,44 0,0 0o00

P V R 0-5 0,79 0.80 1,3 0.01

P VIII.5 C 3.6-1,0.4 0.30 0.32 6.5 0.03

P IX.5 L 0-5 0.13 0.13 0.0 0.00

P XI I B2 2-7.5 0.56 0,56 0.0 0.00

P XII.5 R 5.3-11.1 0.80 0.80 0.0 0.00

CB 5 0-4 0.43 0.43 0,0 0.00
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Table D.3. Quality ControlData for Oil and Grease and
PetroleumHydrocarbons(NA':notanalyzed)0

Oil & Petroleum

Station, Section (ft) Grease Hydrocarbons
-- _ -:,,,, . ,,

Method Blanks (mg/kgdry wt)

Blank i 6.5 NA
Blank 2 12 NA
Blank 3 15 NA
Blank 4 13 NA
Blank IC 3.2 NA
Blank 2C 2.6 NA
Blank 3A 11 NA
Blank 4A 11 NA

.C?nlpositinqDup!icates (mg/kgdry wt)

WR IV R 6-11.5 35 19
WR IV R 6-11.5 40 19

P VIII,5 C 3.6-10,4 8.8 6.5
P VIII.5 C 3.6-10.4 10 7.5

P IX.5 L 0-5 14 12P IX.5 L 0-5 18 13

P Xll B2 2-7.5 93 25
P Xll B2 2-7.5 58 31

P XII.5 C 0-6 15 11
P XII.5 C 0-6 15 6.4

P XIII L 0-6 13 12
P XIII L 0,,6 23 15

C I R 0-,8 16 18
C I R 0-8 13 6.8

: RPD of CompositinqDup]icates (%)

WR IV R 6-11.5 13.3 0.0
P VIII.5 C 3.6-10.4 12.8 14.3
P IX.5 L 0-5 25.0 8,0
P Xll B2 2-7.5 46.4 21.4
P XII.5 C 0-6 0.0 52.9
P XIII L 0-6 55.6 22_2
C I R 0-8 20.7 90.3

-0
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Table D.3. (Continued)

Q
OiI & Petroleum

Station, Section (ft) Grease Hydrocarbons

I-Stat of CompositingDuplicates

WR IV R 6-11.5 0.07 0.00
P VIII.5 C 3.6-10.4 0.06 0.07
P IX.5 L 0-5 0.13 0.04
P XII B2 2-7.5 0.23 0.11
P XII.5 C 0-6 0.00 0.26
P XI11 L 0-6 0.28 0.11
C I R 0-8 0.10 0.45

AnalyticalDuplicates Img/kgdry wt)

P IX.5 L 0-5 18 13
P iX.5 L 0-5 16 16

P XII.5 C 0-6 15 11
P XII.5 C 0-6 15 15

P XIII L 0-6 13 12

P XIII L 0-_ 11 10

C I R 0-8 16 18
C I R 0-8 14 7.5

RPD of Analyt!cal DuplicatesI_)

P IX.5 L 0-5 11.8 20.7
P XII.5 C 0-6 0.0 30.8
P XIII L 0-6 16o7 18.2
C I R 0-8 13.3 82.4

I-Star of AnalyticalDuplicates

P IX.5 L 0-5 0.06 0.10
P XII.5 C 0-6 0.00 0.15
P XIII L 0-6 0.08 0.09
C I R 0-8 0.07 0.41

Matrix Spike Recoveries(_)

C I R 0-8 43 50
P XIII L 0-6 96 76
P XIIo5 C 0-6 74 80 A

P IX.5 L 0-5 63 76 Q

D.6



Table D.3. (Continued)

Q
Oil & Petroleum

Station, Section (ft) Grease Hydrocarbons

l-Statof CompositingDuplicates

WR IV R 6-11.5 0.07 0.00
P VIII.5 C 3.6-10.4 0.06 0.07
P IX.5 L 0-5 0.13 0.04
P XII B2 2-7.5 0.23 0.11
P XII.5 C 0-6 0.00 0.26
P XIII L 0-6 0.28 * 0.11
C I R 0-8 0.10 0.45

Analytical Duplicates (mg/kgdry wt)

P IX.5 L 0-5 18 13
P IX.5 L 0-5 16 16

P XII.5 C 0-6 15 11
P XlI.5 C 0-6 15 15

P XlII L 0-6 13 12

P Xlll L 0-6 Ii i0

C I R 0-8 16 18
C I R 0-8 14 7.5

RPD of AnalyticalDuplicates (-_)

