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SUMMARY 

The Battelle/Marir.e Sciences Laboratory {MSL} was con:racted 

by the U.S. Army Corps of Engineers, San Francisco District, co 

perform bulk sediment analysis and oyster larvae bioassays 

(elutriate) o~ sediments from I~ner Oaklar.d Harbor~ ca:ifornia. 

The sediment and water samples were collected by the consalting 

firms of Kennedy-Jenks-Chilton and Sea Surveyor under contract to 

ar.d supervision of the Port of Cakla~d. Analysis of sediment 

characteristics by MS~ indica~ed elevaced priority pollutants, 

PARs, pesticides, metals, organotins, and oil and grease 

concentrations, when compared to Alcatraz Island Dredged Material 

Disposal Site sediment cor.cent::-a::ions. 

Larvae of the Pacific oyster, CrassQsttea gigas, were exposed 

to seawater collected from the Alcatraz Isla~d Site~ elutriates of 

the Oakland sediments w~th Alcatraz Island Site water, a~d a 

series of controls using water and sediments collected from Sequim 

Bayt Washington. Exposure of larvae to the Alcatraz seawater and 

the 50% and 100% elutriate concentra~lons f=om each Oakla~d 

sedi:nent resulted in low survival and a high proportion of 

abnormal larvae compared to Sequim Bay control exposures. 

Evaluation of larvae survival and abnormalities in 10% elutriate 

concentrations revealed sig:r.ificant differences arr.o::.g the 

treatments. The analyses showed significantly lower survival and 

higher abnormalities at the Tcdd Shipyard stations than at 

Sch:-titzer Steel stat ior.s ccrnpared to Seq'Ji:r, controls. 

MSL also identified that field sample collection, 

preservation, and storage protocols used by Port of Cakla~d 

contractors were inconsistent w:~r. s:andard accepted practices. 

These inconsistencies included sto::-age of bioassay water .:ln 

plastic containers (a possible reason for the Alcatraz Island 

refe::-ence water toxicity}, freez:ng of co:lected sedi~ents, and a 

lack of preservation of sedi:nents fo::: sulfide and cyanide 

analysis. These variations caused invalid cyanide and sulfide 
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results and probab:y influenced the results of bioassay tests. The 

iaconsistencies are currently being discussed by MSL, ~he USACET 

San ?ra~cisco District, and the Californ~a State Water Resources 

Control Board. The objective of these discussions was to develop a 

brief sampling guidance document that will minimize ~hese types of 

problems in the future. 
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1.0 INTRODUCTION 

The purpose of this st:J.dy was to determine if sediments 

proposed for dredging from areas adjacent to Schnitzer Steel and 

Todd Shipyard in Inner Oakland Harbor of San Francisco Bay, 

CaLifornia, were in compliance with state a~d federal regulations 

for open water disposal at the U.S. Army Corps of Engineers 

Alcatraz Island Dredged Material Disposal Site. This assessment 

was based on chern~cal aJalyses of selected contaminants in 

sediments and on bivalve larvae bioassays that determined the 

relative toxicity of chemicals and particulates eluted from the 

sediments. 

This report describes the collection and navigational methods 

used by Kennedy/Jenks/Chilton, Pitcher Drilling, and Sea Surveyor; 

the results of the chemical a~alysis of the sediment and bioassay 

test; and QA/QC information on the chemistry and biologica~ 

samples. It also assesses the potential influence of specified 

collection techniques on i~terpretation of this information. 

Appe~dices A-G provide field collection hO~es; chain of custody 

for~s; information on eq4ipmen~ maintenance a~d calibration; and 

supporting data for bioassays, bulk sediment analysis, and 

chemical analysis. 
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2.0 MATERIALS AND METHODS 

2.1 SEDIMENT ANQ WATER SAMPLING METHODOLOGY 

2.1.1 Sampling Locations: Water and Sediment 

Six, 5-gal water samples were collected by Sea Surveyor from 

a water depth of approximately 25 ft off of Alcatraz Island 

{Figure 2 .1). The Sea Surveyor crew also collected sediment core 

samples at six locations within the Alcatraz Dredged Material 

Disposal Site in San Francisco Bay, California {Table 2.1). 

Sediment cores were also collected at three sites near Schnitzer 

Steel/Howard Terminal and at four sites near Todd Shipyard and 

Pitcher Drilling {Figure 2.2). The objective of Inner Harbor 

coring operations was to obtain sediment core samples equivalent 

to the proposed dredging depth of 44 ft below mean lower low water 

{MLLW). These cores were obtained on December 21, 1987 {Table 

2.2). The water and sediment samples from the Alcatraz Dredged 

Material Disposal Site were collected on December 30, 1987. 

TABLE 2.1. Alcatraz Dredged Disposal Site Sediment Sampling 
Locations on 30 December 1987. {Station identification 
number for the composite sample made from these cores 
is 878587.1 

California State Coordinates 
Station Water Depth(al 

A3 N 487' 105 E 1,444,388 48 
A4 N 487,286 E 1,443,753 57 
AS N 486,699 E 1,443,840 51 
84 N 486,930 E 1,444,991 43 
Cl N 486,615 E 1,444,789 48 
D3 N 486,349 E 1,444,472 54 

(a) Ft from MLLW. 
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:IllllLE z. 2 . Station :nformation for :::nner Oakland Harbor 
Sampling. 

Sedi:nent Core Battelle 
Area Statipc Date lima Depthffti lD Numbe.r, 

Schnitzer Steel Sl 21 Dec 87 0820 36-39 878435 
39-42 

Schnitzer Steel S2 21 Dec 87 0855 30-33 878436 
33-36 
36-39 
39-42 

Schn.:.t:zer Steel/ 
Howard Terminal 53 21 Dec 87 0950 38.5-41.5 878437 

41.5-44 

'l'odd Shipyard N 21 Dec 87 1015 32-35 878438 
35-38 
38-41 
41-44 

Todd Shipyard TS 21 Dec 87 1100 26-29 878439 
29-32 
32-35 
35-38 
38-41 
41-44 

Todd Shipyard T6 21 Dec 87 1212 32-35 878440 
35-38 

'!.'odd Shipyard T7 2:. Dec 87 1320 32-35 87844:.. 
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San Francisco Bay 

TRUE NORTH 

ALCATRAZ ISLAND 
DREDGED MATERIAL 

DISPOSAL SITE 

ALCATRAZISLAND 

FIGURE 2.1. Sampling Location Near Alcatraz Island Dredged 
Material Disposal Site 
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51 

17 
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SHIPYARD 

ALAMEDA 

N 

i 

FIGURE 2.2. Sampling Locations Near Schnitzer Steel and Todd 
Shipyards in Inner Oakland Harbor, San Francisco, 
California 
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2.1.2 Station Location Techniques 

The research vessel's position at the Alcatraz Island Dredged 

Material Disposal Site was determined using an E.S.P. Laser 

range/azimuth positioning system established at Monument 7 on the 

Municipal Pier. Sampling stations within Inner Oakland Harbor were 

located by measuring distances from existing structures with a 

rope marked at measured intervals. 

Soundings for water depth at the Alcatraz Island Dredged 

Material Disposal Site were made with a Raytheon DE-719 survey­

grade fathometer calibrated using a bar check method. Depths at 

the Inner Oakland Harbor sites were determined using a measured, 

weighted plumb line. All depths were corrected to MLLW using a 

tide table and tide board for reference. 

2.1.3 Samplins Devices 

Water samples were collected using a Teflon-lined Go-Flow 

discrete sampling water bottle. These water samples were placed in 

5-gal plastic containers. They were held without refrigeration 

until delivered to MSL in Sequim, Washington. 

Sediment samples from Inner Oakland Harbor were collected 

with a Shelby-tube piston sampler driven by water pressure. A new 

epoxy-coated Shelby-tube (2.5 ft x 4 in. diameter) was used each 

day. Before and between each use, these tubes were cleaned by 

scrubbing with brushes dipped in seawater collected from each 

site. The coring tool remained closed until the piston operation 

occurred. The core tube was opened at pre-specified depths within 

the sediment column. When the core barrel was opened, the water-

driven piston was activated and a 2.5-ft section of cored sediment 

obtained at specific sediment depths. 
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Sediment samples from the Alcatraz Island Site were collected 

in Lexan liners, which were contained in a Benthos Model 2171 

gravity corer. The sampler and the Lex an liners were stearr, clear:ed 

prior to use. 

2.1.4 Sediment and water Sample Protocols 

Water samples obtained at mid-depth (approximately 25 to 30 

ft} near the Alcatraz Island Dredged Material Disposal Site were 

s~ored and shipped in 5-gal plastic containers to MSL. Sediment 

co=e samples obtained at the Alcatraz rslar.d Dredged Material 

Disposal Site were retained in their Lexan core tube, capped with 

plastic lids, and sealed with d~ct tape. The tape, lids, and core 

lir.ers were marked with statio~ designation, sample r.umber, ar.d 

date of collection. These core liners were stored in coolers on 

"blue-ice." All sediment samples were then transferred to MSL 

where they were f=ozen and held f~om ~ecember 30, 1987 to Var.~ary 

5, 1988. 

Sediment cores from the Inner Oakland Harbor area were 

extruded from a Shelby-tube into new plastic garbage bags. These 

bags were then placed into a seco~d plastic garbage bag. Labels 

with station designation, sample number, sampling date, and depth 

within the sediment column were affixed on the outside and ir.side 

of t~e sample bags. These bags we~e placed in a cooler with "blue 

ice" and transported to MSL where they were frozen and held from 

December 21, 1987 to January 5, 1988. Appendix A includes the 

field notes and protocols for the sedimenc a~d water collections. 

The collection and handling of sediment and water samples was 

not always consistent with accepted protocols: 

• Sediment samples desti:'led for s',jlf.:_cte and cyanide analysis 
were not preserved with zinc acetate or sodium hydroxide 
pellets, respectively. This was inconsistent with accepted 
protocols indicated in Standard Methods (APHA 197 5) . 

.. Freezi:tg sediwe:tt after col :ectior: was r.o::. consiste:<t with 
the requirements i:t the Implementation Manual or Standard 
Methods \Peddicord 1977; APHA 1975}. 



• Placing sedimer.t samples ar.d water samples in plastic bags or 
jugs was not consistent with the Implerr.entation Manual 
(Peddicord 1977), P'.lget Sound Estuary Program (PSEP) 
protocols, Standard Methods or the U.S. Environmental 
Protection Agency (EPA) Handbook for Quality Control 
(Peddicord 1977; PSEP 1986; APHA 1975; Booth 1979). 

• The Implemer.tation Man'Jal calls for collection of 
representative disposal site water by obtaining approxireately 
1/3 of the water from directly below the surface, 1/3 from 
mid-depth and 1/3 from 1-m above the sediment surface 
{Peddicord 1977); this was ~ot the case. 

All sediment and water samples were shipped to MSL on January 

5th and were received on January 6, 1988. Inventories of the 

sarr.ples were conducted, and chain-of-custody sheets between the 

San Francisco-based labo=atories and MSL checked for accuracy and 

signed (Appendix B} . 

2.1.5 Sample Inyentc;-y and Use 

Copies of the chain-of-cCistody sheets delivered with the 

samples are contained in Appendix B. The inventory sheets prepared 

by MSL and additional chain-of-custody sheets fo= sa:r.ples 

delivered to other laboratories are also con~ained in Appendix E. 

2.2 S~PIMENT SAMPLE CQMPOSITING 

Sa:nples were composited by placing equa:.. volumes cf seaiments 

into a stainless steel mixing bowl. In the case of the Alcatraz 

Island sites, all the sediment from each core was placed into a 

single bowl. For the sediment col:ected :n Inner Oakland Harbor, 

equal volumes of sediment were composited from each of the depth 

fractions from the cores. The sediments were then stirred with 

stainless steel spoons ll:lti2. the color and texture of the rr.ix::.ure 

appeared evenly distributed. Care was taken during the mixing 

process to avoid scraping the sides of the stainless steel 

container. Prior to mixing, each of these strata were 

qualita~ively characterized for color, odor~ sediment coarseness 

and any obvious characteristics (Tables 2.3a and b). The core 

9 



length was also determined in the case cf the Alcatraz sediment. 

This composite mixing strategy follows PSEP protocols 1 which are 

consistent w-ith the intent of :.he Implementation Manual tor 

preparation of uncontaminated sediment mixtures for use in 

chemical and biological testing {PSEP 1986; Peddicord, 1977). 

Notes on sediment compositing are presented in Appendix C. 

2.3 BIOASSAY TEST ORGANISM INFORMATION 

2.3.1 Test Organism Selection and Rationa:e 

The o=ganisrn selec~ed for toxicity testing was the Pacific 

oyster, Crassoscrea ~igas. Mortality of larvae and the percentage 

of abnormal larvae produced by exposure to s:1spended particles or 

elut:riates of sediments were selected as the cr:.teria for 

evaluation of potential biological effects. This biological ~est 

of el"Jtriate toxicity was requested by the USACE 1 San Francisco 

Distric~, and is ~or.sistent with standard eva:uations of 

contaminated sediments proposed fo:r disposal. The techr.ique has 

been described and r:todified in various documer.ts {APHA l985; ASTM 

1985; PSEP 1986; Peddicord 1977). 
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TABLE 2.3a. Descriptive Characteristics of Alcatraz Dredged 
Disposal Site Sediment Fractions. 

Station Area 

A3 Alcatraz 
A4 Alcatraz 
AS Alcatraz 
84 Alcatraz 
Cl Alcatraz 
D3 Alcatraz 

Sample 
Number 

878581 
878582 
878583 
878584 
878585 
878586 

(a) Odor Code: 0 = no odor, 1 
chemical 

Core Length 
lin. l 

10.00 
9.25 
8.75 
9.50 
9.25 
9.75 

Descriptive 
Characteristics Odor(al 

Dark gray silty sand 0 
Dark gray silt/clay 0 
Dark gray silty sand 2 
Dark gray silty sand 2 
Dark gray silty sand 0 
Black silt 0 

moderate petroleum, 2 = moderate 

TABLE 2.3b. Descriptive Characteristics of Oakland Inner Harbor 
Sediment Fractions. 

Station 

51 Schnitzer 

52 Schnitzer 

53 Schnitzer 

T4 Todd 

TS Todd 

T6 Todd 

T7 Todd 

(a) Odor Code: 0 
chemical 

Sample 
Number 

878435 

878436 

878437 

878438 

878439 

878440 

878441 

Core Length 

36-39 
39-42 
30-33 
33-36 
36-39 
39-42 

Descriptive 
Characteristics 

Gray-green sandy silt 
Gray-green sandy silt 
Black-gray sandy silt 
Black sandy silt 
Black-gray sandy silt 
Gray-green fine sand 

38.5-41.5 Gray sandy silt 
41.5-44 

32-35 
35-38 
38-41 
41-44 

26-29 
29-32 
32-35 
35-38 
38-41 
41-44 

32-35 
35-38 

32-35 

Gray-black sandy silt 

Black silt/sand 
Compacted black silt 
Compacted black silt 
Light brown fine sand 

Brown-gray sand/silt 
Black silt 
Black silt 
Black silt, shell 
Black silt 
Black silt 

Silt and coarse sand 
Silt and coarse sand 

Black silt 

no odor, 1 = moderate petroleum, 2 moderate 
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Odor (al 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 

1 

l 
l 
1 
1 

l 

0 
0 

0 



2.3.2 Life History of Crassostrea gigas 

Crassostrea qigas, the Pac~fic oyster, is a b~valve ~cllusc that 

typically lives in the intertidal and shallow subtidal of estuarine 

environments of the western Pacific Ocean. It is an ideal mariculture 

organism and has been transport.ed and cultured throughot:t the WO:!:'ld. !t 

grows to lengths in excess of 14-in. in subtropical seas. It will gro~ 

in temperate seas, but does not reproduce well in these colder waters. 

Typically, the oysters become laden with spawn during July and August 

and release that spawn wher. s'Jrrounding water reaches temperatares of 

67'F (20°C) . Normal larval growth then requires a water temperature of 

68°F or higher for a period of 3 weeks, At. that point, the larval 

oysters settle tc hard subs~rate {e.g., shells, rocks, etc) where ~hey 

begin their sessile life {Quayle 1969) . 

The mariculture industry has produced an extensive body of 

in!ornaticn en the life history of this organisrr: and the ct:.lture r:o.et.tcds 

required to successfully maintain this l!ldustry {Quayle 1969) . As 2 

result, it was possible to adapt these well-developed procedures to the 

evaluation of contam.ina:r.t toxicity contained in elutriates of dredged 

material. This test adaptatior. has been used by SPA, the USACE, and 

various state agencies (Peddicord 1977; PSEP 1986; APHA 1985; ASTM 

1985}. The portion of the mariculture proced~res adopted for toxicity 

evaluation is the period from post-fertilization to fully shelled larvae 

(D-cells or prodissocor:.ch I). This procedure occurs at 20°C during :.he 

first 48 h of embryonic lifei failure to develop to this stage can 

rest.:lt 1n nortality or abnormal developmer.t. Both of tl:ese 

characteristics were evalua~ed ir. the toxicity experineJts. 

2,4 BIOASSAY METHODOLOGY 

2.4.1 Stud::t Design 

The design used was a completely randomized test involving seven 

test sediment elutriates f'rcm Inne;::" Oakland Harbor, one refe::::e!'":ce 

sediment elutriate from ~he Alcatraz rs:and Dredged Material Disposal 

Site 1 and two control sediment elutriates from Sequim Bay, Washington. 

The sediment was mixed (dilu::.ed} with either Alcat_raz Island D::::edged 

Na<:erial Disposal Site referer.ce water \ARW) or Seq:Jim :say seawa.ter 
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(SBSW), and the resulting elutriate, referred to as the suspended 

partic4late phase (SPPJ, was used in the bioassays. Each sediment 

treatment consisted of three rep:icate :-L expos~re jars contain~ng 600 

mL SPP, which was either undiluted (100%) or diluted to 50% or 10% 

concentratio~ with reference water from the Alcatraz Island Dredged 

Material Disposal Site. OLe Seq~i~ Bay control sedi~ent elutriate was 

diluted with ARW, while the other was diluted with 0.45-~m filtered 

SBSW. Water-only controls were also run on the Alcatraz reference water 

and Sequim Bay seawater. The total ~~~ber of exposure jars was 99. The 

num:Oer of exposure jars per dilution and treatmem: is depicted in -:'able 

2. 4. 

Exposure jars were placed randomLy on a water table with 

dimeLsions of 1.5 m x 5 m x O.l m contaiLing a freshwater bath deep 

enough to submerge the jars to the 600 mL water mark. Water-bath 

temperature was controlled at 20 ± l°C, Light- conditions controlled 

with a time:::- provided 8 h of day.:.ight and 16 h of r,ight. A:l exposure 

jars were aerated prior to and during the bioassay test. Bioassay test 

conditions and related equipment are discussed in Sectioas 2.4.6 and 

2.4.7. 

2.4.2 P~eparation of Labware 

Ft:lfilling the require:nent that a:a glass or Pyrex labware was to 

be ex~remely clean \Peddicord 1977), a:l glassware was washed in a Fc:::-~a 

Laboratory Dishwasher with Forma soap solution. This washer was set to 

rinse the labware three times with dot:ble-distilled water and dry with 

hot alr. After this process, labware was rinsed wi~h lC~ ni~ric acid 

(HN03}, placed back in the Forma Dlshwasher, and run through the double-· 

distilled rinse-only cycle again. This cycle rinsed the glassware an 

additiona.l three times. Exposure jars were fitted with Teflo:1-:ined :..ids 

tha:. had been rinsed three times with methylene chloride and air dried 

under a laboratory hood, 

Stainless steel utensils were washed before i.lSe with ho: soapy 

water, rir.sed, ther, rinsed three times with deionized water, and fi::.all:l 

rinsed with methylene chlor·ide and air dried under a laboratory hood. 

These procedures are cor:sis:.er:t ·wit:h glasswa:-e cleaning p::-oto:::c:..s 

ou::lined :in the r~ple!r.er:tatio:r: ~anual (Peddicord :'..977). 

13 



TASLE Z.4. Experimental Design for the Number of Exposure Jars Pe= 
Dilution and Treatment. 

Treatment Station 

878435 Sediment Sl 
878436 Sediment S2 
878437 Sediment S3 
878438 Sediment Tl 
878439 Sediment T2 
878440 Sediment T3 
678441 Sediment T4 
878567 Sediment Alca::.=az 
Reference Water Alca:::.raz 
Sequim Bay Seawater 
Sequim Bay Sediment (a) 
Sequim Bay Sediment (b) 

(a i SBRW, Sequim Bay sedircenc: 
water. 

(b) SBSW, Sequim Bay sediment 

St:spended Parriculate ?base 

.l2lli . 2\ll lJll. 

3 3 3 
3 3 3 
3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
3 3 3 
0 0 0 
0 0 0 
3 3 3 
3 3 3 

di:.uted with Alcatraz reference 

diluted with Sequim Bay seawater. 

Sea 
water 

3 
6 



2.4.3 Preparation of Suspended Particulate Phase CSPPl 

The SPP is the liquid supernatant created by mixing water 

with the test, reference, or control sediment. This water 

contained the suspended particulate and dissolved phase of 

chemicals eluted from the sediments. The oyster larvae were 

exposed to three concentrations of the SPP. Standard SPP 

preparations used during the bioassay included 100%, 50%, and 10% 

concentrations. Procedures for preparing the SPP are found in the 

Implementation Manual (Peddicord 1977) . 

The SPP was prepared by volumetrically adding 720 mL 

(approximately 1300 g) of wet sediment and 2880 mL of reference 

water (Alcatraz or Sequim Bay seawater) to a clean 1-gal jar, 

resulting in a final volume of 3660 mL. The 4:1 water/sediment 

slurry was stirred continuously with a clean stainless steel spoon 

for 30 min to ensure that all the sediment was in suspension, then 

the slurry was allowed to settle for 1 h. 

Because the test, reference, and control sediments were 

composed of fine material (primarily silt and clay), little 

material settled after the 1 h period. The slurries were 

transferred to a 4°C cold room for storage, and the amount of 

material settling out was measured daily. After 2 days, only a few 

of the slurries had settled enough to yield the required volume of 

SPP for bioassay purposes (2880 mL). Typically, the jars contained 

less than 1 L of relatively clear SPP, about 2.5 L of water/fine 

material suspension, and about 0.5 L of settled sediment. Low­

speed centrifugation, as allowed by the Implementation Manual, was 

necessary to obtain sediment settlement that allowed the test 

organisms to be visible during the bioassay and to provide the 

required volume of SPP. This was accomplished by pouring off the 

clear SPP and water/fine material portions into clean 250 mL 

centrifuge jars and centrifuging for 15 min at 1750 rpm (740 g) 

After centrifugation, the overlying water (SPP) was poured off 

into a clean gallon jar and used in the bioassay. 
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For each sediment treatment# three exposure jars were filled 

with 600 mL SPP (100% concer.tration), three were filled with 300 

mL SPP and 300 m:. Alcatraz Reference or Sequim Bay seawater (50%), 

and three were filled with 60 mL SPP and 540 mL Alcatraz re renee 

or Sequim Bay seawater {10%}, The centrifugatior'l and dilution 

process was repeated for each reference or control sediment. 

2.4.4 Oyster S~awnipq Technique 

One dozen conditioned oysters were obtained from a loca1 

hatchery or. the day of the test. ~hese animals had been held in 

25~ salinity water at 20°C for approximately 2 months and fed 

cultured algae maintained at the hatchery. At MSL, the animals 

were placed in individual Pyrex baki~g dishes (:5 em x 250 em x 15 

em) containing 25~ S3SW at 20eC, and attempts to induce =hem to 

spawn were made by gradually increasing and decreasing the water 

bath temperature s~rrounding them from ~0 to 30°C. This proced~re 

was not effective. 

The alternative procedure employed for this test was to sever 

the adductor musc~es and slice open ~he gonads. After this 

process, microscopic examination of the gametes was used to 

determine sex and state of egg development. in the oysters. Eggs 

that were pear shaped and semen from individuals that had actively 

mov~ng sperm we~e mixed in a ?yrex beaker con:aining 1.5 L of 25~, 

0.45-J.Lm filtered SBSW and incubated at 20°C for l h. After 1 h, 

fertilization success and was determined by microscopic 

examination. 

2.4.5 Estimation of Errbryo Qensit¥ 

Larval density was determined by rerr;oving a l-mL aliquot fro;n 

:.t.e graduate cyl.::._nder and di.luti:-og ::.r.is ::o a fi:-tal vol:;;r,e of 10 mL 

with seawater (lOx dilution). Three, 0.1-mL samples of this 

mixture were placed in a hemocytometer cell and examined under a 

microscope. Each exposure jar was i:-~oculated with 2C,OOO oys~er 

larvae, based oa the density of developing eggs observed in t-his 

evaluation. Immediately after inoculation, two 10-mL subsarnples 

were taken from each of the six MS~ seawater control jars, fixed 
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with formalin, and counted to determine the actual density per 

milliliter of the larvae at bioassay initiation. 

2.4.6 Test Conditions and Duration 

Test conditions during the bioassay were designed to mimic 

expected natural conditions. Water bath temperature (and exposure 

jar water temperature) were maintained at 20°C, varying less than 

1°C during the bioassay test. Exposure jars were aerated before 

and during the tests, providing 80% to 100% oxygen saturation. 

Prior to SPP preparation, the salinity of ARW and SBSW was 

corrected to 25~ by adding deionized water. Salinity in each 

exposure jar was initially corrected to 25~, if necessary, and 

varied less than 1 ppt during the test. The pH was measured but 

not corrected. The duration of the test was 48 h. 

2. 4. 7 Water Quality OA/OC and Inst rumen tat ion 

All exposure jars were placed on the water table 1 day before 

the test was initiated. After approximately 4 h of equilibration 

and aeration, all jars from each treatment and dilution water jars 

were checked for dissovled oxygen (D.O.), pH, and salinity. Water 

bath temperature was controlled by a Thermar (1500 watt, 120 v) 

quick recovery water heating system integrated to a Thermistemp 

temperature controller Model 71A manufactured by Yellow Springs 

Instrument Company. Temperature was monitored at three locations 

on the water table before and during the bioassay. Just after test 

termination, water quality conditions were again recorded. The 

results of these observations are presented in Appendix B. Water 

bath temperatures were measured with a Kessler 0-30° thermometer, 

calibrated against an ErTco FC-36486 Laboratory Standard 

thermometer at 20°C, pH was measured with an Orion Research Model 

701A pH meter, calibrated with Ricca Chemical Co. pH 4, 7, and 10 

Buffer. Salinity was measured with an American Optical Corporation 

Refractometer, calibrated with I.A.P.O Standard Seawater P46 with 

a chlorinity of 19.377~ (salinity of 35.0~). Dissolved oxygen was 

measured with a YSI D.O. meter Model 57. The thermometer and 

refractometer are calibrated on a monthly basis and were 
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calibrated prior to the begin~ing of the experiment, while the pH 

a~d D.O. meters were calibrated before each use. Calibration 

records are presented in Appendix G. 

2.4.8 Determination of Relative Surviyal and Percent Abnormal 

At the end of the bioassay, three 10-mL subsamples were 

obtained from each exposure jar. These 10-mL subsamples were 

collected in the following mar:ner. A perforated pl·,mger, whose 

large flat surface was placed para~le: to the bottom of the tes~ 

container, was moved up and down to swirl and evenly distribute 

the larvae into the water column. During this process 1 thre 10-mL 

subsamples were drawn from each container. Each of these 10-mL 

st:bsamples was placed into individual 50~mL ce:ttrifuge tcbes 

containing 10 mL of seav.·ater soL1tion of 4% neutral formalin to 

fix the larvae. 

Relative survival and percer.t abnormal were determined after 

centrifuging each 50-mL centrifuge tube for 5 min at 1750 rpm 

(approximately 740 g). This consolidated the larvae near the 

bottom of the tube. Pipetting off the larvae and water at the 

bo~tom of the tube (approxi:nately 2 :nL) ensured that over 99% of 

the larvae were captured. Each. 1-:r.L sa:r.ple was transferred to a 

Sedgewick-Rafter Cell and sco=.-ed for ::otal :1umber, normal 0-ce.:.l, 

blastula and abnormal larvae on a compou~d microscope at lOOx 

magnification. Survival was estimated by comparing total observed 

larvae in each centrifuge tube to stocking density results from 

con~rol containers at test initiation, Abnormality incidence was 

deterrdr.ed as percer:t of abr.crnal.s ir. ::elation to total observed 

larvae. 
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2.5 CHEMISTRY MEIHODS 

2. 5 .1 Priorit:t Pollu":.ant Poly:n;c2.ear Aro;natic Hyd;-ocarbons, 
eesticides and PCBS 

Sixty-five polynuclear aromatic hydrocarbons (PAHs) were 

measured by Analytical Resources, Inc. using EPA-CLP-approved 

p;-otocols (Method 625), nodified as fol:ows {40 CFR Part 136 

1984) : 

• Analyzed sample weight was increased to a minim~m of 50 g to 
obtain lower detection limits. 

• GPC (gel permeation chromatography) cleanup using EPA-CLP 
protocol was performed on all samples. 

The quali~y assurance/qua:i~y con~~ol QA/QC of the 

measure~ents on these samples ir.cl~ded ar.alysis of a method blank, 

Standard Reference Material SQ-l from the National oceanic and 

Atmospheric Administration (NOAA), ~riplicate aJalysis of the 

Alcatraz Island reference sa;r.ple, ::r.atrix spike ar.d :r.atr.:.x spike 

duplicate for the Alcatraz. Island reference sample, and a 

d~plicate analysis of Todd Shipyard sample number 878439 

{desig:'l.ated TSa and b) . Confirna:::on of ::es'Jlts or. a .second GC 

column was performed, 

Nineteen priority pollutant pesticides and five Aroclor PCBS 

were analyzed in each sedimer.~ by Ana:ytica: Resources~ :nc. using 

approved EPA-CLP protocols {Me~hod 608) modified as follows (40 

CFR Part 136): 

• Ana:yzed sample weight was inc!:'eased to a minim'Jm of SO g 
to ob::ain lower detection limits. 

• GPC (gel permeation chromatography) cleanup using EPA-CLP 
protocol was per:for:r.ed on all sanples. 

• Final vohr:r.es were reduced to : :rL, instead of the normal lQ 
mL, to provide lower detection limits for the pesticides and 
PCBS. 

The QA/QC of tl:e :r.easuremen:s ;;~ -:hese samp::.es were obtained 

through the ana:ysis of a method blank, Standard Reference 

Material SQ-l from NOAAr triplicate analysis of the Alcatraz 

Isla!'ld :-eference sample, matrix spike a!'ld mat,::;ix spike d'.Jpl'tcate 

for the Alca:raz Island reference sample, and a dup:icate analysis 
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of Todd sr.ipyard sample ~~mber 676439 (desig~ated T5a and b) 

Co~firmation of results were performed on a second column. 

Appendix F contains the resul~s of t.he QA/QC measurements for "':he 

priority pollutant PARs, pesticides, and PCBs. 

2.5.2 Metal and Metalloid Analysis 

Metal and metalloid concentrations were determined throagh 

=our proced~res. The majority of the metals (As, Cr, C~, Pb, Ni, 

a:td Zn) were measured throagh X--=:-ay Fluorescence. Merct;.ry (Hg} .,.,,as 

analyzed with cold vapor atomic absorption spectrophotometry. 'The 

Sb, Cd, Se, Ag, and Tl were analyzed by atomic absorption 

spectrophotometry, Organotin compounds were analyzed by Gas 

Chromatography~Mass Spectrometry (GCMS) . 

XRF Anal:.;rsis 

Energy diffusive x-ray fluorescence analysis (XRF) was 

performed at Pacific Northwest Laboratory (PN~}, Richland, 

Washington. Approximately O.S g of sediment was pressed into 2 em 

diameter pellets prior to analysis by XRF. This technique does not 

require dissolution of the sediment, a:1d :::herefore, is not prone 

to the prob:em o:!: underestinat:_ng the concentrations of Cr and t~i 

(difficult to recover from acid digest :.ons) , Therefore, the XRF 

techr:ique is fast, accurate-, precise, and cost effective. Several 

elements (AS 1 Cr, Cu, Pb, Ni, and Zn) were quantified 

simultaneously. The calibration techniques are described by 
Nielson and Sanders (1983), This technique is recognized by the 

Natior:al Bureau of Standards {NBS} for the analysis of metals ir. 

sediment matrices, and the researchers at PNL provide NBS 

quantitation of sartples ::.o verify conce:1trations in standard 

reference materials. 

Blank values for XRF analysis were not included in Appendix F 

because .x-:rays are not produced unless a sample is analyzed. 

However, the detection limit in sediment is about 1 IJ.g/g based on 

a two-fold standard deviation of mean cou:1ts for a sample '::hat 

contains a low concentration of ar. element (Nielson and Sanders 

19831. Spike recoveries were not co:1ducted for the ~etals analyzed 

by XRF because it is not possible to mix solu:ions of metal 
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homogeneously with dry sediment. Instead of conducting matrix 

spikes, two additional certified referer.ce sediments were 

ar..alyzed. 

Atomic Absorption Spectrophotometer Aoal~sis 

Atomic absorption spectroscopy was perfor:r.ed on s~diment 

extracts to determine the concentrations of Sb, Cd, Se, Ag, and 

Tl. Sediment was freeze-dried and blended in a Spex mixer-mill. 

Approximately 4 g of this mixed sediment was then ground in a Spex 

ceramic ball mill. The 0.2-q aliquots of this dried ~omoger.ate 

were digested with 4:1 nitric acid/perchloric acid in Teflon 

digestion bombs. Af~er these samples were allowed to cool, 

hydrofluoric acid was added and the diges~io~ bombs were p:aced in 

a 130°C oven for 8 to 12 h. Boric acid was then added the next day 

to these solutions, and the bombs were returned to the oven for 8 

h. After coolir.g, solutio:::1 volumes were determ_:_r.ed, and the 

solutions were stored ir. polyethylene bottles until analysis was 

performed. 

':'.he QA/QC of metals analyses rur: ur.der atomic absorption 

spectrometry were accomplished by pe~fo.:::ming spike/recovery 

analyses using sediments from Alcatraz Island and also Todd 

Shipyard sample m.:mber 878439 {designated TSa and b). Standard 

reference materials :646 aad ?A::::S-1 we!."'e also rar. to determine -.:he 

accuracy of the analyses. Todd Shipyard sample number 878439 was 

measured in duplicate (T5a and b) to::: dete=minatio::l of laboratory 

precis:.on in methods, These data are available in Appe:l.d.ix F. 

Mercury concentrations were de~er~ined through cold vapor atow.ic 

absorption using, as a detector~ a Laboratory Data Control {LDCI 

mercury monitor w.:.th a 3-::::r;: ::::e.:.l a$ ir;dicated in EPA ?.rotocol 747:. 

and modified by Bloom and Crecelius :1983}. The remaining :tr.eta.:.s 

(Sb, Cd, Se, Ag, and Tl) were analyzed on a Zeeman graphite­

furnace atomic abs::>rption spectrometer using Methods 7041, 1131. 

7740, 7760, 7841 (EPA SW 846 :9861. 
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Organotin Analysis 

Sediment extraction for the o=gar.ctin analysis consisted of 

w·eighing appro::drr,ately 10 g wet sediment into a 1.25-mL solvent­

cleaned glass jar. This sedlment was mixed thoroughly with 

approximately 200 g of anhydrous sodi'..l:r. sulfate to remove the 

water withlr:. the sedi:r.ent. !-!ethyle:1e chloridC (llO mL) and 0.25 g 

of tropolone were then added to the container. This mixture was 

rolled for 12 h, and the liquid portion decanted through silanized 

g.:.ass wool to renove partic.:.es. :'he contcL:.r.er was then rinsed 

"':.hree ti:nes with additional methylene chloride and the resulting 

fluid saved for further preparation. 

The mono-, di-, and tributylti:1 corr.pocnds extracted fron the 

sediment were derivatized with n-hexyl ~agnesium bromide to a less 

volatile and more thermally stable form than the organotin 

hydrides (Unger et a!. 1986). This cteriva:::.ve is i!l the tetra­

alkylti:1 fom ar.d was qcantified by GCMS, The n-hexyl derivatives 

of butyltin species were separated and quantified relative to the 

surrogate standard1 tri-propyltin. 

The QA/QC of the samples ir.cluded internal surrogate 

standards spiked before extraction and internal standards spiked 

after extraction to evalcate the efficiency of the technique. 

Duplicate measuremen:s were made en Schnitzer Steel sed~me~t 

sample nurnber 878435 (Sl). Standard reference materials from Moss 

Landing Intercalibration Standards were also analyzed to determine 

the accuracy of the methodology (Tables 0.3 and D,4), 

2.5.3 Total Organic Carbon Analysis 

Total organic carbo~ i~ sedi~ent was determi~ed by ~Test 

using a nondispersive infrared :-neas"Jr:ement of carbo:1 d_ioxide 

released from the organic carbon during combustion of the 

sedi:nent. Inorganic carbonates were released ::rom the sediment 

sample prior to com.b'.lst:.:on through cse of HCL. The apparat'.lS used 

for the measurement of carbon dioxide was a Dohrmann DC-180. This 
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method is consis~ent with PSEP (19861 and Standard Method 505 

(APHA 1975). 

2.5.4 Oil and Grease Analysis 

Sedime~t extractio~ for total oil and grease was accomplished 

by weighing approxima:ely 20 g of sediment i~to a solvent-ri~sed 

25-mL jar. Approximately 4C to 50 g of sodium sulfate was added to 

the sample and ~omogenized with the sediment to absorb any water 

from the sedimer.ts. Then 50 mL of carbon tetrachloride was added 

and stirz-ed ir.to this mixture. 1'he sample was immediately placed 

on a sample roller for 16 h to completely ~ix the reagents wit~ 

the sediments. Af~er 16 h, t~e sample was removed from the ro:ler 

and the carbon tetrachloride poured into a solvent-rinsed cor.ical 

vial. An additional 50 mL of carbon te~rachloride was added to the 

sediments, and the sa~ple was rolled an add~tional 6 h. This 

seco:1d extraction has been showr. to assure 90% extraction 

efficiency for various sedi~ent matrices n.zord et al. 1987). These 

two extracts were combined and :n~;;asured to the nearest milliliter. 

Two separate scintillation vials were filled for ana:ysis on the 

IR instrument, a Beckman Accu:ab 4 :nfrared Spectrophotometer. 

The sample was scanned frcm 400C cm-1 to 600 cm-1, afid the 

peak height was measured a: 2930 cm-1. This wavelefigth represents 

the CH2 configu:.:at.ions of hydrocarDons and is the standard "JSed for 

the determination of oil and grease. Oil and grease may include 

hydrocarbons, fats, fatty acids, soaps, waxes, oils, and any other 

carbon-hydrogen ma::.erial tha:. is ex::.rac:.ed by the carbon 

tetrachloride sol vent. The .r-e1at ior.ship of peak height t..o the 

concentration of Alaska North Slope \ANS) crude oi.: was deterrr.ined 

by regressing the peak height versus a known concentratiqn of 

crude oil (EPA-API Re!erer.ce Oil WP 681). This rnet.hod is 

consiste~:. with Method 502 B (APHA 1975J. 
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2.5.5 Cyanide Analysis 

Cyanide measuremen::.s were cor.duc::ed on a Schmadzo 

Spectrophotometer using EPA Method 335.3 protccols {EPA 1979). The 

results may be suspect, as collected sediment was not treated with 

sodium hydroxide pellets as a preservative at the time of 

collection. Lack of preservation ca~ result in the destruction of 

cyanides, resulting in an underestimate of their concentrations. 

2.5.6 Total and Dissolved Sulfide Anal~sis 

Total sulfide measurements followed the PSEP total sulfide 

distillation and colorimetric procedure, comparable to EPA Method 

376.2 (PSEP 1986; EPA 1979). Dissolved su:fide measurement 

followed methodology se:: forth i:t G::ee::: a~d Schnitker (1974}. 

Again, established protocols were not followed in relation to 

sediment preservationt as the zinc acetate preservative solution 

reconrne!lded :.n PSEP and EPA ne:.hodologies was not added {PSEP 

19B6; EPA 1979). Lack of preservation can result in either the 

production or loss of sulfides prior to measurement. 

2.5.7 G=a~n size Analysis 

Grain size was evalua~ed by measuring the mass of material 

collected on seven sieves and also the mass of material that had 

se:.t!ed to 20, 10, or 7 em i~ a 1-L gradca~ed cy:inder at specif~c 

time periods. 'The size of the ;naterial is either larger than the 

specified sieve size opening or was determined for the pipette­

co..:.lected material based on Stokes Law :J.Si~g the time and depth at 

which. ::he samples were collected (Table 2. 5} . Mass was dete::-m.ined 

after the samples had been dried by weighing the material to the 

nearest 0.1 j.lg on a Metler AC-100 electronic balance. This :nethoct 

is consistent wit::,. PSEP rr,ethodc::..ogy \PSEP 1986). 
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:IA:E.H~E 2 • 5. Size Fractions of Sedirr.ent Grain Size Measured by wet 
Siev-ing of Sediment or Thro·.:~.gh Pipette Techniques 

Grain Size Screen Pipette Depth Time 
(rnm) E.hi t)u-mbe= £em) H Min 

3.35 -2 6 na na 

2.0 -1 10 na na 

::..o 0 lB na na 

0.5 35 na na 

0.25 2 60 na na 

0.125 3 120 na na 

0.0625 4 230 20 0 0 

0.0480 4.5 na 10 0 0 

0.0312 5 r.a :o 0 1 

0' 0230 5.5 na 10 0 3 

0,0156 6 na 10 0 7 

0.0078 7 na 10 0 31 

0.0039 8 na 10 2 3 

0.00:9 9 na 7 5 43 

0.000976 10 na 7 22 53 

0.0004883 11 na 5 65 25 

na = not applicable, 

2.5.8 Statistical Analysis 

Two-way fixed-effects c:ross-classif:led analysis of variance 

(ANOVA) was used to examine the sources of va=lation for both the 

total number of larvae observed in all treatrr.ents and the 

proportior. of abnormal (non-D stage as nurcber abnormal/larvae 

p~oduced) in the treatments. For each variable, a separa~e 

analysis was conducted !or: ::.) conparison of the SBSW and ARW 

effects with Sequim Bay sedimer.ts 1 and 2) comparison of all 

station sedimer.ts wi:.h Jl_J:{N. 

The model used for the first &~OVA included the two main 

effects !or diluent wate:.· sour:::e (Sequim Bay o::: Alcatraz Island), 
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percent of el~triate in exposures, and the two-factor interaction-­

water source by percent el:Jtriate in the exposure. The model used 

for ~he second ANOVA included the two main effects for sedime~t 

sourceT percent elutriate in exposures, and the two factor 

~nteraction--sediment source by percent elutriate e~pos~re. Both 

ANOVAs used the residual mean sun of squares for cesting the 

significance of the interactions and ~ain effects. 

To examine the Sequim Bay and Alcatraz sediments separate:y, 

a two-way cross classified ANOVA sird!ar to those already 

mentioned was also performed for each variable. Final:y, a one-way 

P~OVA was performed to examine only the 10% elutriates for each of 

the stations for each variable. 

For all ANOVAs, the variable "total number of observed 

larvae" was transfor::r.ed to the natural logarithrr: to stabilize the 

variances within sediment sources. (The variable "propon:ion of 

abnormal larvae produced" was transfor:r.ed to the arcsine square 

root of ~he proportion of abnormals.) Examination of residual 

plots suggested that these transformations were adequate for 

meeting the ass',lmptions of analysis of var3.ance. 

26 



3.0 RESULTS 

3.l LARVAL BIOASSAY 

The null hypotheses evaluated by ANOVA on the results of the 

bioassay experiments were as follows: 

1. There are no signi!ican~ differences in the number of larvae 
surviving in treatmer:::s :.1si!'l.g SBSW or ARW. 

2. There are r.o significant ct:fferences in the percentage of 
abnormal larvae produced in treatments using SBRW or ARW. 

3. There are no significa!'l.t differences in the number of larvae 
surviving in treatme:r.ts using ARW wher: mixed with Sequim Bay 
sedimer.t or Alcatraz Island sedime!'l.t. 

4. There are no significant differences in the percentage of 
abno=mal larvae prod~ced in trea:men~s using ARW when mixed 
with Sequim 3ay sediment or Alcatraz Island sedimer.t. 

5. There are no sig~ificar.t differences iL the r.umber of larvae 
surv:.!.ving in sedimer:t treat:nents based on ~he concent:::atic:1 
of the elutr:ate in the test water. 

6. There are no significant differences ir. the percentage of 
abr.ormal larvae produced ir: sedi;nent treatments based on the 
co:1centratio:I of the el·,.1tria::e in the test water. 

I. There are no significant differences in the number of larvae 
surviving in sed.iment treat:nen::s with only lO% elutriate 
expoS\lre. 