P IX.5 L 0-5 11.8 20.7
P XII.5 C 0-6 0.0 30.8
P XIII L 0-6 16.7 18.2
C I R 0-8 13.3 82.4

I-Stat of Analytical Duplicates

P IX.5 L 0-5 0.06 0.10
P XlI.5 C 0-6 0.00 0.15
P XIII L 0-6 0.08 0.09
C I R 0-8 0.07 0.41

; Matrix Spike Recoveries (_)

C I R 0-8 43 50
P XIII L 0-6 96 76

-

P Xll.5 C 0-6 74 80P IX.5 L 0-5 63 26
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Table D.5. Spike Recovery Data for Silver, Cobalt, and Thallium

• '
Concentration (mg/kg)

SampI e Amount Amount Percent

Station, Section (ft). + Spike Samp_]e Recovered S_p__ke___ddRecovery

Silver

C I R 0-8 0.60 0.38 0.22 0.50 44
P XlII I. 0-6 0.54 0.09 0.45 0.50 90
P XII.5 C 0-6 0.52 0.08 0.44 0.50 88
P IX.5 L 0-5 0°50 0.06 0.44 0.50 88
P VIII.5 C 3.6-10.4 0.51 0.05 0.46 0.50 92
WRIV R 0-6 0.77 0.36 0.41 0.50 82
CB 4 A 3.8-11.4 0.49 0.09 0.40 0,50 80

Cobalt

C I R 0-8 24.6 19.2 5.4 5.0 108
P XIII L 0-6 23.3 18 1 5.2 5.0 104
P XII.5 C 0,6 22.0 16.2 5.8 5.0 116
P IX.5 L 0-5 23.1 17.8 5.3 5.0 106
P VIII.5 C 3.6-10.4 21.4 16.3 5.1 5.0 102

WR IV R 0-6 19.7 15.2 4.5 5.0 90CB 4 A 3.8-11.4 25.9 20.6 5.3 5.0 106

Thal I i um

C I R 0-8 5.93 0.77 5.16 5.00 103
P XIII L 0-6 5.94 0.62 5.32 5.00 106
P XII.5 C 0-6 5.32 0.46 4.86 5.00 97
P IX.5 L 0-5 5.20 0.31 4.89 5.00 98
P VIII.5 C 3.6-10.4 4.84 0.46 4.38 5.00 88
WR IV R 0-6 4,52 0.46 4.06 5.00 81
CP 4 A 3.8-11.4 4.18 0.61 3.57 5.00 71
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Table D.6. Quality ControlData "ForButyltin Analyses
(<:not detected above given detection
limit; N/A=not applicable; NS=not spiked)

Propyl Tin

Recovery Butyltin Concentrations (_g/kg dry) .
Sample __ (_) Tetra Tri Di MOnO Total

Detection Limits

Target DL N/A I0 i0 i0 I0 N/A
Lowest Achieved DL N/A 0.41 0.40 U.41 0.42 N/A
Maximum Achieved DL N/A 2.2 0.80 0°83 2.3 N/A

Method Blanks

I 66 <0.69 <0.69 <0.68 <0.70 0
2 71 <0.69 <0.68 <0.70 <0.71 0
3 53 <0.68 0.82 0.93 <0.71 1.75
4 113 <0,70 1.1 <0.72 0.75 1,85
5 90 <0.77 2.7 3.7 1.9 8.3

StandardReference Materials

PACS-I 52 <3.8 617 752 96 N/A

SQ-I 98 <i.6 58 5.3 <i.7 N/A 0

CompositingDuplicates

WR IV R 6-11,5 rep 1 45 <0.55 0.81 <0.55 <0.56 N/A
WR IV R 6-11.5 rep 2 63 <0.44 0,49 0.97 <0.46 N/A

P VIII.5 C 3.6-10.4 rep i 58 <0.50 <0.,49 0.57 <0.52 N/A
P VIII_5 C 3.6-10.4 rep 2 54 <0.60 <0.,59 1.1 <0.62 N/A

P IX.5 L 0-5 rep I 53 <0.48 <0.48 <0.48 <0.4.9 N/A
P IX.5 L 0-5 rep 2 71 <0,45 0.55 0.56 0.47 N/A