8. There are no significa:1t differences ir. ::he percen~age of 
abnormal ::.arvae prod:1ced i~ sedia'.ent treatments with o:1ly 10% 
elutriate concentration. 

27 



Null hypothesis 1 was rejected. There were significantly 

!ewer larvae in treatments of water or sediment elutriates when 

the diluent was Alcatraz reference water rather thar. Sequim Bay 

seawater {Tables 3 .l a and b) . The greatest difference in larval 

abundance (4.4-fold) occurred in treatments using only the 

different water sources. This diffe=ence decreased as increasing 

quantities of Sequi:t, Bay sedlt:'ient elutriate were added. This was 

evident in the higher number of ~arvae present in the Alcatraz 

::sland reference water dilutions of Sequim Bay sedirr.ent at 50% and 

lCO% (Figure 3.1 and Tab:.e 3 .la) , 
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TABLE 3.1a. The Mean, Standard Error, and Relative Degree of 
Difference in the Number of Larvae Present in 30 mL 
of Test Water Using Various Concentrations of Sequim 
Bay Sediment Elutriate in Sequim Bay Seawater or 
Alcatraz Island Reference Water (Hypothesis 1) . 

Water Source 

% Sediment Elutriate Sequim Bay Alcatraz I a land Relative Degree 
I Sequim Bay Sediment> Mean + SE(a) Mean + SE of Difference Cbl 

0 270 ± 73 61 ± 36 4.4 
10 410 ± 95 135 ± 77 3.0 
50 330 ± 116 268 ± 49 1.2 

100 407 ± 17 287 ± 98 1.4 

All Elutriates 354 ± 41 188 ± 41 1.9 

(a) SE = Standard Error 
(b) Relative Degree of Difference number of larvae number of larvae 

in Sequim Bay + in Alcatraz 
water source water source 

Ia5LE 3.lb. ANOVA Table Identifying the Levels of Significance 
Selected Sources of Variation Using the Natural 
Logarithm of the Total Larvae Observed. 

Source of Sum of Mean Significance 
variation Squares ~ Square F-ratio ~ 

Main Effects 11.27 4 2.8181858 3.078 0.412 

Water 7.17 1 7.1749029 7.835 0.0114 

Elutriate 
dilutions 5.51 3 1.8368079 2.006 0.1473 

Interactions 3.53 3 1.1761713 1.284 0.3083 

Residual 17.4.0 19 0.9156990 

Total 32.20 26 
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Null hypothesis 2 was rejected. There was a significantly 

greater proportion of abnormal larvae in the ARW when compared to 

abnormality proportions in the SBRW (Tables 3.2a and b). The 

highest proportion of abnormal larvae occurred in the water 

treatment only. ARW averaged 66% abnormal, which was 1.9-fold the 

average abnormal percentage observed in the SBSW. The proportion 

of abnormal larvae decreased with additional Sequim Bay sediment 

elutriate in both sediment types. Average percentage of abnormal 

larvae in all Sequim Bay water and sediment elutriate was 19%, 

which was 1.9-fold less than the average in Alcatraz Bay water of 

37% (Table 3.2a and b; Figure 3.2). 
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TABLE 3.2a. The Mean, Standard Error, and Relative Degree of 
Difference in the Proportion of Abnormal Larvae 
in 30 mL of Test Water Using Treatments of Various 
Concentrations of Sequim Bay Sediment Elutriate in 
Sequim Bay or Alcatraz Island Reference water 
(Hypothesis 2) . 

Water Source 

% Sediment Elutriate Sequim Bay Alcatraz Island Relative Degree 
of DifferenceCbl !Sew;im Bay Sedjmentl Mean + SE(a) 

0 0.35 ± 0.17 
10 0 .06 ± 0.02 
50 0.08 ± 0.01 

100 0.11 ± 0.01 
All Elutriates 0.19 ± 0.61 

(a) SE = Standard Error 
(b) Relative Degree of Difference 

Mean + 

0.66 ± 
0.38 ± 
0.20 ± 
0.24 ± 
0.37 ± 

SE 

0.21 
0.25 
0.05 
0.09 
0.10 

1.9 
6.3 
2.5 
2.2 
1.9 

number of larvae number of larvae 
in Sequim Bay + in Alcatraz 
water source water source 

TABLE 3 .2b. ANOVA Table Identifying the Levels of Significance of 
Selected Sources of Variation (Hypothesis 2) Using the 
Arcsine Square Root of the Proportion Abnormal. 

Source of Sum of Mean Significance 
Variation Squares .c:1....L. Square F-ratio Level 

Main Effects 1.37 4 0.3418994 2.407 0.0854 

water 0.64 1 0.6444710 4.536 0.0465 

elutriate 0.92 3 0.3103537 2.185 0.1232 

Interactions 0.14 3 0.0457930 0.322 0.8091 

Residual 2.70 19 0.1420647 

Total 4.20 26 
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Null hypothesis 3 was rejected. There were significantly more 

larvae in the Sequim Bay elutriates than in the Alcatraz Island 

elutriates when Alcatraz Island reference water was used as the diluent 

(Tables 3.3a and b). There was an average of 1.8-fold more larvae 

collected in treatments using Sequim Bay rather than Alcatraz Island 

elutriates. This effect was most obvious in the 50% and 100% sediment 

elutriate treatments where Sequim Bay sediments had 17- to 27-fold 

greater abundance than Alcatraz Island sediment. 

Survival was greater in successively higher concentrations of the 

Sequim Bay sediment elutriate (Tables 3.3a and b; Figure 3.3). This was 

not the case in the Alcatraz Island sediment elutriate, where only the 

10% elutriate showed high survival. This sample had over twice the 

survival of the equivalent Sequim Bay sediment elutriate. The 10% 

dilutions of elutriate in both the Sequim Bay and Alcatraz Island 

sediment treatments showed excellent survival. Although the survival in 

the 10% Alcatraz Island elutriate was higher, it was not significantly 

different from the other Sequim Bay elutriates (Tables 3.3a and b; 

Figure 3.3). 
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TABLE 3.3a. The Mean, Standard Error, and Degree of Difference in 
the Number of Larvae Present in 30 mL of Test Water 
Using Treatments of Various Concentrations of Sequim 
Bay Sediment Elutriate and Alcatraz Island Dredged 
Material Disposal Site Elutriates Mixed with Alcatraz 
Island Reference Water (Hypothesis 3). 

% Sediment Elutriate 
(Alcatraz Island 

Reference Water> 

0 (b) 

10 
50 

100 
All Elutriates 

Sediment Elutriate Source 

Sequim Bay 
Mean + SE 

135 ± 77 
268 ± 49 
287 ± 98 
230 ± 45 

Alcatraz Island Relative Degree 
Mean± SE of DiffereoceCal 

61 ± 36 oa 
358 ± 106 0.4 

10 ± 2 27 
18 ± 4 17 

128 ± 65 1.8 

(a) Relative Degree of Difference = number of larvae 
in Sequim Bay 
water source 

number of larvae 
+ in Alcatraz 

water source 

(b) Alcatraz Island Water Comparison only at the 0% sediment 
elutriate is appropriate. 

TABLE 3.3b. ANOVA Table Identifying the Levels of Significance of 
Selected Sources of Variation (Hypothesis 3) . Using the 
Natural Logarithm of the Total Larvae Observed. 

Source of Sum of Mean Significance 
variation Squares ~ Square F-ratjo Level 

Main Effects 12.35 3 4. 1151557 4.705 0.0215 

sediment elutriate 8.88 1 8.881901 10.156 0.0078 
source 

elutriate dilutions 3.46 2 l. 7817828 1. 980 0.1807 

Interactions 22.23 2 11.113041 12.707 0. 0011 

Residual 10.49 12 0.8745755 

Total 45.07 17 
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Null hypothesis 4 was rejected. There was a significantly greater 

proportion of abnormal larvae present in the Alcatraz Island 

sediment elutriates than in the Sequim Bay elutriate when Alcatraz 

Island Reference water was used as the diluent (Tables 3.4a and b; 

Figure 3.4). This difference averaged 2.4-fold over all the 

elutriate concentrations. It was most pronounced, however, in the 

50% and 100% elutriate concentrations, which averaged 

approximately 7-fold difference in proportion of abnormal larvae. 

Low abnormality in the Alcatraz Island sediment elutriates when 

mixed with Alcatraz Island Reference water only occurred in the 

10% dilution of the sediment elutriates. 
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TABLE 3.4a. The Mean, Standard Error and Relative Degree of 
Difference in the Proportion of Abnormal Larvae 
Present in 30 mL of Test Water Using Treatments of 
Various Concentrations of Sequim Bay Sediment 
Elutriate and Alcatraz Island Dredged Material 
Disposal Site Elutriates Mixed with Alcatraz Island 
Reference Water (Hypothesis 4}. 

% Sediment Elutriate 
(Alcatraz Island 
Reference Waterl 

0 (b) 

10 
50 

100 
All elutriates 

Sediment Elutriate Soyrce 

Sequim Bay 
Mean + SE 

NA 
0.38 ± 0.31 
0.20 ± 0.06 
0.24 ± 0.11 
0.27 - 0.10 

Alcatraz Island 
Mean + SE 

0.66 ± 0.26 
0.06 ± 0.02 
1. 00 ± 0.00 
0. 92 ± 0. 02 
0.66 ± 0.15 

Relative Degree 
of Difference<al 

NA(C) 
0.2 
5.0 
8.4 
2.4 

(a) Relative Degree of Difference = number of larvae number of larvae 
in Sequim Bay + in Alcatraz 
water source water source 

(b) Alcatraz Island Water Comparison only at the 0% sediment 
elutriate is appropriate. 

(c) Not Applicable 

TABLE 3 . 4b . ANOVA Table Identifying the Levels of Significance of 
Selected Sources of Variation (Hypothesis 4) Using the 
Arcsine Square Root of the Proportion of Abnormals. 

Source of Sum of Mean Significance 
variation Sqyares d.f. Square F-ratjo Level 

Main Effects 2.25 8 0.7491076 6.212 0.0086 

Sediment source 1.21 1 1.2141967 10.069 0.0080 

Dilution 1. 09 2 0.5165630 4.284 0.0394 

Interactions 2.28 2 1.1153194 9.249 0.0037 

Residual 1. 45 12 0.125901 

Total 5.93 17 

38 



2.2 

50 

100 
1. e . . . . . . . . . . . . . 

~ 
e 
~ 
0 
c:: 1 . .S . . . . . . . . . . . .0 
< 
c:: 
0 10 ·-... 
~ . . . . . . . . . . 0 1 . . • 100 • 
c. 
0 
~ 

0.. 

.... 
0 o.e . . . . . ... 
~ 
CT 
Vl 

Q.l 
c: 0.2 . . . . . 
Ill 
v 
~ 

< 

-0.2 
SEQUIM ALCATRAZ 

Elutriate Concentration by Sediment Source 

FIGURE 3.4. 95% Confidence Intervals on the Arcsine Square Root of 
Proportion of Abnormal Larvae Exposed to Sequim Bay or 
Alcatraz Island Sediment Elutriate Concentrations 
Using Alcatraz Island Reference Water as the Diluent 
(Hypothesis 4) 

39 



Hypothesis 5 was rejected. There was a significant difference 

in the quantity of larvae surviving in different concentrations of 

sediment elutriate (Tables 3.5a and b). Except in the case of the 

Sequim Bay sediment elutriate, there were significantly fewe r 

larvae in the treatments of 50% and 100% than in the 10% elutriate 

concentration. There were no significant differences in number of 

larvae in any of the San Francisco sediment elutriate treatments 

at the 50% and 100% levels, but there were significantly more 

larvae in the Sequim Bay sediment treatments at these levels 

(Tables 3.5a and b; Figure 3.5). 
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TABLE 3.Sa. Mean and Standard Error of Larval Survival at Various 
· stations and Sediment Elutriate Concentrations 

(Hypothesis 5) Using Alcatraz Island Reference Water. 

O%Cal .l..O.L 50% l00%(b) 

61 ± 36 No Sediment 
Sequim Bay 
Alcatraz 
Schnitzer Steel 

135 ± 77 68 ± 49 287 ± 98 

Sl 
S2 
S3 

Todd Shipyard 

T4 
T5 
T6 
T7 

358 ± 106 

269 ± 30 
162 ± 29 

49 ± 19 

69 ± 46 
14 ± 3.5 

190 ± 65 
94 ± 45 

10 ± 1.5 

28 ± 8 
21 ± 6. 5 
12 ± 5 

15 ± 7 
12 ± 1 
20 ± 7 
17 ± 7 

18 ± 4 

17 ± 6 
25 ± 12 
26 ±8.5 

41 ±8.5 
32 ± 6 
42 ± 9 
26 ± 1 

(a) Alcatraz Island Reference Water Only. 
(b) Sediment Elutriate Only. 

TABLE 3.5b. ANOVA Table Identifying the Levels of Significance of 
Selected Sources of Variation (Hypothesis 5) Using 
the Natural Logarithm of the Total Larvae Observed. 

Source of Sum of Mean Significance 
~atiaticn S~uare:~ d...f.... S~uare E-ratic LeYel 
Main Effects 60.07 10 6. 007233 10.322 <0.001 

sediment elutriate 30.51 8 3.813626 6.553 <0.001 
source 

elutriate dilution~ 29.56 2 14.781663 25.399 <0.001 
Interactions 38.03 16 2.3769603 4.084 <0.001 
Re~idual 31.43 54 0.5819790 
Total 129.53 80 
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Hypothesis 6 was rejected. There was a significantly greater 

proportion of abnormal larvae in the 50% and 100% sediment 

elutriate concentrations than in the 10% sediment elutriate 

concentration in all test sediments except Sequim Bay (Tables 3.6 

a and b). In Sequim Bay sediments, the concentration of the 

elutriate did not influence the proportion of abnormal larvae 

(Tables 3.6 a and b; Figure 3.6). 
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TABLE 3 . 6a. Mean and Standard Error of the Proportion of Abnormal 
Larvae Survival at Various Stations and Sediment 
Elutriate Concentrations (Hypothesis 6) Using Alcatraz 
Island Reference Water. 

No Sediment 
Sequim Bay 
Alcatraz 
Schnitzer Steel 

Sl 
52 
53 

Todd Shipyard 

T4 
TS 
T6 
T7 

0%Ca) 

66 ± 0.26 

10% 

0.38 ± 0.31 
0.06 ± 0.02 

0.30 ± 0.05 
0.21 ± 0.07 
0.035 ± 0.23 

0.76 ± 0.22 
1.0 ± 0 
0.40 ± 0 . 17 
0.66 ± 0.21 

(a) Alcatraz Island Reference Water Only. 
(b) Sediment Elutriate Only. 

50% 100%Cb) 

0.20 ± 0.06 0.24 ± 0.11 
1 ± 0 1.0 ± 0 

1.0 ± 0 1.0±0 
0.98 ± 0.02 0.91 ± 0.08 
1.0 ± 0 0.88 ± 0.07 

1.0 ± 0 0.99 ± 0.01 
1.0 ± 0 1.0 ± 0 
1.0 ± 0 1.0 ± 0 
1.0 ± 0 1.0 ± 0 

TABLE 3.6b. ANOVA Table Identifying the Levels of Significance of 
Selected Sources of Variation (Hypothesis 6) Using the 
Arcsine Square Root of the Proportion of Abnormals. 

Source of 
Variation 

Main Effects 

Station 

Dilution 

Interaction 

Residual 

Total 

Sum of 
SW!ares 

13.33 

6.00 

7.33 

4.04 

3.35 

20.72 

Mean 
~ Square F-ratio 

10 1.9332892 21.493 

8 0.7505798 12.100 

2 3.6641266 59.068 

16 0.2521624 4.065 

54 0.0620325 

80 0.0620325 
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Significance 
Level 

<0.001 

<0.001 

<0.001 

0.001 
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Null hypothesis 7 was rejected. There were significant 

differences in the number of larvae observed in treatment s o f 10% 

elutriate concentrations from the test sediments (Tables 3.7a and 

b). Stations 52, S3, T4, TS, and T7 had sign ificantly fewer larvae 

than the Alcatraz Island reference samples (Figure 3.7). 
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TABLE 3.7a. Mean and Standard Error for the Number of Larvae in 
the 10% E1utriates of the Various Sediments 
(Hypothesis 7) Using the Alcatraz Reference Water as 
the Diluent. Stations with Significantly Fewer Larvae 
Than Alcatraz Island Reference are Designated. 

Station 

Sequim Bay 

Alcatraz Island 

Schnitzer Steel 

Sl 
S2 
S3 

Todd Shipyard 

T4 
T5 
T6 
T7 

Mean + SE 

135 ± 77 

358 ± 106 

269 ± 30 
162 ± 29 

49 ± 19 

69 ± 46 
14 ± 3.5 

190 ± 65 
94 ± 45 

Significance 

Not Significant 

Not Significant 
Significant 
Significant 

Significant 
Significant 

Not Significant 
Significant 

TABLE 3.7b. ANOVA Table Identifying the Levels of Significance of 
Selected Sources of Variation (Hypothesis 7) Using 
the Natural Logarithm of the Total Larvae Observed. 

Source of Sum of Mean Significance 
Variation Squares d...L. Sq,uare F-ratio Level 

Elutriate !lource 26.71 8 3.3388319 3.288 0.171 

Error 18.28 18 1. 0154114 

Total 44.99 26 
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Null hypothesis 8 was rejected. There were significantly 

lower proportions of abnormal larvae produced in 10% sediment 

elutriate concentrations from the various stations (Tables 3.8a 

and b) . Alcatraz Island reference sediments had the lowest 

proportion of abnormal larvae. The proportion of abnormal larvae 

at the Schnitzer Steel sites was not significantly different from 

the proportion of abnormal larvae observed in the Alcatraz Island 

sites through all elutriate concentrations . All Todd Shipyard 

sediments showed significantly higher proportions of abnormal 

larvae than any of the other sites (Tables 3.8a and b; Figure 

3. 8) . 
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TABLE 3.8a. Mean and Standard Error of the Proportion of Abnormal 
Larvae Present in 30 mL Aliquots of 10% Elutriate 
Concentration Treatment at Each Station (Hypothesis 8) 
Using the Alcatraz Reference Water as the Dilutant. 
Stations with Signi f icantly Higher Proportions of 
Abnormal Larvae Versus Alcatraz Island Reference are 
Designated. 

Station 

Sequim Bay 

Alcatraz Island 

Schnitzer Steel 

Sl 
S2 
S3 

Todd Shipyard 

T4 
T5 
T6 
T7 

Mean + SE 

0.38 ± 0.31 

0.06 ± 0.03 

0.30 ± 0.05 
0.22 ± 0.0 7 
0.35 ± 0.2 3 

0.76 ± 0.2 2 
1.0 ± o.c o 
0.40 ± 0.1 7 
0.55 ± 0.2 0 

Significance 

Not Signifi c ant 
Not Significa nt 
Not Significant 

Significant 
Significant 
Significant 
Significant 

TABLE 3.8b. ANOVA Table Identifying the Levels of Significance of 
Selected Sources of Potential Variation Using the 
Arcsine Square-Root of the Proportion of Abnormals. 

Main Effect SQuares ~ SQuare F-ratio 

Elutriate Source 3.842393 8 0.4802988 3.219 

Error 2.686036 18 0.1492258 

Total 6.5284539 26 

50 



2.1 

ltl 
~ . . . . . . · . . e 1 ? . . . . . . . . . . . . . 

~ 
. 

0 
c: 
.c 
< 
c: 
0 1 . 3 . . . . . . . . . . . . . ... 
~ 
0 
~ 
0 
~ . . Q.. 0 9 . . . . . . . . . . . . . . .._ 
0 ... 
~ 
cr 

V'l 0 . ~ . . . . . . . . . . . . ... 
Q) 
c: 

"' 1..1 
~ . . . . < 0 1 . . . . . . . . . 

-0.3 
SEQ S1 52 SJ T4 Ts Ts T7 ALC 

Sediment Source 
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Alcatraz Island Reference Water as the Diluent for 
Each Sediment 
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3.2 BULK SEDIMENT ANALYSIS 

3.2.1. Priority Pollutant Polynuclear Aromatic Hydrocarbons 
<PAHsl,Pesticides. and PCBs 

Twenty-one priority pollutant PAHs, pesticides, and PCBs were 

detected in sediments at Alcatraz Island, Schnitzer Steel, and 

Todd Shipyards. The wet and dry weight concentrations of these 

contaminants are presented in Tables 3.9a and b. Table 3.10 

compares the concentrations of these contaminants in sediments 

proposed for dredging to the quantity of contaminants in sediments 

at the Alcatraz Island Dredged Material Disposal Site. 

The total quantity of measured organic contaminants as total 

PARs in each of the sediments proposed for dredging exceeds the 

Alcatraz Island sediment contaminant loads by 2.15- to 11.03-fold. 

Schnitzer Steel sediments range from 2 . 15- to 5.87-fold 

difference, while Todd Shipyard sediments range from 3.34- to 

11.03-fold difference. Total measured organic contaminants as 

total PARs in Alcatraz Island sediments were 3060 ~g/kg (dry wt} . 

Total phthalates measured in the samples were greatest at 

Schnitzer Steel's station S-2 and at Todd Shipyard's station T-6 

where the concentrations slightly exceeded the average phthalate 

concentrations observed at Alcatraz Island by a factor of 1.49 and 

1.15, respectively. All other stations had total phthalate 

concentrations that were much less (0% to 66 % of total) than those 

observed at the Alcatraz Island site. The Alcatraz Island 

sediments had mean total phthalate concentrations of 1280 ~g/kg 

(dry wt). Total PCBs at the Schnitzer Steel stations ranged from 

1.91- to 3.55-fold more than those observed at the Alcatraz Island 

site. The Todd Shipyard sites were more contaminated with 5.19 to 

15.28 times the Alcatraz Island reference concentrations. Maximum 

concentration of total PCB as total Aroclor was found at Todd 

Shipyard station T-7 and was 1436 ~g/kg (dry wt) . 
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TABLE 3.9a. Priority Pollutants, Pesticides, and PCB Concentrations in Sediments. Values are Provided 
in Quantity of Contaminant Per Wet Weight of Sediment. Units Are in pg/g. Only 
Contaminants that Exceeded the Detection level are Indicated. 

I~~t~er Oakland Hlfbor 

Ct:~nhl inant Code Mu1ber Alc:ttru Schnitzer S\e1l Todd Shipyard 

.. " "' lEAN Sl " 53 H Tio "' " T1 

j\cenaphtllene 1 • • • .... I " I • . .. 121 • • 
Oiethrlph\hal•t• ' •• I I ..... " I I I I • • I 

fluorene ' • • • .... • • • • . .. !II " • 
Phenanthn:ne • " " "' 11.&7 ... '" , .. !71 . .. .... , .. , .. 
Anthracene • • • • 1.11 .. "' • • ... ... , .. • 
Ci ~n~But.ylphthtlate • " I I 7.11 ,. Ill I I • I "' 171 

"' w Flt~Orlfltll•ne 7 "' I< I '" 151.33 "' ... "' 331 "" Uti Ulll "' Pyrtne • "' I • 78.87 "' 1981 2811 1811 nee 2-tll 311111 1181 
Butylb.ny!phthalt&e ' I I ' 1.11 .. ... I ' • I • • 
O.nt:n(t)AnthraceM " " " .. 71.11 "' 330 '" '" 13ft ... "" ... 
bis(2~ethylhexyl)phthtltte 11 .... ... ..1 721.11 '" .. 1 I ... 211 181 . .. '" Chrysene " " ' ' 24.H "' ... • "' "" , .. ' • 
~nt~(h)Fiuor•nthene tnd !3 • • • .... • I • • ' ' • ' Sento(\)Fluor•nthene .. 171 "' 

,,. lit.U ... 1210 "" "" '"' .... .... "" S.IUO(I)Pytel'liS " at ... "' Ul.ft ... "' ... "' 1 ... "" , .. ... 
l~deno(J,2,~~d)Pyr•n• " " "' 

,. lf!B.II "' ... .,. .,. lltl I!H .... • 
Benro(ghi)Perylene 17 Ill 111 141 133.!3 ... "' ... ... , .. 1211 1411 ... 
Aroclor 1116,1242,124& 18 • • ' .... • " I • • • • • 
Ar':>t !or 1248 10 • • I I.H • • ' • Ill , .. ... "' An1t:or li!U "' • • I .... .. .. .. "' 181 100 '" ... 
Arodot 1251 .. " .. " £3.!3 I " " IU .,. •• , .. "' .... 
Or1 hight 1.586 ..... t.sae 1.69: 1.-'199 1.571 I.H 1.675 I.Ui I.S4i 1.&~ l.li81i 



TABLE 3.9b. f'riority Pollutants, Pesticides, and PCB Concentrations in Sediments. Values are 
Provided in Quantity of Contaminant Per Dry Weight of Sediment. Units are in ug/g. Only 
Contaminants that Exceeded the Oetection level are Indicated. 

Inn•r Oakland Harbor 

CootaainJ~--- Cod<'l Mu•kr Alt1tru Sehfl i tl•r Stet f Todd ShieJifd 

A! ., .. WEAl! Sl S2 S3 " "' m Tl 11 

Acentphthe111 l • • • • • .. • • ... '" • • 
0\tthylp~thaltte ' '" • • " .. , • • • • • • • 
Fluorert 3 • • • • • • • • .... ,., 

" • 
Phentrthr<'lnl • .. ... "' 

,,. 211 "' ... "' 
,., 1821 ,,.. 

'" AnthrK•n• ' I • • • "' ... • • "' "' ... I 
lli~n-But.y I pM.ha late • .. • • 12 .. ... • • • I ... "' 

"' 
Fl~r1nt.hent 7 ,,. ,., .. , "' '" 1541 "" ... 3!25 .... "" ••• .. Pyrtnn 8 "' • • 131 . ... "" 83.41 2371 eeu 4312: 01179 "" &ty I bfJnylpht.halate • • • • • .. ... • • • • I • 
Bento{a)Anthr.cano II .. ,,. 

"' "' '" '" "' 371 , ... . ... 278! ... 
bl${2·et.byllutkyl )phU¥1 hh ll :ma "' ... "" "' u:11 • "' ... "' "" "' Chry~M 12 "' • • .. ... ... • '" 

,.., , .. • I 
Bento(b}Fiuoranth•~ 1nd " • • • • • I • • • • • • 
Be~zo(k}Fiuor•ntheno " '" '" "' "' '" 2:112 2V'27 1311 4554 .... '"' "" S.nro(•)f7r•ne " ... "' "' "' ... "" 214& 12Bi "" , .. .... 1128 
J ndeno{l, 2, 3 -cd) Pyfef!e •• "' '" '" '" '" ,. .. 1&12 '" ,. .. "" 17113 • Ben:o(ghi)Poryl.,na l7 "' ... '" "' 

.. , ,.,. 2171 '" 2180 .... 2fii7 "' Ara<lor 1tlO,l2~~,1148 " ' • • • ' .. • • • • • • 
Ar<x;;or 12~8 " • • • • • • I • ,., 181 "' "' A rot: I or 126_. " ' • • • , .. , .. .. '" '" ... '" "" Arot;or 12:68 21 .. "' .. " • .. '" "' '" '" "' "' 
Jrt 'f"ight • &811 1.6811 t.li85 •. 60 1.499 •. &11 1.41 1.676 I.UO 1.64R l.li3!1 •. 68& 



TABLE 3.10. Enrichment Levels for 21 Priority Pollutant PAH 
Hydrocarbons, Pesticides and PCB's in Sediments Proposed 
for Dredging. Enrichment Ratios are Determined by 
Dividing the Concentrations of the Contaminants at the 
Proposed Dredging Sites by the Corresponding 
Concentration of the Contaminant at the Alcatraz Site 
(Comparisons are made on Dry Weight Concentrations) 

Compound 

acenaphthene 

diethylphthalate 

fluorene 

phenanthrene 

anthracene 

di-n-buty1phthalate 

fluoranthene 

pyrene 

buty1benzylphthalate 

benzo(a)anthracene 

bis(2-ethylhexyl)phtha1ate 

chrysene 

benzo(b)fluoranthene and 

benzo(k)f1uroanthene 

benzo(a)pyrene 

indeno(1,2,3-cd)pyrene 

benzo(ghi)perylene 

aroc1or 1016,1242,1248 

aroclor 1248 

aroclor 1254 

aroclor 1260 

Total PNA 

Total Phthalates 

Total Aroclor 

Station 
Schnitzer Steel 

Sl 

0 

2.9 

0 

2.0 

S2 

58 

0 

0 

4. 2 

108.0 298 

16.1 

6 

S3 

0 

0 

0 

4.1 

0 

0 

5.8 

3. 8 

2.1 

10.3 25.4 48.4 

90.0 315 

2.3 

0.4 

13.7 

2.7 

2.5 

2.4 

2.5 

0 

4.4 

1.1 

21.8 

6.2 

6.4 

5. 8 

6.3 

88.0 

0 

4.7 

0 

0 

8 . 6 

9.0 

8.2 

9.5 

0 

Designation 
Todd Shipyard 

T4 

0 

0 

0 

1.8 

0 

0 

1.9 

18.1 

0 

2.8 

0.5 

15.5 

7.0 

5.4 

3.5 

3.2 

0 

TSA 

346 

0 

346 

TSB 

219 

0 

200 

T6 

0 

0 

91 

T7 

0 

0 

0 

12.5 13.2 9.4 3.2 

437 

0 

14.8 

710 445 0 

0 21.7 24 

7.8 7.9 3.1 

45.9 33.4 51 14 

0 0 0 0 

18.1 12.5 21.2 5 

0.3 0.3 1.0 0.5 

75.5 53.3 0 0 

13.4 11.3 24.6 6 

12.2 9.2 16.3 5 

10.9 10.9 15.1 0 

9.6 9.6 11.4 3 

0 0 0 0 

0 0 0 0 200 182 186 205 

180.0 158.0 98.0 281.0 328 346 928 1009 

0 1.0 1.3 2.3 1.4 1.8 2.9 2.4 

2.2 

0. 6 

1.9 

5.1 

1.5 

3.6 
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5.9 

0 

2.3 

3.3 

0.5 

5.2 

10. 1 

0.3 

7.0 

8.0 11.0 3.2 

0.3 1.2 0.7 

7.4 14.6 15 



The minimum concentration of total PCBs as total Aroclor observed at 

?odd Shipyard was approximacely 0. 488 while the concentrations at ::he 

Alcatraz Island site were 91 ~g/kg (dry wt) . 

The remaining PAH hydrocarbons are the higher molecular weight 

forms larger than acenaphthene wi::h fluoranthene, benzo (k and b) 

fluoranthenes, and pyrene and benzo(a) pyrene dominating the PAH 

mixtures. These materials may exist in a solid matrix form that may 

alter the bioavailability of the PAH contarr,inants. 

3.2.2 Metals 

The dry and wet weight concentrations of 12 metal and metalloid 

contaminants in sediments from composited core sa;r,ples collected near 

the Alcatraz Island Dredged Haterial Disposal Site and in the compcsi:_ed 

core samples from Inner Oakland Harbor are included in Tables 3.lla and 

b. The concentrations of ~etals in Alcatraz sediments are considered 

reference contaninan::. leve::..s by the USA:2E, Comparison of d::y weight 

contaminant concentrations at proposed dredging sites to these reference 

concentrations is made by dividing the former by the latter (Table 

3 .12). Comparisons :nay also be made ::o ::he average crustal abu:~.da::ce of 

metals and :r.etalloids found ~n sha2.e soi2.s throughout the world as a 

basis of reference to relative contaminant loads (Table 3.12). 

Alcatraz Islaad sed~rr.<:r.ts have co::centrations of metals and 

metalloids that are fairly ca~siste~t wit~ the concentrations of ~hose 

metals observed in shale sediments throughout the world. Yet there is 

smr.e indication of rr.etal and metalloid en::ich:nent at ".:he Alcatraz 

disposal site. The leve.:..s of er:richm0nt =ange fror:t G.6 -:.o 3.7 w!.th a!l 

average enrichment of 1.6 ± 0.9 SO. The metals that show the greatest 

enrichment above reference shale sediments are silverr chromium, and 

cadmium wi:h 3.7, 2.46 ar.d 2.3 1 respectively (Tab2..e 3.2.2). 

The average enrich.ment of these twelve metals and metalloids in 

areas proposed for dredging ranged from 1.3 to 5,4 above the Alcatraz 

Island sedi:nents. Schnitzez Steel sedimeats averaged 1.28-:.93 

en:::ichment while sedi:r.e:-:ts near Todd Shipyard ;:anged trom 1,47 
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TABLE 3.11•. Metal and Metalloid Contaminant Concentrations in Sediment Samples from Alcatraz Island 
Dredge Disposal Site and Inner Oakland Harbor. Concentrations in u9/9(dry weight) 

Inner Oakland Harbor 

Alcatraz Schnitzer Steel Todd Shipyard 

678587 878435 878436 878437 878438 878439 878439 878440 878441 
Contaminant A 51 S2 53 S4 TSa TSb T6 T7 

Antimony (Sb) 2.82 2.58 7.37 3. 78 3.09 13.12 13.03 18.83 11.39 

Arsenic (As) 10.90 10.60 7.10 10.50 5.90 16.30 19.40 13.30 9.20 

Cadmium (Cd) 0.69 1.42 1.97 1.05 0.67 2.02 2.03 1.16 1.33 

Chromium (Cr) 246.00 230.00 343.00 217.00 416.00 390.00 419.00 930.00 437.00 

Copper (Cu) 53.20 71.10 79.00 81.40 96.70 326.00 327.00 423.00 224.00 

lead (Pb) 29.00 48.40 100.00 87.60 78.30 177.00 175.00 246.00 174.00 

Mercury (Hg) 0.26 0.41 1.30 0.76 1.30 8.30 8.40 4.20 2.70 

Nickel {Ni) 118.00 129.00 101.00 130.00 85.70 146.00 155.00 212.00 155.00 

Selenium (Se) 0.31 0.38 0.16 0.23 0.08 0.31 0.39 0.23 0.31 

Silver {A9) 0.37 0.45 0.57 0.63 0.33 1.00 0.99 0.62 0.70 

Thallium (Tl) 0.64 0.64 0.52 0.65 0.39 0.52 0.59 0.45 0.65 

Zinc (Zn) 131.00 179.00 260.00 208.00 183.00 428.00 415.00 549.00 287.00 

Dry weight 0.57 0. 50 0.56 0.42 0.68 0.55 0.55 0.53 0.58 
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TABLE 3.llb. Metal and Metalloid Contaminant Concentrations in Sediment Samples from Alcatraz Island 
Dredge Disposal Site and Inner Oakland Harbor. Concentrations in pg/g (wet weight) 

Inner Oakland Harbor 

Alcatraz Schnitzer Steel Todd Shipyard 

878587 878435 878436 878437 878438 878439 878439 878440 878441 
Contaminant A - Sl S2 S3 S4 T5a T5b T6 Tl 

Antimony (Sb) 1.61 1.28 4.09 1.58 2.09 7.16 7.11 9.96 6.63 

Arsenic (As) 6.21 5.27 3.94 4.38 3.99 8.90 10.59 7.04 5.35 

Cadmium (Cd) 0.39 0.71 1.09 0.44 0.45 1.10 1.11 0.61 0.77 

Chromium (Cr) 140.22 114.31 190.37 90.49 281.63 212.94 228.77 491.97 254.33 

Copper (Cu) 30.32 35.34 43.85 33.94 65.47 178.00 178.54 223.77 130.37 

Lead (Pb) 16.53 24.05 55.50 36.53 53.01 96.64 95.55 130.13 101.27 

Mercury (Hg) 0.15 0.20 0.72 0.32 0.88 4.53 4.59 2.22 1.57 

Nickel (Ni) 67.26 64.11 56.06 54.21 58.02 79.72 84.63 112.15 90.21 

Selenium (Se) 0.18 0.19 0.09 0.10 0.05 0.17 0.21 0.12 0.18 

Silver (A g) 0.21 0.22 0.32 0.26 0.22 0.55 0.54 0.33 0.40 

Thallium (Tl) 0.36 0.32 0.29 0.27 0.26 0.28 0.32 0.24 0.38 

Zinc (Zn) 74.67 88.96 144.30 86.74 123.89 233.69 226.59 290.42 167.03 



TABLE 3.12. Enrichment Levels for 12 Sediment Bound Metals and 
Metalloids at Proposed Dredging Sites. Enrichment 
Ratio's are Determined by Dividing the Concentration 
of the Metal at the Proposed Dredging Site by the 
Alcatraz Island Site Concentration. Concentrations 
Ratio's are Determined Based on Dry Weight Values. 
Alcatraz Enrichment Ratio's are Referenced to Crustal 
Averages in Shale Soils. 

Metal 

Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Alcatraz 

1.9 
1.7 
2.3 
2.5 
0. 9 
1.5 
0. 7 
1.2 
0.5 
3.7 
0.6 
1.6 

Schnitzer Steel 

Sl 

0.9 
1.0 
2.1 
0.9 
1.3 
1.7 
1.6 
1.1 
1.2 
1.2 
1.0 
1.4 

S2 

2.6 
0.7 
2.9 
1.4 
1.5 
3.5 
5.0 
0. 9 
0.5 
1.5 
0. 8 
2.0 
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S3 

1.3 
1.0 
1.5 
0. 9 
1.5 
3. 0 
2.9 
1.1 
0.7 
1.7 
1.0 
1.6 

Todd Shipyard 

T4 TSA 

1.1 4.7 

0.5 1.5 
1.0 2.9 
1.7 1.6 
l.B 6.1 
2. 7 6.1 
5.0 32 
0.7 1.2 
0.3 1.0 
0. 9 2. 7 
0. 6 0. 8 
1.4 3.3 

TSB T6 

4. 6 6. 7 
1.8 1.2 
2.9 1.7 
1.7 3.8 
6. 2 8. 0 
6. 0 8. 5 

32 16. 2 
1.3 1.8 
1.3 0.7 
2.7 1.7 

0.9 0.7 
3.2 4.2 

T7 

4.0 
0.8 
1.9 
1.8 
4.2 
6.0 

10.4 
1.3 
1.0 
1.9 
1.0 
2.2 



5.41. The metal concentrations in Schnitzer Steel sediments that 

always exceeded the Alcatraz IslaDd disposal site concentrations 

were zinc, silver, mercury, lead, copper, and cadmium. Contaminan~ 

metals from at least four of the five samples at Todd Shipyards, 

whose concentrations exceeded Alcat=az Island reference levels, 

inc:uded those seen at Schjitzer S~eel as well as nickel, 

chromium, and antimony. Maximum metal contamination at Schnitzer 

Steel occurred at station S-2 where mercury, lead, cadmium, and 

antimony were 5, 3.5, 2.9 and 2.6 tines the sedimer.t 

concentrations at the Alcat.raz Is:!.and Site, respectively. All Todd 

Shipyard sites were at least as contaminated or exceeded the level 

of contamination at. Schn zer Steel's most cor:taminated si<:e (52). 

The least observed contaninatior: of ar;y of the Todd Shipyard 

samples was at station T-4, which generally equaled the maximum 

level of contamination observed at the Schnitzer Steel sites. 

Todd Shipyard Statio~s T-5a, T-5b 1 T-E, and T-7 COLSiste~tly 

had concentrations of antimony, copper, lead, mercury, and zinc 

that were more than three times those values at the Alcatraz 

sites. The Todd s:'1.ipyard sites !:ad :r.erc'Jry cor:tamir.ation that 

exceeded the levels at Alcatraz by 5- =o 32-fold, with 

concentrations approaching 10 ~g/g (dry wt} at the most 

contamina::ed stations. Copper, ar:~:.ri\ony, and lead at these s:.::es 

exceeded Alcatraz reference concentratio~s by 4.C4- to 8.48-fold, 

with an average factor of 5.92 ± 1.4 (n = 12). Copper 

concentrations ra~ged from 224 to 423, while antimony ranged from 

11.4 to 18.8, and lead ranged from 174 to 246 j.lg/g (d:cy wt), z:,nc 

concentrations exceeded reference by an average factor of 3.21 ± 

0.82 sd (n = 4) with concentrations ranging from 287 to 549 ~g/g 

(dry wt) . 

3.2.3 Organotins 

The wet and dr;-y weight concentrations of mono- 1 di- and tri.­

buty:tin ~n sedimen~s at Alcatraz :sland and r~ner Cakland Harbor 

are summarized in Table 3.13. The concentrations of the sum of the 
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TABLE 3.13. Wet and Dry Weight Concentrations of Mono-, Di-, and 
Tributyltin Measured in Sediment Proposed for Dredging 
Near Schnitzer Steel and Todd Shipyards. The reference 
concentrations are from the composite cores from the 
Alcatraz Island Dredged Material Disposal Site. 
Application factors are for total butyltin and 
tributyltin comparisons of reference sediment 
concentrations to proposed dredging site 
concentrations. Concentrations are surrogate recovery 
corrected. 

Conc:entJ:atiQD Qf Contaminant 
(dry wt) (wet wt) 

Station Tti D.i MQJl.Q Total Tti D.i MQJl.Q Total 

Alcatraz 30.4 32.8 15.4 78.6 19 20.5 9.6 49.1 

Schnitzer Steel 

51 A 23.5 27.3 77.3 128.112 13.9 39.5 65.4 
51B 37.5 38.6 89.3 165.4 19 19.7 45.6 84.5 
52 19.4 13.1 334.2 366.7 11 7. 3 185.9 204 
53 16.6 15.6 43.4 75.6 6. 7 6.3 17.5 30.5 

Todd Shipyard 

T4 58.8 25.1 7.5 91.4 39.9 17 5.1 62 
T5 <1.7 <2.4 <2.1 <6. 2 <0.9 <1.3 <1.2 <3.4 
T6 180 22.3 37.1 239.4 96 12 19.8 128 
T7A 434.8 105.9 <10.2 550.9 292.8 71.3 <6.9 371 
T7B 729.6 171.3 101. 9 1002.8 4 91.3 115.4 68.6 675.3 

Application Factors - Dry Weight 
Iota! But:tlt ins IJ:ibut:tltins 

Schnitzer Steel 

51A 1.6 0.8 
51B 2.1 1.2 
52 4.7 0.6 
83 1.0 0. 6 

Todd Shipyard 
T4 1.2 1.9 
T5 0.1 0 
T6 3.1 5.9 
T7A 7.0 14.3 
T7B 12.8 24 
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three butyltins at the reference site was 78.6 ~g/kg (dry wt) 

while the concentrations at Schnitzer Steel sites ranged from 128 

to 367 ~g/kg (dry wt) and at Todd Shipyard sites from less than 

detectable to 1003 ~g/kg (dry wt) . Schnitzer Steel sediment showed 

dry weight enrichment factors of 0.96- to 4.7-fold while Todd 

Shipyard sediment measurements showed enrichment factors of 0.08-

to 12.8-fold. Todd Shipyard sediments contained an average of 73% 

±6 (n = 4) of the total measured butyltins in the more toxic 

tributyltin form while Schnitzer Steel sediments contained an 

average of 17% ± 8 (n = 4) and Alcatraz Island Dredged Material 

Disposal Site had 39%. The concentrations of tributyltin at the 

Schnitzer Steel sites ranged from 16.6 to 37.5 ~g/kg (dry wt), 

which closely approximates the concentrations of this organotin in 

the Alcatraz Island Dredged Material Disposal Site sediment (30.4 

~g/•g dry wt) . Tributyltin in Todd Shipyard sediment samples 

ranges from less than detectable to 730 ~g/kg (dry wt) . Todd 

Shipyard station T-5 was the only Todd Station to have 

undetectable concentrations of butlytins. All other Todd Shipyard 

stations had from 2- to 24-fold greater tributyltin concentrations 

than the Alcatraz Island Dredged Material Disposal Site sediment. 

3.2.4 Total Orqanic Carbon 

Total organic carbon (wet and dry weight) in sediments at 

Schnitzer Steel were higher than the levels in reference 

sediments, while Todd Shipyard sediments were both lower and 

higher than the reference sediment values at Alcatraz Island 

Dredged Material Disposal Sites (Table 3.14). The concentrations 

exceeded the reference value (1.3%) at the Schnitzer Steel sites 

with ranges of 1.52 to 2.56% on a dry weight basis. Todd Shipyard 

sites had concentrations of total organic carbon, which ranged 

from 0.8 to 2.04%. The maximum enrichment of total organic carbon 

in sediment from the seven locations proposed for dredging is a 

factor of nearly 2 (Table 3.14). 
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TABLE 3.14. Wet and Dry Weight Concentrations of Total Organic 
Carbon from Inner Oakland Harbor and Alcatraz Island 
Sediments. Enrichment factors are based on 

Station 

Alcatraz 
Island 

Schnitzer 
Steel 

S1 

S2 

S3 

Todd 
Shipyard 

T4 

T5A 

T5B 

T6 

T7 

comparison of the dry weight concentrations of organic 
carbon at proposed dredging sites to the reference 
Alcatraz Island sediments. 