P Xll B2 2-7,5 rep I 45 <0.51 0,89 1.0 2.0 N/A
P Xll B2 2-7.5 rep 2 79 <1.6 2.7 11 3.1 N/A

P XII.5 C 0-6 rep i 42 <0.62 0.67 1.4 0.88 N/A
P XII.5 C 0-6 rep 2 60 <0.78 0,87 <0.77 <0.59 N/A

P XIII L 0-6 rep I 37 <1.8 6.1 12 3.3 N/A
P XIII L 0-6 rep 2 43 <0.57 <0.57 1.3 0.74 N/A

C I R 0-8 rep I 41 <0.60 1.7 2.6 0.74 N/A
C I R 0-8 rep 2 64 <0.81 2.9 1.8 I.I ,I/A

0
J
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Table D.6. (Continued)

0 PropylTin
Recovery Butyltin Species

Station ....(_) Tetra Tr_ D___i Mono Total

RPD of CompositingDuplicates (_)

WR IV R 6-11.5 33 N/A 49 N/A N/A N/A
P VIII.5 C 3.6-10.4 7 N/A N/A 64 N/A N/A
P IX.5 L 0-5 29 N/A N/A N/A N/A N/A
P Xll B2 2-7.5 55 N/A 101 167 43 N/A
P XII.5 C 0-6 35 N/A 26 N/A N/A N/A
P XIII L 0-6 48 N/A N/A 199 195 N/A

,C I R 0-8 44 N/A _52 36 39 N/A

l-Stat of ComPositingDuplicates

WR IV R 6-1,1.5 0 N/A 0.25 N/A N/A 0,29
P VIII.5 C 3.6-10.4 0 N/A N/A 0.3 N/A 0.3
P IX.5 L 0-5 0 N/A N/A N/A N/A i
P Xll B2 2-7.5 0 N/A 0.5 0.8 0.2 0.6
P XII.5 C 0-6 0 N/A 0.1 N/A N/A I

P XIII L 0-6 0 N/A N/A 1,0 1.0 iC I R 0-8 0 N/A 0.3 0.2 0.2 0.1

Matrix Spike Recoveries

C I R N/A NS 58 43 23 N/A
P XIII L N/A NS 60 71 45' N/A
P Xll.5 C N/A NS 52 68 53 N/A
P i×.5 L N/A NS 53 72 52 N/A

' P Vlil.5 C N/A NS 69 89 39 N/A
WR IV R N/A NS 99 76 82 N/A
CB 4 A N/A NS 60 53 33 N/A

®
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Table D.7. Base/NeutralSemlvolatileSurrogateRecoveries(,q_)

, •
Nitro- 2-FI uoro-

Station, Sect:ion (ft) benzene-d5 biphenyl Terphenyl-dl4

QC Accepta_.pceRange 23-120 30-115 18-137

West Richmond

WRVll C 0-5.5 44 49 94
WRVI L 0-4 44 59 83
WRV L 0-6 48 54 86
WRIV.5 C 0-4 55 73 69
WR IV.5 C 4-8 48 62 76
WR IV R 0-6 50 53 119
WR IV R 6-11.5 61 66 82
WR IV R 6-11.5 80 91 96
WR III L 0-6.6 54 55 111
WR III C 0-6.4 60 80 94
WR Ii L 0-6.9 37 54 ii0
WR I R 0-5.1 68 86 80

Pinole Shoal

P I C 0-3 34 55 102
P Ii C 0-4.3 34 37 54
P III L 0-3 70 75 II0
P IV R 0-8 57 58 92
P V L 0-8.4 32 34 72
P V C 0-8.7 49 o3 130
P V R 0-5 31 43 125

' P V R 5-10.5 36 40 67
P Vl L 0-5 39 53 73
P Vl L 5-11.6 45 58 128
P Vl C 0-9 34 34 41
P Vl R 0-5 31 29 34
P VI R 5-11.7 33 38 41
P VII C 0-5 43 40 40
P Vll C 5-10.1 38 44 74
P VIII L 0-6.6 53 57 55
P VIII L 6.6-9.5 48 43 66
P Vlll R 0-8 47 45 42
P VIII R 8-10.5 47 42 36
P VIII.5 C 0-3.6 28 36 59
P VIII.5 C 3.6-10.4 31 34 40
P VIII.5 C 3.6-10.4 47 43 60
P IX C 0-5 33 38 80
P IX C 5-11.8 54 53 56
P IX.5 L 0-5 60 78 113
P IX.5 L 0-5 25 33 56
P IX.5 L 5-10.1 66 81 129
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Table D.__7. (Continued)