% Total OnJanic Carbon Enrichment Factor 

Wet Dry ~ 

0.76 1.3 1 

0.96 1.9 1.5 

0.87 1.5 1.2 

1. 05 2.6 2.0 

0.54 0.8 0.6 

1. 12 2.0 1.6 

1.10 2.0 1.5 

0.87 1.6 1.2 

0.80 1.4 1.1 
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3.2.5 Oil and GrPase 

Wet and dry weight oil and grease cor.centrations from 

sediments collected at the seven sites p~oposed for dredging 

ranged from 138 to 734 ~g/g {we~ wt) and 271 to 1342 ~g/g (dry 

wet) (':.'able 3 .15). ':.'he Schnitzer Steel sediment. sanples contained 

oil and grease concentrations ranging from 271 to 1050 ~g/g {dry 

wt) while the ~odd Shipyard sa~ples had conce~trations ranging 

from 399 to 1342 j.ig/g \dry wt) !Table 3.15). 

Enrichment factors {sarep:e concentra::io:~/Alcac:.raz 

concentration} ranged from 0.72 to 3.82 (wet wt} to 0.88 to 4.37 

(dry wt). The most enriched o~l and grease measurement for the 

Schnitzer Steel samples was at st.ation S-2, while Todd Shipyard 

samples were most enriched at Statio~ T-5. 

3.2.6 Cyanide 

Cyanide concentrat.;,ons were eve.luated in sediment.s proposed 

for dredging. No cyanide was meas:Jred in any of :.he samples at the 

de:.ection limits of <O. 6 ~g/g (wet wt), ':'his may be due to lack of 

sediment preservatio:1 (See Sectior: 2. 2. 5), 

3.2.7 Tot.al and Dissolved Sulfides 

I'ota: and disso:ved sulfides we~e determined from aliquots of 

the unpreserved sediments. ?he wet and d=y weight conccntraticns 

of t.hese materials are included i:; Table 3.:6. ?otal sulfides 

rar.ged from 225 to 578 ~g/g, while disso:ved sulfides ranged f::::om 

na to 1521 ~g/g (dry wt). 

The quantity of total and dissolved sulfides at all proposed 

dredging si~es exceeded the concentration at the Alcatraz Dredged 

Material :)isposal Sit.e (Table 3.17). Tor:al sulfides at the 

Schnitzer Steel sites ranged frorr. fac~ors of 1.03 to 2.57 tines 
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~AeLE 3.15. Wet and Dry Weight concentrations of Total Oil 
and Grease Concentrations from Inner Oakland 
Harbor and Alcatraz Island Sediments. Enrichment 
factors are based on compar~sons of the dry 
weight concentrations of organic carbon at 
proposed dredging sites to the reference Alcatraz 
Islar.d sedirr.ents. 

Enr~chmeot Factor 

Station 

Alcatraz 
Island 192 307 1 

Schnitzer 
Steel 

Sl 138 271 0.9 
52 584 1056 3.4 
53 271 g'< '. 2.2 

Todd Shipyard 
T4 271 399 1.3 
T5A 734 1342 4 . 4 
T5B 509 930 3.0 
T6 551 1031 3.4 
T7 279 414 1.4 
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TABLE 3.16. Wet and Dry Weight Concentrations of Total and 
Dissolved Sulfides in Sediments From Inner 
Oakland Harbor and Alcatraz Island 

Station 

Alcatraz Island 

Schnitzer Steel 

S1 
S2 
S3 

Todd Shipyard 

T4 
TSA 
T58 
T6 
T7A 
T78 

Total Sulfides ("g/gl 

132 

117 
174 
237 

297 
243 
165 
141 
232 
NM 

225.3 

234.5 
304.7 
578.1 

440 
442.6 
300.6 
2 61. 6 
3 96. 6 

NM 

Dissolyed Sulfides ("g/gl 

128 

417 
321 
161 

578 
835 
NM 
738 
610 
610 

218.4 

835.7 
562. 2 
392.7 

856.3 
1521 

NM 
1369.2 
1042.7 
1042.7 

TABLE 3.17. Enrichment Factors for Total and Dissolved Sulfides in 
Sediments are Based On Comparison of the Dry Weight 
Concentrations at Proposed Dredging Sites to the 
Reference Alcatraz Island Sediments 

Station 

Alcatraz Island 
Schnitzer Steel 
S1 
S2 
S3 

Todd Shipyard 
T4 
T5A 
T5B 
T6 
T7A 
T7B 

NM = not measured. 

Total Sulfides Dissolyed Sulfides 

1 3.8 
1.4 2.6 
2.6 1.8 

l. 95 3.9 
1.96 7.0 
1.33 NM 
1.16 6.3 
1.76 4. 8 

NM 4. 8 
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reference while Todd Shipyard sites ranged from 1.16 to 1.96 

times. This is in contrast to the dissolved sulfide samples from 

Schnitzer Steel that ranged from 1.8- to 3.8-fold while the Todd 

Shipyard samples had larger enrichment with ranges of 3.92- to 

6.96-fold. 

3.2.8 Grain Size 

Sediment grain size for composited samples was measured on a 

dry weight basis at each of the proposed dredging sites and at the 

Alcatraz Island Disposal site (Tables 3.18 and 3.19). The 

sediments at the Alcatraz site were composed of nearly equal 

percentages of silt and clay with a smaller percentage of sand. 

The Schnitzer Steel sediments were composed primarily of silt and 

clay, with Schnitzer station S2 containing the most sand (33%) 

The Todd Shipyard stations were variable, with Station T4 

dominated by sand, Station TS composed primarily of silt and clay 

in equal portions, and Stations T6 and T7 composed of nearly equal 

percentages of sand, silt, and clay. 

Table 3.19 summarizes the above grain-size distributions and 

presents the relative enrichments of sand, silt, and clay in 

comparison to Alcatraz Island grain size data. Examination of this 

table shows that enrichment levels for sand ranged from a low of 

0.2 (Schnitzer Sl) to 3.5 (Todd T4); Station TS was approximately 

equal to Alcatraz at 1.1. Enrichment levels for silt ranged from 

0.3 (Todd T4) to 0.9 (Schnitzer S3); no test station exceeded the 

percent silt found at the Alcatraz Site. Clay enrichment ranged 

from a high of 1.6 at Schnitzer Sl to a low of 0.6 at Todd T4. 

Stations Schnitzer S2 and S3, and Todd TS and T7 had slightly more 

percent clay than the Alcatraz Island sediments. 
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TABLE 3.18. Percent of Sediment (Dry Weight) Within Specified Seive Size Classes. 

Battelle Id Nueber 8711687 878-436 878-438 878-437 878438 878-489 878-439 878-4-41 8784-41 

Station " S1 52 S3 " TS. T6b " n 

Sedieent. Type Seive Siu in •• Ph; Percent. of lbt.erial Occurring in Each Seive Siu 

) 3.36 - 2 1.116 1.11 1.11 1.11 1.11 1.42 1.64 I.H 1.28 

"' - 2.11 - l 1.11 1.11 1.11 1.11 1.11 1.39 1.42 I. 94 1.18 
2 .II - 1.11 I I. 97 1.21 I.U I.H 1.36 1.49 1.91 2.19 1.62 

------------- 1.11 - l.lil l 1.18 1.19 1.63 1.15 1.11 1.81 1.86 2.12 1.71 

Sand 1.61 - I. 26 2 4.81 1.61 18.16 1.98 !13. 74 4.63 4.116 11.!11 7.112 

1.26 - 1.126 • . ... 1.51 13.711 4.21 23.89 11.14 11.73 21.28 13.!18 

------------- 1.126 - 1.182 • 4.111 1.81 2.88 1.82 2.83 8. 44 3.23 4.26 4.41 

"' 1.182 - 1.148 ... 2.111 1.18 4.1! 8.12 1.27 3.88 1.21 1.81 1.83 
ro 1.1411 - 1.111312 ' 8.84 !1.118 2.(17 3.81 ~. .. 1.16 4.73 1.84 1.117 

Si It 1.1312 - 1.123 ••• .... 1.27 2.49 1.32 1.38 3.12 3.21 3.11 3.91 

1.123 - 1.1168 ' II. 28 3.H 1.13 6 ..... 2.18 1.117 1.26 1.34 ... 11 

1.1168 - 1.1178 7 B. 96 11.42 7.46 9.87 2.63 8.14 6.31 8.11 11.11 

------------- 1.1178 - 1.1139 ' .... 11.61 9.12 12.4! ..... a 11.98 8.93 8.12 11.12 

Chy 1.1139 - 1.1119 ' .... 12.46 7.69 11.39 ..... 2 11.38 9.18 7.119 7.4-4 

1.1819 - 1.1189711 ll 5.41 21.87 1.38 13.111 4.39 11.22 11.38 11.72 7.41 

( 1.11111711 ll 211.72 31.411 24.1111 33.81 18.11 32.73 34.38 22.111 29.21 

Tot... I 181.11 911.1111 111.11 111.18 111.12 1111.1111 1111.97 111.11 lli.99 

Percent Dry Ieight 68.111 61.111 58.83 42.37 1111.85 66.1111 611.11 64.47 58.41 

S11ple Ieight (g Dry) 11.11291 11.4838 11.6422 8.8892 "'. 5847 11.45511 11.8327 11.1977 11.88111 

Percent Reco¥ery 118.115 118.118 117.28 118.411 113.16 1111.11 114.117 911.43 97.28 



:IAELE 3.19. Relative Comparison of Grain Size Between Alcatraz 
Island Sediment and the Test Sediments From Inner 
Oakland Harbor 

Percent Grain Size Relative Enrichment(al 

Station .s..a.o..d :iilt. l:J..ay_ .s..a.o..d :iilt. l:J..ay_ 

Alcatraz Island 17.43 39.00 40.49 1.0 1.0 1.0 
Schnitzer Steel 

51 3.91 30.10 65.78 0.2 0.8 1.6 
52 33.23 26.89 39.63 1.9 0.7 1.0 
53 7.03 43.69 58.36 0.4 0.9 1.4 

Todd Shipyard 
T4 61.4 6 13.28 24.92 3.5 0.3 0.6 
T5 19.61 23.75 54.33 1.1 0. 6 1.3 
T6 20.56 22. 62 53.92 1.2 0. 6 1.3 
T7 27.41 24.67 44.06 1.6 0. 6 1.1 

(a) Test sediment result/Alcatraz sediment result. 
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4.0 DISC(JSSION 

The discussion of results includes a summary of the bioassay 

response (including possible Alcatraz Reference water toxicity) 

and the significance of the sediment contaminants derived from 

bulk sediment analysis. 

4.1 BIOASSAY DISCUSSION 

4.1.1 Oyster Larvae Response 

Our estimates of the number of larvae exposed to various 

sediment elutriate and water treatments indicated an initial 

density of approximately 15 larvae per milliliter. The recovery of 

organisms in the Sequim Bay water and Sequim Bay sediment 

elutriate treatments indicated that approximately 350 organisms or 

an average of 80% of the fertilized eggs added to these test 

solutions survived the 48-h test. During that same period of time, 

in the same set of treatments, approximately 15% of the organisms 

were abnormal. 

These observations are in contrast to the observations made 

about the Alcatraz Island Dredged Material Disposal Site reference 

water. The organisms in the Alcatraz reference water had an 

average of 4.4-fold lower survival and a 1.9-fold higher abnormal 

rate than organisms exposed to the Sequim Bay reference water. 

Other observations indicated that the addition of increasingly 

larger quantities of Sequim Bay sediment elutriate improved 

survival and reduced abnormal percentage rates in the treatments 

using ARW. In both cases, highly significant improvements in the 

survival and abnormal development rates were observed for the ARW 

sample. 

Alcatraz Island reference sediment when mixed with ARW, had 

toxicity and abnormal development rates higher than those observed 

in treatments using SBRW. This may be due to increased 

contaminants in the Alcatraz Island reference sediment. The 

sediment may not scavenge the toxic components from the water 
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column as effectively as Sequim Bay sediments. There was good 

survival at the 10% elutriate concentrations of both Alcatraz 

Island and Sequim Bay sediment. Therefore, the protective or 

scavenging potential for the contaminants in ARW was effective at 

low Alcatraz Island and Sequim Bay elutriate concentrations. 

At higher Alcatraz Island elutriate concentrations there were 

greater mortalities but regular levels of abnormal production. 

This may be due to elevated levels of an increase in contaminants 

from the Alcatraz Island reference sediment or an as yet 

unidentified solids effect on the embryo bioassay. Both higher 

mortality and higher abnormal production at the higher sediment 

elutriate concentrations were observed at Todd Shipyard stations, 

but not at Sequim Bay or Schnitzer Steel stations. 

Evaluation of the number of larvae and percent abnormals in 

the 10% elutriate concentrations revealed that Schnitzer Station 

S3 and Todd Shipyard Stations T4 and TS had the lowest number of 

larvae while none of the Schnitzer Steel stations and all Todd 

Shipyard stations had significantly greater percentages of 

abnormal larvae. The decreased number of survivors at Schnitzer 

Steel occurred without a concomitant increase in abnormal larvae 

percentages while the number of larvae at Todd Shipyard, though 

greater, had decidedly greater percentages of abnormal larvae. 

The cause of decreased survial and greater percentage of 

abnormal larvae in the bioassay at Schnitzer Steel cannot be shown 

to be either related to contaminant impacts or to the effects that 

increased particles may have had on developing oyster larvae. This 

is in contrast to the Todd Shipyard samples. The combination of 

increased abnormal development with increased developing larvae 

seems to indicate a contaminant is affecting the test. The 

contaminant(s) not only increase mortality of larvae in most 

samples but also affect normal development. 

The percent of sediment elutriate that causes 50% abnormal 

development (ECSO) is summarized in Table 4.1. 
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TABLE 4.1. Percent of Sediment Elutriate That Causes Abnormal 
Development in 50% (EC50) of Developing Larvae 

Station Water Source % Elutriate peyiation 

Sequim Bay Sequim Bay 1396 815 

Sequim Bay Alcatraz 234 69 

Schnitzer Steel 

Sl Alcatraz 21.7 1.5 

S2 Alcatraz 24.7 2. 5 

S3 Alcatraz 23.7 4.0 

Todd Shipyard 

T4 Alcatraz (a) (a) 

T5 Alcatraz (a) (a) 

T6 Alcatraz 17.3 4.5 

T7 Alcatraz 4.7 5.5 

Alcatraz Alcatraz 28.7 0.6 

(a) Unable to calculate. 

4.1.2 Alcatraz Reference Water Toxicity 

The data presented in Section 4.1.1 concerning Alcatraz 

reference water bioassay results versus Sequim Bay seawater 

results suggest that the ARW was toxic to the oyster larvae and 

influenced normal development. The indication is that a 

contaminant is present in the reference water that is scavengable 

by sediment elutriates from Sequim Bay. Therefore, the likelihood 

that the contaminant might be a water quality parameter such as 

decreased D.O. or increased nutrients (ammonia, nitrates, or 

nitrites) is unlikely since increases in sediment elutriate should 

have the potential for raising nutrient levels and decreasing 

dissolved oxygen concentrations. The source of the contamination 

is not known. One possible explanation is that during water 

collection, handling, storage, transport or use, the water became 

contaminated to a level that was deleterious to the oyster larvae. 
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The possibilities of contamination of water during sampling 

or post-sample handling have been discussed with the USACE, San 

Francisco District, and a review of MSL procedures for handling 

the Alcatraz reference water. In a personal communication, USACE 

has indicated that ARW is not normally toxic in oyster larvae 

tests. Unfortunately, our data can neither confirm nor deny this 

statement. 

Review of MSL bioassay procedures has shown that the ARW was 

treated in exactly the same way as the SBRW. This suggests that 

MSL storage and use of this water did not affect its toxicity or 

impart contamination. 

The only other likely explanation for the Alcatraz water 

toxicity is that the samples of water became contaminated during 

collection or transport to MSL. The field collection information 

provided by Kennedy/Jenks/Chiton and Sea Surveyor (Appendix A) 

seems to indicate that a non-contaminating water sampler was used. 

The water, however, was transported and then stored in 

plastic jugs for periods of more than 1 week. There is a 

possibility that the water became contaminated by these plastic 

containers. Phthalates esters are a potential contaminant in 

plastic products (Pierson et al. 1984) and they have been observed 

to occur in blood that has been stored in plastic bags (Guess et 

al. 1967). Phthalate esters are lipophilic, dissolving easily in 

organic solvents, but are generally described as being relatively 

insoluble in water. They can become apparently more soluble in 

water through three processes. First, they may adsorb to physical 

particles in the water column. Secondly, they may associate with 

fulvic or humic acids, and thirdly, they may be trapped on the 

outside of particles through processes other than adsorption 

(Pierson et al. 1984). All these processes may have occurred in 

the unfiltered seawater collected from the Alcatraz Island 

Disposal Site. The apparent solubility of phthalate esters in 

deionized water ranges from 0.34 to 4000 mg/L, which is higher 
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than apparent toxicity thresholds observed in certain marine 

organisms. It appears that phthalate esters may be a potential 

contaminant resulting from the use of plastic jugs as storage 

containers for bioassay seawater. 

4, 2 DISCUSSION OF CONTAMINANT SIGNIFICANCE 

4.2.1 Comparison of Alcatraz to Potential pred9e Sites 

Forty contaminants were detected in the sediments from the 

Alcatraz Island Dredged Material Disposal Site, three stations 

near Schnitzer Steel, and the four stations near Todd Shipyard. 

The relative significance of these contaminants was determined by 

comparing them to the background concentrations of the same 

materials at the proposed dredged material disposal site near 

Alcatraz Island. Between 12 and 24 of these contaminants had 

concentrations that were at least twice the background levels 

observed at the Alcatraz Island Dredged Material Disposal Site 

(Table 4 .2). 

Schnitzer Steel sediments had metals concentrations that 

ranged from less than the Alcatraz Island reference sediment to a 

5-fold enrichment. Cadmium, lead, and mercury had the largest 

elevations compared to the reference site. These sediments also 

had concentrations of PCBs in the 100-250 ~g/kg (dry wt) range 

while the reference sediments had undetected levels of the types 

of PCBs that were present at Schnitzer Steel. (Reference samples 
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TABLE 4.2. Relative Level of Difference Between the Concentrations 
of a Chemical at a Proposed Dredging Site and the 
Alcatraz Island Dredged Material Disposal Reference 
Site 

Contaminant 

acenaphthene 
diethylphthalate 
fluorene 
phenanthrene 
anthracene 
di-n-butylphthalate 
fluoranthene 
pyrene 
butylbenzylphthalate 
benzo{a)anthracene 
bis{2-ethylhexyl)-

phthalate 
chrysene 
benzo{b)fluoranthene 
benzo(k)fluoranthene 
benzo(a)pyrene 
indeno(l,2,3-cd)pyrene 
benzo(ghi)perylene 
aroclor 1016,1242,1248 
aroclor 1248 
aroclor 1254 
aroclor 1260 
Sb 
As 
Cd 
Cr 
Cu 
Pb 
Hg 
Ni 
Se 
Ag 
Tl 
Zn 
butyl tins 
tributyltin 
organic carbon 
oil and grease 
CN 
total sulfides 
dissolved sulfides 

Schnitzer Steel 

2. 9 

2.0 
108 

3.8 
2.1 

10.3 
90 
2.3 

0. 4 
13.7 

2.7 
2. 5 
2.4 
2.5 

180 

0.9 
1.0 
2.1 
0.9 
1.3 
1.7 
1.6 
1.1 
1.2 
1.2 
1.0 
1.4 
1.9 
1.0 
1.5 
0. 9 
na 

1.0 
3.8 

58 

4. 2 
298 

16 
6 

25 
315 

4 . 4 

1.1 
21.8 

6.2 
6. 4 
5.8 
6.3 

88 

158 
.97 

2.6 
0.7 
2.9 
1.4 
1.5 
3.5 
5 
0.9 
0.5 
1.5 
0.8 
2 
4.7 
0.6 
1.2 
3.4 
na 
1.4 
2.6 
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4.1 

5.8 
48.4 

4.7 

8.6 
9 
8.2 
9.5 

98 
1.3 
1.3 
1 
1.5 
0.9 
1.5 
3 
2.9 
1.1 
0.7 
1.7 
1 
1.6 
1 
0.6 
2 
2.2 

na 
2.6 
1.8 

1.8 

1.9 
18.1 

2.8 

0.5 
15.5 

7 
5.4 
3.5 
3.2 

281 
2.3 
1.1 
0.5 
1 
1.7 
1.8 
2.7 
5 
0.7 
0.3 
0.9 
0. 6 
1.4 
1.2 
1.9 
0. 6 
1.3 

na 
2 
3.9 

Todd Shipyard 

283 

273 
12. 9 

574 

11.3 
39.6 

15.3 

0.3 
64.4 

12.3 
10.7 
10.9 

9.6 

191 
337 

1.6 
4. 6 
1.6 
2.9 
1.6 
6.1 
6.1 

32.1 
1.3 
1.1 
2.7 
0.9 
3.2 
0.1 
0. 05 
1.6 
3.7 
na 
1.7 
7 

91 
9. 4 3. 2 

445 
21.7 24.3 
7.9 3.1 

51 14.4 

21.2 5 

1 0.5 

24.6 6 
16.3 4.7 
15.1 
11.4 3.1 

186 205 
928 1009 

2.9 2.4 
6. 7 4 
1.2 0.8 
1.7 1.9 
3.8 1.8 
8 4.2 
8.5 6 

16.2 10.4 
1.8 1.3 
0.7 1 
1.7 1.9 
0.7 1 
4.2 2.2 
3.1 9.9 
5.9 19.2 
1.2 1.1 
3.4 1.4 

na na 
1.2 1.8 
6. 3 4. 8 



had approximately 100 ~g/kg (dry wt} arcclor 1260.} Poly~uclear­

araromatic hydrocarbons that exceeded reference levels were the 

higher molecular weight materials such as acenapthene, anthracene, 

pyrene, and chrysene, which are typically found in the more 

weathered petroleum products (Word e: al. 1987). A phthalate, 

butylber.zylphthalate, was also found at enriched levels. 

Todd Shipyard sediment samp:es had metals concentrations that 

ranged from :ess than the refe=ence levels at the Alcatraz Island 

Dredged Materia: DispOsal Site to more thar. 30 times tt.e referer.ce 

levels. Again, merc<Jry ar,d lead were elevated~ alor:g with copper 

and organotins. Mercury a~d organotins had the greatest 

enrichment relative to reference levels. PCBs were also high with 

concentrations rangi~g from approximately 280 to 1250 ~g/kg {dry 

wt}. Polynuclear aromatic hyd~oca~bons ~hat exceeded reference 

levels were the higher molecular weight Bateria:s such as 

acenaphther.e, fluorene, anthracene? pyrene, benzo(a)anthrace~e, 

chrysene, benzo {k) fluorar:ther,e, and ben2,0 {a) pyre:ne, which are 

typically found in more weathered pet:r·oleun prodccts (Word et al. 

19S7). A phthalate, buty:.phthalate, was also found in chese 

samples. The significance sf these elevations in chemical 

contaminants is discussed be:ow. 

4.2.2 Organotin Concedtrations 

Organotir, concentrations l;; three of the sedirr.ent samples 

near Todd Shipyard ranged from 91 to 1003 ~g/kg (dry wt). The 

level of the more ~oxic ~ribu:yltin form ranged from 58.6 to 729.6 

~g/kg (dry wt). Using a re:atior.ship developed by Velkins et al. 

(1986) water concentrat~ons ~f the or.ganotins can be estimated 

from the sediment co~centration. Predicted orga~otin water 

concer,trations based on Veli<ins ""::. ,1, (1966) are provided in 
Tab:e 4.3. 



TAB'j.E 4. 3. Predicted Concer.~ration of Orga:10tins in Water 
Overlying the Cor.tamina:ed Sediment near Todd 
Shipyards. Concentrations are ir. 

Station Concentrations 'J.tg/L) 

Com;j;l,a.md ..:;.:L _:u_ ll _ll 

monobutyltin O.OC2 0.01 0.00-0.02 

dibutyltin 0.03 0.03 0.14-0.23 

tributyltin 0.04 0' 11 0.27-0.46 

Crassostrea gi9as 48-h larvae tests showed an LC50 fer 

tributyltin of 1.6 ~g/L (Cardwell and Sheldon 1986}. Thain {1966) 

has shown that concer.trations o~ tribu::yltin averaging 0.24 ~g/L 

over a 45-day period will cause s,Lgnificant growth depression in 

bot~ the weigh~ and length of :he adult oyster Crassostrea ~as. 

These same oysters had contamina:ed tissue :evels as high as 2.38 

}lg/kg (wet wt). Short and Thrower (1986) showed that water 

concentrations of 1,5 IJ.g/L would kil.:. SO% of exposed juvenile ki:'lg 

salmor. over a 96-h period. ?he ac;;te salt water concentration of 

tributyltin that has bec:t established for water quality criteria 

is 0.22 ~g/L while the chro~ic sea water qua~ity criteria is 0.069 

~g/L. Stations T6 and T7 either approached or exceeded these 

.:.eve:s of observed e-:fects. The levels of organotins in these 

sediments were sufficiently high to be of cor.cern. 

4.2.3 Polychorinated Biphenyl j?CB) Conce4tra~!ons 

PCBs also appeared quite high in eact. of the Todd Shipyard 

samples. The total PCB concentrations at these stations ranged 

fron 281 to l214 ~g/kg (dry wt/. The ac~:e mar~ne water quality 

criteria is 10 ~g/L, while the chronic ~ari.:1e c=i~eria is 0.03 

}lg/L. The organic carbor. partitioning c:::efficient a:1d the 

equilibrium partitioning relationship described by Staples et al. 

(1985) allows predicti~n of the conta~ination level that wou:d be 

observed in overlying wa:er based 'Jp:m t.hese sediment 

concentrations (Table 4. 4). Co:npa:::lso:; of these predicted values 
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TASLE 4.4. Predicted Water Concentrations of PCBs in Water 
Overlying Contamina~ed Sediments near Todd Shipyards 
Using the Organic Carbon Partitioning Model Described 
in Staples et. al, ( :985) 

Contamination 
Cowoneot I1 

Sediment PCB 
concentration 
(Jlg/kg-dry) 281 528 1114 1214 

Organic carbon 
concentration 
(mg/g-dry) 0.8 2.0 1.6 1.4 

Predicted PCB 
concentration 
(j.tg/L) o.oc 0.004 0.01 O.Cl 

to the wate= quality criteria allcws an assessment of the 

significance of the levels observed in the sedi!r,ent. !n no case 

did :.he concentration of PCBS predicted to occar in overiying 

water exceed the chronic or acute water quality criteria for 

marine water. Three a: the =our stations did, however, approach 

the chronic level criterla for marine water. Since the method of 

predictior. has several so'..lrces of potent:..al variation (inclt:ding 

the organic carbon partitionir:g relationship}, this level sho'Jld 

be viewed as a warning that ':;.here is a poten:ial for cc:.cern 

regarding the concentration of PCSs ~r. sediments at these s:tes. 

4.2.4 Mercury Concentrations 

Mercury concentrations are of concerr. at all Todd Shipyard 

stations and one of the Schnitzer Steel stations (52}. National 

s::andards for mercury established in 1972 permit a maximw.:n 

ccnce!1tration of total r:1ercury o~ 1.0 :r.g/kg (dry wt} in sedi:nents 

\OECD 1974}. '!'l:is level is exceeded a!:. all these stac.ions, 

79 





5.0 CONC:.USIQNS 

Significant mortality a~d abnormal~ties in developing oyster 

larvae were observed when the organ~sms were exposed to the 

Alcatraz rs:and refere~ce water. However, these results have to be 

qualifed because of potential contamination of Alcatraz reference 

water duri~g collection or transport, ~t may be possible to 

measure the concentrations of vario~s contaminants in this 

reference water to determine if our su;;.positions are correct abO\:.t 

contamir.ation from the phthalates in the plastic jags ir. which the 

water samples were stored, It :.s highly recommended that ft:.ture 

water samples be stored in appropriate:y cleaned glass carboys 

rather than p~astic jugs. 

Sediment samples were c~llected for dissolved and total 

sulfides as well as cyanides w:_thout reference ::o app.=.-opriat-e 

sample preservation protocc:s, The da-:.a prod1;ced :::::-om these 

inappropriately preserved sediment samples should not be viewed as 

accurate. They may be ~oo high in the case of the sulfides because 

of sulfide generation after the samples •,.;ere collected, O!: they 

may even be too low as a result of s~lfide losses to the 

atmosphere. If cyanide had been p:::-esent in any of the samples, it 

was :r.ost l:.kely lost through decompos!.tion, In tl:e f~tureT 

sediment samples fez: these types cf meas'.lrements rn'..lst be preserved 

in the field w~th appropriate proced~res. 

Sedimen::s were frozen d~ring the original storage of the 

material. This is an inapp~opriate procedure fc= samples of 

sediment that wi:l be analyzed for grain size or dissolved 

sulfides or that will be used for b:oassays. ?~e problem 

associated with freezing sed.!.ments is that d'Jring the !reezing and 

defrosting cycles the sedime~t par~icles can be fractured beca~se 

of expanding water. Upon fractur~ng, the particles can be changed 

in size. The oarticles can a.::.s;:;; release contam:.nants that miaht . . 
not be normally available to the orga~isms exposed through the 

bioassay tests. Freezir.g sediment samples probably would not 

affect the total qua~~ity of metal or priority pollutant 

contaminants measured, because the extraction procedures are 
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generally very destructive to ensure that the majority of the 

cor.taninants in a sedirr.ent sa:r.ple are removed and made available 

for measurement, 

In spite of the deviations observed from some of the sampli~g 

protocols, it is apparent that sediments frO!T'. Todd Shipyard are 

significantly enrict:ed with a n'.lrnber of chenlical contaminants 

compared to concentrations at the Alcatraz Island Disposal Site. 

Of most concern are orga~otins, me=cury, and PCBS. These chemical 

contaminants are at, near, or higher than the marine water quality 

criteria values and are also at levels that have been shown to 

affect marine organisms during water colunn exposure tests. 

Sediment el~triate tests not only showed significa~t mcr~ali~y of 

oyster larvae during exposure, but also showed increased abnornal 

development. These res·..1lts seem to indicate that contamina:r.ts in 

the sediments at Todd Shipyard can be expected to have an adverse 

impact on water column organisrrs during d:..sposal operations. 

The Schnitzer Steel sediment sarr.ples do not appear to have 

the same level of conta:cination problem nor do they show the same 

level of bioassay impacts observed w~th the Todd Shipyard sediment 

samples. There were significant larvae :r.ortality, but the 

proportion of abnormally developed :arvae was not significantly 

different than larvae exposed to uncontaminated Sequi~ Bay or 

Alcatraz Island sediments. Decreased survival because o£ exposure 

to Schnitzer Steel sediment may be a response to an as yet 

cmdocumented effect of fine-grained sediment on t.he development of 

oyster embryos. This effec~ needs tc be evaluated in the future. 

We do not k~ow what the effects might be on organisms exposed 

to the actual sol~d phase of ~he sedime~t bou~d contaminants. 

The=e is a potential for orga~isms living in or near ~he sediment 

to accumulate contaminants in the:.r tissues or to actually be 

affected by the sediment bo::nd cor:taminants. :=t is ::-ecoirl.!7l.ended 

that the sediments be tested with an apprcpriate organism 1 in an 

atternpt to demonstrate this effect. 
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Because the sediment a:: potential dredge sit.es is so fi:te, it 

may not be appropriate to use the infa-.:nal dwelling arr,phipod 

Rhepoxynius abronius for a test orgar.ism. It is well known that. 

this organism has variab::.e surviva.:;. when exposed to extremely fine 

sediments {Swartz et al. 1985). A more approp~iate test might be a 

juvenile clam bioassay coapled wi~h a bioaccumulation study of a 

filter feeding as well as a deposit feeding clam. These tests 

would indicate the potential =or rr.ortali::y and bioaccumi.;lation 

from bulk sediment, as well as the potehtial for bioaccumulation 

of contaminants released from sedimer.: into the water column. 

One species that could be selected for these test.s would be 

the California :r.ussel, Mytilus californiensis, susper.ded above :.he 

sediments to evaluate the potential for b:.oaccu;nulation o:: 

contaminants released to che water column. Young native or 

japanese littleneck clams, ?rQtotha~2 or ~e~erup:s, could be used 

for evaluation of surviva2. under exposure to the solid pt,ase of 

~he sediment. Relatively large clams that are deposit feeders 

could also be used to determine the poLential for bioaccumulation 

resulting from :ngesting and/or exposure to the sediments. 

Examples of these organisms wocld include certain species of the 

clam genera Macoma ~- and potentially Tellina ~- The :r.ost 

reasonable method of perfor:r,ing these ::.ests would be to establish 

the organisms ir. a large flowing seawater systerr. that would allow 

all organisms to be exposed at !:.he same time over a specific 

pe:!."iod of tine. The exposure would ideal:y be from 10 to 30 days. 

Contaminant meascremen~s would be m3de at intervals to see if 

there was a change in the availability of the cor:taminants over 

this period of time. 
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APP:S~DIX A 

FIEI,D COLLECTION NO'rES AND INFORMATION 



-
January 14, 1988 

Mr. Jeffrey Ward 
Battelle Pacific Northwest Division 
Marine Research Laboratory 
439 West Sequil!l Bay Road 
Sequim, WA 98382 

Oear Mr. Ward: 

Kennedy/Jenks;Chilton 
Laboratory Division 

6S7 Hoftll<l Streoe~ 
S.n frai"C:::tCQ_ ~~• :;.&105 

4\5-J6l.OOSS 

Enclosed is the infonnation regarding the samples collected for the Port of 
Oakland, Which you requested in your letter of 6 January, 1988. Addressing 
your questions in the order of your letter: 

• Attachments 1-A through 1-L include copies of site maps provided to us 
by the Port of Oakland. Annotations and additional site sketches were 
.ade by our field technician. Sea Surveyor provided coordinates of the 
sample locations at the Alcatraz disposal site. A map of the area is 
also enclosed. 

• For oll turning basin and berths 61-64 samples, a water pressure driven 
Shelby tube piston sampler was used to obtain the cores. A new epoxy 
coated 2.S foot by 4 inch diameter Shelby tube was used each day. The 
tubes were cleaned prior to and between each use with surface site 
seawater and a brush. The devices used to collect Alcatraz disposal 
site samples are described in the letter from Sea Surveyor (attachment 
1-k). In a follow-up conversation with !lack Sullivan of Sea Surveyor, he 
informed me that all sampling devices and lexan liners were steam­
cleaned prior to use. 

• Sediment samples from the turning basin and berths 61-64 were extruded 
from a Shelby tube into new plastic bags, which have proven to be 
practical and have not presented any contamination problems in our past 
experience. All samples were double-bagged and stored in a cooler with 
'blue ice' coolant immediately after collection. The alcatraz disposal 
~te sediments were retained in their Lexan tubes which were capped 

with plastic and sealed with tape. These cores were also stored and 
transported to our laboratory in a cooler with 'blue ice'. The 
Alcatraz disposal site water was collected into 6 separate 5 gallon 
plastic jugs. These water samples were not refrigerated during transport 
or while being held in the laboratory. 

( cont i nved) 
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January 14, 1988 
Hr. Jeffrey Ward 
Page Two 

-

• All sediment samples were frozen while being held in the laboratory. 
They were shipped to you in coolers containing •blue ice•. The Alcatraz 
disposal site water was shipped in the original containers without any 
cooling material. 

• Sampling stations for sediments in the turning basin and berths 61-64 
were located by meuuring from landNrks using a measured rope. 
Distances along the length of berths 61-64 are clearly marked on the 
sides of the docks. Sea Surveyors' letter (attachment 1-k) described 
their navigation technique employing a laser positioning system. 

• Attachments 'lJ. through 2C 1 ist the core lengths and depths to bottom 
relative to HLLW for all sample stations. Soundings for the turning 
basin and berths 61·64 were taken, using a measured weighted plumb 
line. Corrections for the tide were applied using a tide table and tide 
board for reference. ~u ngs at the A1catraz disposal site were taken 
using a Raytheon DE 719 urvey grade fathometer which was calibrated 
using the bar check m hod. 

• A copy of the field notes from the turning basin and berths 61·64 
sampling are included as attachments 3-A through 3-F. I questioned our 
field technician for the following additional information: The turning 
basin samples were collected December 21, 1987, in the morning while a 
nearly high tide peeked, and dropped again. The weather was overcast but 
not raining. Our technician, Joshua OeCarl, was accompanied by Pitcher 
Drilling's rig operator Sheldon Lovedahl and his assistant, Jeff Lance. 
The berth 61-64 samples were collected December 30, 1987, in the morning. 
while a high tide was dropping. The weather was overcast with some 
drizzle. The same persons listed above were present. I contacted Hack 
Sullivan of Sea Surveyor regarding the conditions under which the 
Alcatraz disposal site samples ""re collected. He informed 11'1! that the 
sampling ~as done in the morning of December 30, 1987, with an out9oin9 
high tide. The weather was overcast and raining. Hr. Sullivan and his 
assistants Peter Jepsen and Clayton Hollson performed the sampling. 

We trust that the enclosed information will be sufficient for your writing 
of your report. If however, you require any additional information or 
clarifications, do not hesitate to contact me. 

Sincerely, 

:1w~b 
Fieid Services Supervisor 

GWB/lhg A.2 
cc: David Hayes, Port of Oakland 
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Kennec-1 I Jer.ks Eng~reers 
657 ~award Streeet 
San Francisco, CA 94105 
ATTENTION: Mr. Ted Macamura 

Dear Mr. Macam~ra: 

S Januar)· 1 988 

RECEIVED 
JAN 11 1988 

WtHEOY /JE.MKSICHILTON 
WORAlORV DMSION 

Sea Surveyor, Inc. genuinely apprectates the opportunlty to have collected 
six (5) r sediment s~mples and twenty-five <25) gallons of seawater from 
t!'\e Alcatraz Dredged Material 01sposal Site in San Francisco Bay. The 
sec1ment samples were co Pee ted ir. Lexan 1 mers that were contatned 
'Nithm a 8entl':cs ~ode! ~ 171 gravity corer. The samples were ~ollected 
at the follow 1ng locations: 
Station 

A3 
A4 
AS 
84 
C1 
D3 

Cal ifomja State Coordinates <Zone Ill) 
N 487,105 E 1,444,388 
N 487,286 E 1,443,753 
N 486,699 E 1,443,840 
N 486,930 E 1,444,991 
N 486,615 E 1 .~44, 789 
~l ~~~.34g E I A A A 4.,"' -- - ,~. , .. 

Locat ~on of the coring ve;se1 'Nas determined using a manned E. S P. laser 
rar.getaz1muth PC'S!tlornr.g -system established at Monument 7 on the 
~unicipa! Pier. 

Water samcles we,.e coPectec rrcm mld·depth w1thin the Alcatra: 
Oredced Mate~! a I O!Sposal 5tte us1r.c a tef1on-lmed Go-Flow discrete 

• w 

sampling water octtle. 

Aga!r\ thank you for glV~ng Sea Sur:e·;cr the opportunity to be of ser-~1ce. 

~ '"Co,.oly 

;/Y~).jjv~ 
S Mac!< Su ll1van 
Pres1cent 

A ~~13 F:1v .\ve .. Ste 8 
u ~U:~ . C-\ Q!03-
( 61<H i53· 36 ... 3 

A !6-l6 PllmJ Dr . Ste -tOO 
\entun. C.\ 93003 
t80)) u.. .... :--:'22 

A.3 

A 333 fu-st Sl . 
Bema~ C.\ 9-t~ 10 
r:·o-) :'-te ·I8S; 

A 1'5130 o)lh ,,\'t S .. Ste 8· ?~ 
1\.a~lb. q:~ <)8188 
(20<>) l~2·5100 
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Battelle Marine Research Laboratory 

Chain of Custody Form 

Laboratory: AmTest, Inc. 
14603 N.L 87th 
Redmond. WA 98053 
Contact: John Daily 

Analysis Requested: 

Analysis Oete,tion Limit (mq/kg) 

Total Organic Carbon 
Total Sulfides 
Water Soluble Sulfides 
~"l~· .t .. 
Results reported in wet weight 

0.1 % 
0.1 
0.1 

and dry weight 

... 0 

Desired Method: EPA approved methodologies suitable for marine sediments 
and which yield the required detection limits. 

QA/QC: See attached sheets 

Oate Requested: 15 January or ASAP 

List of Samples to be Analyzed: 

Sample Number 

878435 

87B436 

878437 

878438 

8784J9 

878440 

878441 

878587 

Type of 
Sample 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

Sediment 

;_->.1.-"b~ \t"l4- ........ 

Released By/Date 
Battelle MRL 

,, 

Accepted By/Oate 
AmTest I c 

'* .:::-""'tSov~ '"t-1--- 'b ... ,t..\ "- ~"i "'""- G.- c?!~ ..... -4 .... -
\1 ..... _'..,~., .......,...._,. ~cc~tl.'"'-~->..'~ .;::;,.-·'\:"'t.-•od G:,v-o..._ 1::1......,_ ,...._6,.,._ \,1-J:::.• 
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Battelle Marine Research laboratory 

Chain of Custody Form 

laboratory: ARI, Inc. 
3J3 9th Ave N. 
Seattle, VA 98109-5187 
Contact: Dave Mitchell 

Analysis Requested: 

See Attached Sheets 

Results reported in wet weight •~·d dry weight 

Desired Method: See Attached Sheets 

QALQC: See Attached Sheets 

Oate Requested: 15 January or ASAP 

li~t of Sam1les to be Analyzed: 

Sample Humber Type of Released By/Date Accepted By/Oate 
Sat'!J1le Battelle MRL ARI Inc 

' 

'B)e? 878435 Sediment ~\~-~~ 

878436 Sediment @._.Q •t ...; 

~ 
' 878437 Sediment ' 

878438 Sediment ' 
878439 Sediment ~_Q_ w 

< 
878440 Sediment ~ " 

878441 Sediment ~ -
878587 Sediment 00-=P .. 

6.6 

tZ<.:."S 
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APPENDIX C Sediment Compo>iting Motes 

Corps of Engineers, San Franci>CO District ·Sample Log-in Sheet> 

Attached are copies of the original labels for the sediment 
collections (pages C.8 · C.IO). 

There are two sample numbers on these labels: !)laboratory number and 2)field 
number. Samples taken near the Alcatraz Island Dredged Material Disposal 
Site. 

Laboratory 
Number 

Field 
Number 

$ample 
Date 

Sample 
Type 

Depth Remarks 
..illl 

878580 
878581 
878582 
878583 
878584 
878585 
878586 

WATER 
Al·I230·A3 
Al·1230·A4 
AL·I230-A5 
AL-1230-84 
Al·1230-C1 
AL·1230-D3 

12/30/87 
12/30/87 
12/30/87 
12/30/87 
12/30/87 
12/30/87 
12/30/87 

WATER 
SEO!MENT 
SEDIMENT 
SEDIMENT 
SEDIMENT 
SEDIMENT 
SEDIMENT 

25 in plastic 

Laboratory 
Number Further COlllllents 

878580 Water was stored in 5, 5-gallon plastic jugs. 

878581 Dark gray color, not black; shell fragments, 
silty-sand texture. 

10" core depth 
9.25" core depth 
8.75' core depth 
9.5'' core depth 
9.25' core depth 
9.75" core depth 

878582 Dartc gray color, silt-clay texture and hard packed 
no anaerobic odor. 

878583 Dark gray color, silt, some sand and shell debris, 
chemical odor. 

878584 Dark gray color, silt with sand (less than in 878583), 
chemica 1 odor. 

878585 Dark grey, not black, shell fragments, silty-sand texture. 

878586 Black sediment, very fine texture and compacted. 
Texture similar to soft cheese, bottom of core black, 
upper 3/4" of core dark grey under fine green surface. 

C. I 



Oakland Inner Harbor Sampling 
Field su ... ary 

Laboratory Field Date Sample Core Depth Comments 
Number Humber Time (ft) 

878435 l 12/21/87 0830 36-39 10 ft off dolphin 
39-42 

878436 2 12121/87 0930 30-33 between dolphin 
33-36 and pier 
36-39 
39-42 

878437 3 12/21/87 0955 38.5-41.5 off concrete pier 
41.5-44 

878438 4 12/21/87 1040 32-35 left of ship, 20 
35-38 feet off 
38-41 
41-44 

878439 5 12/21/87 1140 26-29 10 ft off pier 
29-32 
32-35 
35-38 
38-41 
41-44 

878440 B-6 12/21/87 1228 32-35 middle of bay 
35-38 
38-41 
41-44 

878441 7 12/21/87 1320 32-35 hit sdnd, tried 
3 dif. spots 
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All of these sediments were mixed in a stainless. steel bowl with stainless 
steel spoon. Sediment mixed until even color dnd texture observed. 

This composite ;s called 878587. 