'0 '

Nitro- 2-Fluoro-
Station, Section (ft) benzene-d5 biphenyl Terphenyl-di4

l llf ,L Jl l .,b.,.w' p

QCAcceptance Rancje 23-120 30-115 18-137

Pinole Shoal t cont'd

P X R 0-6 45 67 103
P X R 6-II,5 89 95 132
P X.5 C 0-5 57 66 101
P X.5 C 5-11 66 72 84
P Xl L 0-3.5 77 82 i01
P XII R 0-8.5 40 57 81
P XII RR 0-9.2 70 82 II0
P XII B2 0-2 76 97 96
P XII B2 2-7.5 78 99 104
P Xll B2 2-7,5 109 115 89
P Xll B2 7,5-12.5 98 115 126
P Xll BI 0-5 68 87 81
P Xll BI 5-11.1 77 97 81
P XII.5 C 0-6 36 43 101
P XII.5 C 0-6 37 53 90
P XII.5 R 0-5.3 49 59 68

P XII.5 R 5.3-11,1 25 43 102' P Xlll L 0-6 56 56 54
P XlII L 0-6 42 58 75
P Xlll R 0-5 76 78 75
P XlII R 5-10 50 52 69

P XlV C 0-4.5 51 69 86

Ca____uinez Strait

CB I 0-6.6 38 58 56
C I R 0-8 31 50 90
C I R 0-8 40 58 99
CB 4 A 0-3.8 80 95 113
CB 4 A 3.8-11.4 54 84 116
CB 5 0-4 69 65 73
CB 6 0-6.5 56 67 60
CB 7 0-3.1 61 61 59
C II C 0-4 97 104 91
C II C 4-6.8 66 61 51
C II R 0-2.4 51 62 84
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Ta__bleD,g, Quality Control Data for Chlorinated Pesticides and PCBs, 'i

Met,hod Blanks No compoundadebect,ed in any met,hod blank._

C..2mpos!b!ngDupllca_es: Ali compoundsunder,ect,sd In O set,s of duplicat, es; In P XlI B2, _.BHCwas (8.0 _/kg in
one ao.posit, lng dupllcmt,e and _1 /._l/kg in t`he of,her, SIrlc_ _BHC wna not, debecbed in bot,h dupllc_bea, it, wma

not, appropr.lmt,e t`o c. lcul.t`e bhe RPDand I.St, ab. Ttlts difference In coneenbrabton could be due t,o sample

heberogenelt,y, mabrtx wt'lablllby, or analybical reasons,

Anu_nu_t,lca(Dupl Ice, es' Al( compoundsundet,ect,ed In 6 sebs of dupl ica_es; In CB4A 5,8-11,4, 5-BHCwarn(B,O pg/kg

in one mnmlyt,ical dupilcabe and lg_/kg in _,heobller. Since &BHC w_mno_debect,ed in bot,h duplicabem, lt,

was not. mppropr)at,e t,o cmlculmie t,he RPDand I-St,ab. This difference in _onc_enbraf,ion collld be due bo _ample
het`erogenelt`y, mabrlx wrlablllt`y, or analyt, lcal reasons,

Ma_r,i,xSpike Compounds
Olbubyl- Lindane I,lepba- , kroclor

_Pi__keRecoveries (_... Chlorendabe I_8...BH_.chlo.._.._r kldr.._..InDi.eldr__..]i_End__..rrln4,4'-0D_ 1242

l

RC Acceptance Limt_ (ai 32-127 34-111 42-122 38-148 30-147 2B-180 3g-lfiO

WRVII C 0-6,6 Sg 45 45 43 64 58 BB 84

P IX,SL 0-8 92 91 B@ 100 100 Bg 100 102

P XII B2 2-7,8 8g 8g 7g gg Bg gl 9B gg

P XII,@R B,3-11,1 92 g4 BO 06 g8 10B 110 70

P XIIIL O-B 82 Ns(b) NS NS NS NS NS 8g
C I R _-8 ' 84 73 BB 70 g3 BO gO 78

CB B O-B,B 75 6g BB 77 g2 77 101 78

(a) Limtbs not` calculabed for fewer than aO recoveries (EPASWB4BWebhad8000)
(b) NS:Not`Spiked,
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