The following quantity of sediment was prepared: 

Meta 1s (1 of 2) 
Metals (2 of 2) 
ARI Sample 
AmTest Sample 
Bioassay Sediments 
Reference (Archived) 
Additional Sediment 
Grain Size Analysis 

~eight in grams (wet) 

115.8 
99.07 

382.0 
412.7 

1460.9 
1354.4 
1480.7 
122.88 

The following presents sediment compositing information for the rest of the 
Oakland sediment samples. 
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COMPOSITE 878435 

Laboratory 
Number 

878435 

Sample 

878435 
878435 
878435 
878435 
878435 
878435 
878435 
878435 
878435 

Bag Label 

36-39 
39-42 

Purpose 

Metals {I of 2) 
Metals (2 of 2) 
ARI Sample 
AmTest Sample 
Bioassay Sample 
Reference 
Extra 1 
Extra 2 
Grain Size 

COMPOSITE 878436 

laboratory 
Number Bag labe 1 

878436 30-33 
33-36 
36-39 
39-42 

Sample Purpose 

878436 Metals p of 2) 
878436 Metals 2 of 2) 
878436 ARI Sample 
878436 AmTest Sample 
878436 Bioassay 
878436 Reference 
878436 Extra 1 
878436 Grain Size 

Co111nents 

sand/silt; green clay 
sandier sedimentj green gre~ 

Sample weight 

112.74 
121.87 
306.55 
314.04 

1120.00 
986.50 

1004.30 
1133.50 

98.99 

Cements 

silt/sand, black-grey 
black silt/sand 
sand/silt black-grey 
fine sand; green grey 

Sample weight 

142.75 
106.55 
381.83 
388.23 

1300.90 
1365.09 
1515.97 
123.23 
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COMPOSITE 878437 

Laboratory 
Number 

878437 

Sample 

878437 
878H7 
878431 
878437 
878437 
878437 
878437 
878437 

8aq Label 

38.5-41.5 
41.5-44 

Purpose 

Metals (l of 2) 
Metals (2 of 2) 
ARI Sample 
Am Test 
Bioassay 
Reference 
Extra 1 
Grain Size 

COMPOSITE 878438 

Laboratory 
Number Bag Label 

878438 32-35 
35·38 
38-41 
41·44 

Sample Purpose 

878438 Meta 1s (1 of 2) 
878438 Metals (2 of 2) 
878438 AR1 Sample 
818438 AmTest Sample 
878438 Bioassay 
878438 Reference 
878438 Extra I 
878438 Extra 2 
878438 Grain Size 

Conrnents 

watery silt with fine sand 
gray black, no odor 

Sample weight 

112.13 
121.06 
365.29 
349.46 

1318.45 
1261.95 
1256.24 
178.65 

Conunents 

watery silt/sand 
compacted black silt 
compacted black silt 
fine sand-li1ht brown in 
color with b ack streaks 
no odor- all fractions 

Sample weight 

168.49 
165.52 
446.74 
450.03 

1572.76 
1551.26 
1373.I2 
928.47 
306.64 
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COMPOSITE 878439 

Laboratory 
Number Bag Label 

878439 26-29 
29-32 
32-35 
35-38 
38-4I 
4I-44 

Sample Purpose 

878439 Metals {I of 2) 
878439 Metals (2 of 2) 
878439 ARI Sample 
878439 AmTest Sample 
878439 Bioassay 
878439 Reference 
878439 Extra I 
878439 Extra 2 
878439 Grain Size 

COMPOSITE 878440 

Laboratory 
Number 

878440 

Sample 

878440 
878440 
878440 
878440 
878440 
878440 
878440 

Sag Label 

32-35 
35-38 
38-4I 

Puroose 

Metals (I of 2) 
Metals (2 of 2) 
ARI Sample 
AmTest Sample 
Bioassay 
Reference 
Grain Size 

Conments 

light brown to black silt 
black silt 
black silt 
black silt 
black silt 
black silt 

Sample weight 

89.73 
Ill. 93 
336.89 
336.33 

I002.00 
I083.35 
I2!.45 

I057.59 
I86.66 

Cements 

soupy mixture, some coarse 
same soupy mixture 
dry coar.e silt 
color of sediment is black with 
some odor of hydrogen sulfide 

Sample weight 

[[9.83 
I07.7I 
348.90 
3I8.60 

I440.30 
I097 .80 

97.82 
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COMPOSITE 878441 

laboratory 
Number 

878441 

Sample 

878441 
878441 
878441 
878441 
878441 
878441 
878441 

Bag labe 1 

32-35 

Purpose 

Metals (1 of 2) 
Metals (2 of 2) 
AR! Sample 
Am Test 
Bioassay 
Reference 
Grain Size 

Comen t s 

Sa!!lllle weight 

120.45 
127.85 
297.50 
340.36 
780.34 
641.12 
98.74 

C.7 
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APPENDIX ;:) 

BIQASSAY ~ES~ RESULTS AND WATER OUAL!!Y INFORY~?ION 



table 3. Number and percent of larvae within norma 1 • blastula and 
abnorma 1 classifications within various testing solutions 

Cot.'~~h 

"'•ntu<'~--- ~u•ber !!.it. 01 !ut -,on ~ Qlutyla Abrorul Tohl 

SeQ~ • B~y bt~rr 1 " 3 1 ,, 
" StQV·I e., hter ' " " 1 " " Sequi• S.y 'htl:'l' 3 " '" ' " " 

Su• n" Q•o! i<;;~ie':~ "' • "' "' Pen:ent of Tot~: <43.11 
l " 

ss 4! l!IO ilil 

S.Qt.ll Bay f.tter 2 1 " " 1 " 
,, 

Seat.•• 9Jy htt~ ' ' " .. I ' '" Se<lll'* Say ht.t" ' 3 " "' " "' 
Su• <~f R•~l intu "' ' 38 "' ~er~tnl of Total 87. Sll a " 11 8:!1 100.00 

St'<!u • 3ay laWr 3 l " " l ,, •• SI!QIIil Sat fater 3 ' "' " 1 " " !iequ;l Say hter 3 3 " " 1 " .. 
Su1 of ftel)iicaWs "' 3 5S "' Pe•ctnt nf Total 74.22 L33 2<4.44 HJII .00 

StQu ·• Say l~t•r ' l " "' l H "' Sequi• Gay t~ttr • ' " "' ' lD lSi 
Sequi1 Bay hte:r • 3 " 223 l " '" 

S~• ~>f Rep I 1ttl<:s "' ' " "' Per<;er.t. of Tllt.JI 91.84 IL69 LH 1\i!l 00 

~q~.;i• Sty ftt.e:r 5 1 " 3 1 " "' Se;::ui• lhy tater 5 ' " 1 1 " " Sequi• Sty later 5 3 " a 1 ' • 
Sui ef ~pi ,clte".l • 3 " 

,, 
'•·~e~~ of ~o·a1 '" 

, 
H S3 33 ' ·~ lO 

Seq~;, Sly liter ' ! " " ' 8 " S.<3W >I 817 hW• ' ' " .. ' ,. 
" Se~~·• 61y J•te~ 5 ' .. .. ' " SJI ~r qe~:,,ates ll2 " :7: 

:>el'cert of r ;:tt: 11,65 til :e z• ::a ::o 

5<!!!~<·• :by fate- - '5ti••ar1 

'tou 1 Atiull!!Jr:'Ce 

"" " 359 :att! 
~-e~c~~~ of Tot~, 18 J9 1 ,, 22 :9 :Jn oe 
(•trage Ab~ond~nc11 ~06.00 383 sg a3 269 57 

0.1 
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Table 3. Number and percent of larvae within normal, .blastula and 
abnormal classifications within various testing solutions 

A.lcatru Sot.e 
Reftrence later 

Sue of Rep I int.es 
Percent of Total 

.l.lntru Site 
Reference hter 

Sue of Rep I icate, 
Percent of Tot.ill 

Alcat.ru Site 
Reference later 

Sue of Rep I icates 
Percent of Total 

Alcatraz Si~ 

2 

3 

Reference later • Sutury 

Total Abundance 
Percent of Total 
A•erage Abundance 

I 
2 
3 

I 
2 
3 

I 
2 
3 

Oolut1on 

" " " 

" " " 

" " ItA 

D.2 

Norul 

.. 
" .. 

114 
85.07 

a 
I 

• 
' 115 87 

a 
a 
a 

a 
a.ao 

110 
D.8S 

39 87 

131ntu Ia 

I 
I 
a 

2 

I " 

a 
a 
a 
a 

a " 

I 
a 
7 

8 
40 DO 

10 
0. OS 
3.33 

J 
11 

• 
18 

13 43 

IS 
a 

10 

" 8J.JJ 

3 
8 
I 

12 
811 DO 

" 0.30 
18.33 

Tot.~ I 

.. 
" .. 
"' 100 DO 

IS 
I 

" 
" 100.00 

• 
8 
8 

20 
1110. DO 

184 
1. DO 

61 33 



Table 3. ~umber and per.::ent cf larvae within normal, blastula and 
abnormal c1ass1flcations withi1 various test1ng solutiors 

s~~~·· !by lattr.. 1 
Se<:~11•• S.r Sed iuilt 

Su• of R•pl lnt.s 
Pereent of Total 

StQI< •• Say l1ttr l 
Sequ1a a., s~; •• "t. 

Su• ~~ RtQ! ocatu 
Per~tnt of Total 

St!lllil Sly ht.tr l 
St®il S.y Sediaent, 

Su• of R.p! i(JtU 
Percent of TotJl 

Sue of bpticatu 
Per(ent of Tohl 
Anra9t Abul'l:b>'~ct 

' 

' 

1 
2 

' 

1 , 
' 

1 
2 

' 

101 
100 
!DO 

1Cil 
Ill 
Ill 

;QQ 
:co 
Hill 

D.3 

.. ' 125 I 

"' ' 
"' 8823 

'" "' "' 
'" 3L30 

m , .. .. .. , 
91.87 

lii!O 
88.3!1 

3M.OC 

' Llll 

0 
1 

• 
' L13 

• I 

' 
• 

'" 

" 1,31 
5.33 

Almorul 

• • 
" .. 

l2.47 

17 

" • 
" u.se 

' 7 

" 
31 

7.83 

130 
l>l.6o4 
tl l3 

" "' 185 

, .. 
Hill Jll 

lS1 

"' 122 

"' Hlii.O:ll 

"' "' "' 
'" lQO.!lll 



Table 3. Number and percent of larvae within normal, blastula ·and 
abnormal classifications within various testing solutions 

Secp.111 9ay later l 1 
Sequie Bay Sedieent 

Sue of Rep I icates 
Percent of Total 

Sequ i 1 8ay later l 
Sequi• Bay Sedieent 

Sue of Rep I icates 
Percent of Total 

Sequie Bay later l 
Sequi1 Bay Sedieent 

Su• of Rep I icates 
Percent of Total 

Sueur1 of 501 Di !uti on 

Sue of Replicates 
Percent of Total 
AYera;e Abundance 

2 

3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

Di lut•M 

so 
so 
so 

so 
so 
so 

so 
so 
so 

2• 
20 

" 
87 

17.18 

137 
1'2 
132 

m 
93.82 

1211 

"' 131 

m 
90.71 

008 
9172 

302 87 

0.~ 

, 
2 , 
2 

" 
5 
1 
1 

1 , " 
, 
1 

' 
1 

a .22 

lO 
1 01 
J.!IJ 

Abno~u I 

1 

' 5 

10 
D 10 

' 8 

' 
21 

D D5 

20 

" 8 

" '·" 

13 
7.37 

2 •. 33 

25 
28 

" 
" 1 DO 

"' IS1 
1'2 

"' 1. a a 

"' 187 

"' 
"' 100.00 

'" 100.00 
330. 00 



Table 3. Number and percent of larvae within nonna l, blastula and 
abnorma 1 classifications within various testin9 solutions 

t;.)Uflltl 

Trutunt. Hutbi!f !!!.2.:. Di I ut. i ofl ltoru! !llut~h Ab!'\o••a! ;'otJ! 

Sequ, 1 Bay tater l 1 1 " !95 ' 2 201 
Sequ•• Bay S.di••~t. ' " 183 ' 1 '" ' " '" ! ' ,.. 

Su1 of R.J:il int.1: "' • 13 $01 
Ptrctnt. of fohl "" L!ll 2.18- lO!J ill! 

Sequi1 Saylabr l ' l " 111 s 1 "' S.quit Bay SediHnt. ' " " 1 ' 11 

' " '" ' 1 "' 
Su• of Rep! icat.u 334 • 1 "' Piltl;ent of iQ~al "" 1.73 2.02 UI!UID 

Sequia Say hter l ' 1 " " 3 l4 u: 
Sl!lq~ 11 Say S«!d i eent ' " " ' • 'i~ 

l " '' ' • .. 
Su1 of Replkat.u '" " lS '" Pertont of Totti M.21 3.51 12.28 104.00 

Su••ur of U1 Di lut.iM 

Su• of lleplltahs 1152 ,. 
" 

,,. 
Percent of Total 93.73 !.19 .t.4S 1CIUO 
Average Abundanct 384.00 7>3 18.33 A09.e7 

::.5 



fable 3. Number and percent of larvae within normal, blastula and 
abnorma 1 classifications within various testing solutions 

C~X~<~t..! 

Tr .. t.lflnt ~ Qp. Oi !<,t.ion !2!!!l B!ut.1.1h AbMrnl ~ 

fdtlt.ru s.t. l 100 Hi 7 " "' Rehraru:a l1t.1r i ' '"' " • !l " s.qu;. hy Sedi•~t. ' "' 151 • " '"' 
Su1 of R•o!<c•t.u '" " " "' F'erc.ent o( Tot~> 7~.10 ' IS H!, 1S u~.oo 

,t,icttt.ru Sit6 ' 100 1$ ' ' " !«<f •renee later & ' aa " 1 " Sequia Say S~i•ent ' "' " l ' " 
Sua o1 Rep1 icates " • ' 

., 
Percent of Total &1'.!3 • l2 !1:.2S HHUlO 

41!::ttru Sib 3 1 "' .. ' " "' Rehrenc.e hter t ' "' 
,, 

" 
,, "' Sequi• lhy Sedi.ent ' 100 " l2 ' " 

Sua of Rep I icates , .. '' "' ... 
Percent of Totti ••. 98 lll.2D 40.82 HI!Utl 

S~.~~:nry of llfOJ Dilution 

Sua of Repliutt:s ... " "' '" Percent of Tota I "" "' l!!Uit tnO.tiO 
Aver19* Abundance 19S.33 19.67 12.00 267.00 

D.6 



Table 3. Number and percent of ldrvae within normal, blastula and 
abnonna 1 classifications within ... arious testlng soiutions 

Cou~h 

Tntat.l<~:nt. ~ !!!!>.. C;!utiOII ~ 91ntula AbMo~u1 !2Ul 

A.lcatru Sit. 1 " " ' ' " ~hrance 1"aUr 1 ' so " 0 • " ~uia Bay s.d1unt. l so " I 10 " 
Sua of Repticat.n "' ' " 

,,, 
Percertt. of Tot.J: I n.1a !.33 18 !It tDIUQ 

Ah::a.t.ru. Sit. 2 l " ID • 1S " ~ftrence later l ' " S2 ' " " S.,qqia Say s.diHnt. ' " m ' " "' 
Sua of R,pl icatcs "'' ll '" "' l"ere:ent t>f ;otal e7.9I '" u.es 10ll.i10 

A!nt.ru Site ' 1 !0 " 
, u " Rtleren(e later l ' 50 " ' ' ''' S.ll!l it In)' S&d i teflt. l " •• ' 10 '" 

Sui of Rep! icat.es ,,, 
' " 

,,. 
Percent. of Total $7.S9 2.SS "' UQ.IlO 

S11tlit:f of SCI Oi lutioA 

Sua of Rep! iutel !l7 " 181 "' Percent of Tohl 16. &.4 3.11 2D.llS HID. !10 
Average Aburt4anca 205.57 "' S3.57 261.61 

).7 



Table 3~ Number·.and percent of larva~ within normal, 'blastula and 
abnormal classifications wlthin various test~ngsolutions 

hntaent 

AlclttH S1W 
R.f..renu laWr l 
s.equ;, Bty Sed1a.nt. 

Sua •f Reg I \!:ate$ 
Pen:ent ttf Toh I 

Akatru Sit.. 
Reference httr 1 
Stqu·• B•r Seditent. 

Su1 of Re::d katu 
Peretnt cf •l'lt; I 

;.l(at.rll Sit. 
~eference l1ter l 
Stqui• Blr Stdiul\t 

Sw of Rep I i c 1t.es 
Percet>t of Tot.a I 

Su1111ry of 101 Dilution 

5>.1• of Replicates 
Pareent of Totti 
btn~ Abundtnu 

' 

' 

1 

' 3 

1 

' ' 

' l 

fi, lution 

16 
16 
16 

10 
16 
10 

10 
10 
10 

6 

' ' 
• 0.110 

'" 92 25 

!1 
27 
51 

llS 
119.15 

,., 
&!UIO 

12"1.67 

:; . a 

6 

' ' 
' Q_ 00 

' ' 1 

3 
1-ll 

' , 
2 

' :uo 

1 
1.72 
2.33 

• 
' 2 

• l!oll Oil 

5 • ' 
t; 

' " 
' ' 2 

10 
7_1S 

.. 
'" 11.33 

' ' 2 

• 100 00 

.. 
Ill 

" 
271 

liUUG 

.. 
l5 

" 
129 

100.00 

"' 100.00 
135.33 



Table 3. Number and percent of ldrvae w1thln normal 1 blastula and 
abnormal classifications within various testing solutions 

Alo::-at.ru ~hret~Ce 1 
ltter l &78.US 
S.dia•nt. 

Sua of Replieat•t 
P•r(•~t. of Total 

Akatru lbtf•rence 
ht•r l 871W35 
Sodiaent 

S~.a of ~epl!c-.~u 
~.rcent. of Tot-al 

A!ut.ru R1ference 
ht.tr l 17&43& 
S.di .. nt. 

Su• of R~llnt.s 
P.rc•nt. of To~ I 

S!.'U1t'j' o( 10011 Di hlt.i011 

S11a of Rep! icat.es 
Pttcent. of Tot.1! 
A~erage Abundsnce 

' 

' 

' ' 

l 

' ' 

l , 
' 

lll 
101 
101 

Ill 

"' "' 

~ Blut11h Ab~">crul 

a a ' 
a a ' 
a 1 ' 

' 1.~1J 

' ' ' 
a 

Ulll 

' • 
' 
' U!D 

a 
O.lltl 
~.IJO 

a • l 

' ' ' 
' lUI 

2 

"' \1.&1 

' va. no 

• l1 

" 
21 

95.43 

' • ' 
" 100.llD 

3 

• 
' 
'' taO .!HI 

• 11 
11 

" HI~ .llO 

' ' I 
" lGtUI 



Table 3. Number and percent of lar~ae within normal, blastula and 
abnormal cioss,fications within various testing solutions 

o\'l:~trH 'leftre!'lee 
lo.tar & 97805 
Se<:li•ent. 

Sv& of ~~:I •eatu 
?nt~t ;rf Total 

i~,Latru !Wf•rel'lt& 
la:Ut I IJ7U3S 
S•di••nt 

S1.11 of Rep! icahs 
Percent of Total 

o\ :ntru ~ehre:nce 
ht.tr I S7S<I3S 
Sediatnt. 

S1.11 of fUpllutes 
ht<:tfti of lobi 

S1.11nr7 of SOl Pi l<.~tion 

Su• of P:tp t il::~t•s 
Pet~tn.t l)f Tl)tll 
Aver~ge Abundal'lt• 

' 

3 

l 

' 3 

' ' 

l 

' ' 

" " " 

" .. 
'" 

" " .. 

' ' ' 

' ' • 
' 0.06 

' ' ' 
• 0.00 

' 0.110 
ll.QO 

' l 
1 

' . " 
l 
0 
0 

1 

' " 
1 

' ' 
l 

"' 

• 
4.71! 
!.33 

• s 
l 

l4 ,. 
s 

" 97.73 

' 1 

' 
" l!Ul.llfl 

" 95-_.C:l 
27 .Ill! 

' ' ' 
" 100.30 

!S 

" ' .. 
100.00 

' 1 
s 

.. 
lOlUII 
:!!UO 



Tdble 3. Number and percent of larvae within norma!, blastula and 
abnormal classifications within ~ar1ous testirg solutions 

.\lcatrat R.hrenu 
rater l 87843& 
S.dinnt. 

Sua of R.,tlcatu 
!;runt. of Tot<ll 

Alcatru RehNmc• 
later l 1178435 
s.d itent. 

S..... of bp1 !t:ates 
Percent of Total 

Al~~traz Rtfer!n~e 
'hter l if84JS 
Stdiaent 

Su1 of Rap! !cates 
?.rcell~ ot Tota> 

SI!HifJ o1 101 Oi ilJ~ion 

S11:11 of !q!JI icat.cs 
Per~ent of T~:~tl I 
her;u~e Abwldam:e 

' 

' 

1 

' 3 

1 

' 3 

1 , 
' 

10 
10 
10 

" " " 

10 

" 10 

" " 87 

"' 7fl- &9 

.. 
" .. 

127 
57.21 

59 

" " 
185 

71.1S 

5<12 
69 ss 

137 .a! 

J . I : 

' 3 
1 

1 
(. 1$ 

' ' ' • 3JIQ. 

,, 
2.72 

"' 

" ,. 
" .. 

1i.l1 

38 

" " 
" 38 14 

" " " .. 
:28.15 

" 12! , .. 
,,. 

lDO .11:1 

•s 
" 17 

"' 100 00 

.. ,. 
" 

260 
1'30. co 

&OS 
HID. DO 
?59.33 



Table 3. Humber and percent of ldrvae ·...-ithi"l nonM1, blastul-a .3nd 
abr~orma 1 classif1cations ·..,ithln .va"ious testing solut~ons 

Tntit,~nt ~u•bt r 3.!£_ til lutoon '!2.!!!.!. 91utuli ~b~oru I r ot.1l 

.\lcatru R4hrenct l l 100 a ' ' • ht.t~ l 878011 ' lBG D ' ' ' Sedi•ent. , 
"' a 3 • l1 

S<11 of R.eplic~t\11 a ' " " Percent~~ rota I 0.110 47 37 u·_n latlUl:O 

,\:c1tru ilehreflce ' "' ' ' 1 1 
btu l &1343e , 

"' ' ' ' • Sedo .. nt. ' "' 1 ' ' ' 
Su• of Reo l H:atu 1 ' ' ' Percent of i;>hl 1111 55.S5 33 33 tOll !10 

Uca:tru !:leJe~enct ' : '" 1 ' " " ltter l 178-fle ' 100 ' ' 7 ll 
~is~nt ' "' • ' 12 !1 

Su1 of Rt:pl ic1U!1 1 11 ,. 
" Percent of lot.J I ~.08 31. Sf 80.-42 lOILIIII 

Sv••ary of 1001 Jil~tion 

Su• of Rep I i cJtes ' " 
,, 

" Perctnt of Total 2.ea '2.11 ss. 211 tGO.IIn 
AYer~~e Abund:an<e O.M 1C.57 14:.00 25.31 

:J. 12 



Table 3. Number and percent of larvde with'n normal, blastula and 
abnorn<t l cla~sificntions within various testing solutions 

Cou11t' 

irut .. f'lt. ~ !!!e.. l)i lut. iol'l ~ B.lut.ula A,~r•tl !£.W_ 

Alutru Referen<.t l l " 0 l 0 1 
1lt.tr 1 878C38 ' " ' l 0 l 
Sedi .. nt ' " ' ' • • 

Su1 of Rep I ic:~tes ' ' • • Pet¢tl'lt. of Tqt.al !UII'I 25. DO 75 .. 1110' 11!1 

Alo::ttru !'.terence ' l " ' ' ,. 
" tatu t G1U3& ' " ' l ' ' Sedi•~t. ' " ' l ' • 

Su• of ~•oli•atu 0 • " 
,. 

l'trtel1t of Totill iL 0:0 H.29 as n t!IO.OD 

Aleatnz S.hrenct ' 1 so ' ' ' ' hUt l i7S4J6 ' " • ' ' • S..di .. nt ' " 1 ' ' ' 
Su1 JJf bpi !C:It~ 1 " 14 2! 
~.r,ent. o( T~tt! 1.1Ll U.44 51. BS tOO CO 

Su11aty of SGI Oi l~ttion 

S1.11 Gf h'l'l ic:atu l " .. " Ptr(.ent of 1 chI 1.59 Z8.S1 69.U lO!I.Illl 
AYer01ge i\b,mdln'' 0.33 lUll H.67 2~ ao 

0. 13 
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Table 3. Number and percent of larvae within -nooMl. blastula·and 
abnormal classifications within various testing solutions 

(~11/lt!; 

Tre~t.e"t ~ !tt_ .9.: •. ~\!t.' Of! ~ Bin~ ~f!tlrnl Total 

.4-icatru Rderence 10 10 l ' ,. 
ht.et l 878~36 ' 10 lB ' ' u 
S.diunt. ' 10 " ' " ,. 

$~;1 of ftepo icltU 7l ' " HI 
Percent. of Tot.al e,!_M; S.41 3!1 13 ~110. 00 

Akd.rlllt Refereeu::l!' ' I " 
., ' 7 " lat.r l 8?8436 ' " 71 ' • .. 

Stoiaenl. ' 10 " ' • " 
S..• of l«pl ;uws "' ' " "' P4tuflt. of To~l ,..,, 

"'' ' " lOti llti 

Ak~tru lb!fere'lc:e 3 I 10 ,. 
' 11 .. 

f1ter l 878435 ' " .. • • .. 
StCi•ent 3 10 .. ' " " 

Sl.l• cf Repd ic~tes 120 • " '" ?Hctnt of Total n .. 3.59 24 .ss HHLC!I 

su .. ary of 1111 Dilution 

Sui of Rep I icatts 380 " 90 "' Percent of Total 71.87 !.69 IIU.t 100. no 
be rJge Ab1.1ndance 1:28 8? 6. an 30".00 lt-2.67 

J. 1.: 



Table 3. Number and percent of larvae witnin normal, blastula and 
abnorma1 classifications within various testing solutions 

(ovnts 

Trnt~e~t. ~ ~ !li lut1on ltorut B!ut~o~l1 Abnor•a i Tot.1l 

Alcat.rJ! Referenc• 1 1 "' 7 ' 17 " ht.1r l 673<437 ' 10Q Q 1 • ' SMiMnt. • "' 1 1 1 • 
Sua of llep! 1utes • s " " P.rc*At. of T~t•l 21 52 13.51 ~-88 lall.!l!l: 

Alnt,ru Rt:hrci'IC• ' 1 1QQ Q Q 5 ; 
lt\41' l 878.Q7 ' "' Q 1 1 ' S.dilltf!t. ' "' Q Q ' ' 

Su• f'Jf R.epl ic:ates • 1 • ' Pareent of Total '" 11. tl 88 89 100.110 

.ldnt.r:u Reference ' 1 "' I ' ' 10 
l;ater l &7J437 ' "' ' 5 ' " se~f·•~,t. ' "' ' 1 " " Sua of Rep! int.u ' " l9 .. 

Percent. of TQta I a . .ts 12.26 1!1.29 111!1.00 

Su•urr of 1110!1 :>i!ul.io" 

Su• of RtJd icates " " S! 71 
Percent of Tot1l U.'N 20.78 "" 100.00 
Altrage Abundance 3.33 "' 17. !10 25.87 

D .15 



Table 3. Number and percent ~~ 1 arvae·"·.wi ttri n ·n-erma:l • ·~blas tu 1 a dr\<i 
abnormal d assi f1cations within various testing soluttons 

(¢1JIIU 

ll"fllttlllt~ lh.JIIber B.!JL Oi IIJtH:>n illon~1 I Blutula Abnornl !.WJ. 

AkH.ra:e ~ehr•nn 1 1 so D 1 3 • tater l &7U37 ' .. • ' 3 s 
Sedi••mt. 3 iO D 1 ' " 

S11a of R•pl tut..s 0 • " " Parcenl. of fetal e.nn ~t il$ 18 95 Hill on 

AC<atru: R.f•r•nu 2 ! " 0 ' 1 1 
••ter l 1178.(37 ' " ' ' 1 1 
s~diee~~:t • " ' ' 1 1 

Su• d Rt;: I ieat.u ' D 3 ' Pereent of Tt~taf D. " 0. Qf) !DO " 100.00 

Alc11t.n:: l!tferenc• 3 " ' ' ' ' lattlt l 8:78431 ' " ' ' 7 7 
SediHftt. 3 " I ' 3 3 

SUI: of Rep! ic:at.o ' ' !I " Pert:IJnt. irl ToW I ILIIO 28.&7 71 .. 10tLOQ 

g,_,._..,, of SOJ: Cllvt.i0t1 

Su• of Replicates ' • " " P.rcllt'l-t. of hh I 0.00 IL22 ' " LOC 
Avertge Abumbnct o.no 2.111 9.33 17.00 

D, 16 



Table 3. Humber and percent of 1 arvae within nonna l, blastula and 
abnormal classifications within various testing solutions 

Counts, 

Ttil'l~~nt. !lvi'bl!!r !!L Oilu~•on !!2!!!!. BluttJIJ .lbnol'1l:al Total 

Alc:atru Rltfuenu !0 .. ' • " hhr l 57!437 ' 10 " ' ' " Sedi1ent. ' lD " l " " 
Su1 of Rtpl il'atn ~· ' " "' Percent. of TotJI VIU8 ~ . .til ' " 1116.00 

Al<:tt.ru Rahrenu 2 ' " ' ' ' l 
htu l 878437 ' " ' D • ' s.diw611\ ' " ' D ' ' 

Su1 of R11pl >ut.a. ' l ' ll 
Percent of Total 19.18 "' 72.73 t!Hl.lll 

Ak~tr:u Reference ' ' " n ' • 29 
httr I 81S437 2 lD l! ' ' 21 
$6di1ent ' 10 " ' l 11 

Su1 of R.pllutu " ' " 81 
Perctht of Total "" LU 14.93 l!I!UIQ 

Su••tf)' of lllJ IIi lutiefl 

Sua of Rep! icates , .. ' ., "' PtN;tnt of Total 85.87 1.91 12.42 lO!I.OC 
A~erage Abundanu 9S.l3 LOll 13.67 110.00 

J.!7 



.. •. . "' . . '" ... 

Table 3. Nullber alld .percent of hi'Yte within nomal, blastula an~ 
abnormal classifications within various testing solutions 

... 
lAttA*l!t !!!!!!:!! !1!!2,. Oi l.t. iOI'I !!!:!!.! Blu~h M»lo!'ht J$1 

AICI\tit Alf•~· ' 1 1K 1 • 12 " la\41" l tTtul • Itt t ' • IS 
WiNnL • m • ' It .. 

"-of Alpliut.et I .. .. " P.rceCIIL vf T.UI 1.11 12.00 •••• 111.01 

Ah:at.ru Atf.,.et!U ' I 110 • II • " ltt41" • t7IUI • 110 I 14 • .. 
Wi~~t~~' • 118 • • • 12 

Sill of lltpllca\41& I .. " •• hrcenL of total •. to ..... :JO.Il HII.OI 

AlcaLrta Rlference ' ' !It • 2 I • laWr l &114M • ... • ' • " s.diHM • Ill 0 1 10 11 

,_of .... liutN 0 • 19 .. 
P.rc..,, of Tftal .... .... 70.11 119.01 

Sauaq .t' tell Di hA.iCHt 

Sut of Rltpi tn\.n. I .. ., 
"'' {' P.n:eflt of Tot.. I Ut #.72: 54.47 111.01 

·. Avenge Abttncl.nu .... IOU 22 ... 4LOD 

O.l8 



Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

~nt!: 

Trut.l!!l~ ...... , !!.!!. Qi ly\i!" ,..,,.., Blutvl! Ati~~C~rul !m.l 

Alnirt.t fbtt•r•nc• I I $0 I 0 I I 
l1t.ar l 17M.se 2 $0 I I • ' s.di••' ' .. I • 2 I 

s.. o1 llltplicttM I I 7 • h~ of Total •••• lt.17 1.17 1U 

Alcairll ltf•r.nce I 1 51 • I 7 7 
lat.a r l 17e.ul ' .. • ' 7 II 
Stdiunt. ' " • 1 12 " Sui! of Jt.pl ie~t.u • • ,. • • Pwlf'(lfl\ of Tobt 0.00 1.1! t.e7 1.00 

Alnt.ru ltf•"-"=• ' I •• I I ' • lat..r lJ7J.4a I .. 0 ' I 1 
s.diHM ' " I I • • 

S. .r ltpl icat.u I ' • 10 
hret~~t, of Tot.ai .... 0.21) .... 1.80 

Su.larr of 511 Dilu\i~ 

Su• of ":f' i~;atu 0 1 41 .. 
p.,·ctM o T ot.a I lt.DI) 15.H 19.13 1oo.ao 
AvtraQt A&IPI1J~• I.Da U.l u.e7 1$.3.3 

0.19 



Table.3 •. Humber and percent of .larvae within nonnal, blastula ami ·· 
abnormal classifications within various testing solutions 

cov.,ta 

Trut. ... nt. bkr .. , Oiluticn Manti B!utu!• Mmorul !!2! 

AlcJttlt Aefare~• 1 1 It I 1 ' • tmr l er..a • II • • 1 1 
s.diuM l 11 I • • • 

Sw of Repli<:Jf.u • I 11 12 
P.rclll'lt. of Toll I UIO .... 9L87 100" 00 

Alutru hfannca ' 1 11 " ' .. .. 
laur l 17a.M I u .. 1 15 .. 
s.di••fti. ' 11 " 1 • " 

Sua of R..pl icat.s .., 
' " ... 

P.rnnt. of Tot.• I IUO 1.2£ 31.&8 moo 

Alc11t.rs: a.fart:fl<l ' I 11 1 I 10 10 
laUr l 47143& ' " 1 1 .. " s.dJaent. l It • • " 16 

b of Re~tl int.o ' ' .. " "-rn11t. of Tol.t f !.77 1.71 t2.<1$ liiLIQ 

Suuary .1 101 Oi I ~~Lion 

Sui af IWplintAa 100 • Ill "' P.runt of To\.1! ...... ..,, >49.13 1GG.DC 
A'l'a-rao- Abulldtno IU3 1-07 11,10 7&.DQ 

0.20 



Table 3. Number and percent of larvae within normal, blastula and 
abnorma 1 classifications within various testing solutions 

~·. 

Ttut.••nt !!:!!!!! !!!L. pi I u\ion Jkl!"'l!l 91nWI! Abno,.ul Im! 

A.lcairu WU0<-1 l l ... I t : • ht.r l 171439 ' m I 2 • • s.fiMft\ s 180 • ' ' • 
Sui of llltpl int.u • • u 21 
hN:'*"'\ of Tot.al 0.11 2t.S7 71 ... 101.111 

Alcat.na tt.hrti'IC• ' ' 110 • • • " ..... ,. 1 !7&Q9 2 110 I • • 14 
s.di .. J!\ s liD I • " 15 

Sn of Ft.plicat.u I " 23 .. 
Ptt"CMt. of Tot.at t.lll 48.51 53.49 1111.01 

Aln\raz llef•rtn<• • l '" I 11 • l6 

''"'' • 17&4!1 ' 100 I • l • Wi .. nL • lOt • • • It 

S... of Aep.l ictt.es • " 11 31 
Pltrcet. of Tot.al '·" 64.12" 35.41 1011.11 

!M.d:ati'J of 109 Oi lvt.iM 

S.. of a.,lica\es • .. .. " P.rcMt. ot Tot.al '·" 44,42 51.5& 1111.00 
"'''• Abund.nct 0.11 lS.U 11L33 SLI7 

0.21 



Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

Count.s 

Trnt.nl\t. ._,,bet !!§... Oi lut.iOft 'klrtli 9luwh AbnG~a! !Wl 

A I eat.nl Rtftrtnc• 1 I .. • I 1 4 
l1~r l fTUH • •• I G I I 
s.diltot~~\. • iG I • $ $ 

Sa of a-,1 int.es • I • " P1~~t. of Tot.al 0,01 25.00 75.011 100.00 

Alctt.ru Rtf•r•nct ' 1 it • I • 7 
lakr I 11U!t ' so G ' ' 4 
Sedi .. nt. • .. G ' I • 

Su• of Rflpl icat..s ' ' • 14 
P•rc•nt. of f.ot.a I D.OII 15.11 ..... 100.00 

A1nt.tar Rthrfl'M::• • I .. • • ' ' l:~t..r l &7&439 • .. • • ' I 
SediHI'It. • 10 I • • 6 

Sui •f Rt91 icaw. I • " •• '-n::Mt •f Toh!l .... 1.14 1110 .II Hli.OI 

Sul~trr of SQS Oilut.lOA 

Su• of Atpticat.s G • " S6 
Percent. of Total 0.1!8 "·" 17.18 lOO.OQ 
A~t•rat• AbuNhne« 1.111 t.S7 .... 11JIO 

0.22 



Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

Cou11h 

Tr11\.Mn'- ~ R41p. Di lu'-ion !!rul Blas\.ula Abnor.al Total 

Alca'-nz R.faranCI 1 1 11 ' 1 • • laYr 1 871431 2 11 I I 2 2 
s.diaent. • 11 I I I 1 

Sua of R.plica'-a ' 1 • 7 
ParCin" of Total D.DD 14.29 116.71 lBD.DD 

Alcat.raz R.faranca ' 1 11 I 2 a ' laYr & 1714.!1 2 10 I 2 • 11 
s.di .... t. I 11 I ' • ' 

~·of R.plicat.u I • 12 10 
Perc.,.\ of lobi 0.00 ..... 88.87 1110.00 

Alcat.nz R.faranca • 1 10 I I 7 7 
laYr I 871439 ' 11 ' ' 7 7 
s.diaant • 10 I I • • 

Sw of R.pl icaYs ' a 17 17 
Percant of Total 0.00 0.00 100.00 lDD.OD 

5U111rJ of 101 Dilution 

SUII of R.pl icat.u a 7 .. " Puunt. of ToY! 0.00 11!.117 ..... 100.00 
Average Abundanca 0.00 .... 11.117 U.DD 

0.23 



Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

.,, 
ftnt.lltnt. Mutbcf .!!!!. Dilution !!!!!.!! Blutuh Abnoraa1 !!W 

Alcat.ru R..ftret~et 1 I "' ' ' " " ta\4r & tta.e:~D I 110 ' I 10 11 
s..d itet~t. I 110. ' ' ' • 

b of Aapiiut.o ' ll ~ •• P.rcent. of Totti 1.11 N.U 75.56 ti!G.CG 

Al~atrat Rlf•rtnet I 1 "' I ' ' • lat.r I 17M40 I "' 1 • • .. 
s.diHAt. I "' I 1 • 7 

St.~~ of Ft.pl ica\4s ' 11 II '' Pncet~ll of Tol:.al l.to Sill &0.1111 100.90 

Aic1t.r.: a.ftrtn<t 3 I "' • • II " fa\.tr & 67M41i ' 111 ' • ' .. 
WiMat. 3 IJQ I ,. • ,. 

S. of ltpi icat.u I $$ ,. &$ '"*t«M. Jtf Total Ul IUt 41.17 110.08 

Sut .. r; of 10111 Dilut-ion 

St.ill of a.plin.._. I " 70 m 
Percut. of Tot.tr ua ..... &5.12 lOD.DD 
AYtr-aQ6 Abundance .... lt.IO "·*' u.u 

0.24 



Table 3. Number and percent of larvae within normal, b las tu 1a and 
abnormal classifications within various testing solutions 

'"'"" 
Tre•t..•n'- llu•IMir R.p. Di lu\ion !!!!!.! Bl11t.ull AbnOMIII lobi 

Alc1t.r11l a.ferHCe I I " I I ' ' l•t..r a 171440 ' .. I I ' ' SediMftt. ' .. I I • • 
Su1 of R.p I i cates I I 11 11 
Percent. of Tot.al 1.11 0.01 1.00 1.10 

Alc1t.r•z ltllferenc• ' I " 0 I ' ' lat..r l 171441 ' " 0 I 7 7 
s.dieent. • 50 ' I • • 

Su1 of ltllpl ica\.N 0 ' 14 14 
Percnt. of Tot.al I.DD 0.00 1. DO l.OD 

Alc1t.r11 R.ferance ' I .. I ' • • l1t..r l 171440 ' so ' I 14 " Sedi .. nt. ' " I ' 10 " S.. of Rep I i Cl\.411 I • " .. 
Percut. of Tot.• I 1.01 IU2 0.11 1.01 

Suii••I'J of liDI Di lv\ioa 

S.. of Aliplie~\.N " I • .. .. 
Parce11t. of Tot.al I.DD 1.71 "·" lDD.DD 
AYe~ Abund•nc• I.DD !.U 11.!3 19.17 

0.25 



Table 3. Humber and percent of larvae·withln nonMal, .blastula and 
abnormal classifications within various testing solutions 

(tM,!ht• 

T rt!tllf!IS: ... bo, Rio. pi I!\ lOll •rw•l Blut.ul• ~Ot'l-11 !W! 

AIC'1t.nt Rahnnc• 1 1 u 11 0 " .. 
I:1Wr l 87a.t40 t 10 II I " 110 
~iHftt. • 11 .. I .. .. 

Sw ot Rl:pl iuW• 2<1 • " 294 
'-'<'~\ of ToWI 14.11 .... 15.99 UD.BG 

Alnt.ru Rlf•r•m::• • I 11 • 0 ,. ., 
lt\411" ' 116140 2 10 • 0 .. " s.diunt ' 10 • I ' " 

H• of R.tp 11 c:tr~c.s " • " 71 
Ptr-etftt. of Tol.al 21.7& a.DI 73.24 lOB.DO 

Alc:tt.ru R.tf•r.ne• > 1 " " • ., .. 
laWr & 11J.Ut • !0 .. I "' .. 
Said!.-\. • It 41 0 .. "' s.. ,, llpl i.:atu "' • .. 2M 

hn:mt.of Toial lUI uo 12.14 UIIJ.tl 

Suuti'J of lOJ Oi l'lf.iDII 

S.. of R.tpl ktt.M ... I liS m 
Ptrc:tM of lot.• f n.li "'' 26.11!0 100.00 
Av•nft AlMtndanc• "'·" uo 65.10 lii!O.U 

0.26 



Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

-.. 
Tt4t\.Mnt. !!!!!! !!!!c. Di-ldion !!!:!!! at .. t.uta 

__ , 
Im! 

Alc:•\ru R:ef•r•11c. I 1 11f • 2 1 • .... ., .\ 171441 • 11f • • • " s.ditent. • 11f ' I • • 
SUI! of ..,, iu\.u • 1 17 ,, 
Pen:et. of loY I .... 21.17 71.11 lU.II 

Alctt.rat Rlf•~• 2 1 ttl I • • " lti.tr l MMU 2 ... • I • 1 
s.di.Nft\ • ... I 1 " 11 

SUII of Rlpl iut.. • • 2t 211 
hrcu" of Tohl Ut 2l.U 71.57 llt.ot 

Alc.t.ru W•r•nc• • 1 1H • • • • 
''"' 1 111«1 • 1tt I • 1 10 
s.tdiMflt • ... I • • • 

SUII of a.,1 ic•t.u I • " .. 
hrc.nt. .t Total 1.01 .... IW.DI lh.ll 

Su••I'J of ua Di lt~t.ion 

" 
SUII of st.,licatQ • .. .. n 

I Por~:ri of 16\11 O.Dt 21.57 71.4$ lll!LOO 
Anno- Atlt.mdPn 0.01 1 ... li.JS 2$.&1 

0.27 



Table 3. Number and percent of larvae within normal,. blastula and 
abnormal classifications within various testing solutions 

Counts 

TrettAen\. Nutber !!!L Di lut.ion Nornl Bhst.uh Abnornl Tot.al 

Alcat.raz Rlference 1 1 " ' ' ' ' ltt.tr l 178441 2 " ' ' I I 
SediMflt. • .. I I • • 

S.... of Rlplicat... I I • • Plircnt. of Tot.tl D.DI 21.11 10.00 lDD.DD 

Alctt.rez R.ference 2 I .. ' I 7 ' ltt..r a 17114-41 2 " I 2 7 I 
Seditent. • .. ' ' 12 12 

Su. of Rip I i cates • • ,. ,. 
Perunt. of Tot.a I D.DD 1D.S4 a~.ea lDD.DD 

Alcat.rtz Rlference ' I .. ' 2 • • lat..r 1 178441 2 .. I 2 • 7 
Sed i-t • .. I I ' • 

Sui of Rip\ ictWt I ' II II 
Percent. of To\.tl 1.11 31.25 A.75 110.10 

Sutttr)' of 501 Di Ill\. ion 

SUI of Rlplic11ta ' • 41 " Percen\. of Tohl D.DD lS.DD 82.10 100.01 
Anrtve Abundance 0.00 I.OD 1~.17 11.87 

0.28 



Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

t011m\a 

TroW"\ ,.,. .. , A.p, Oi lvt.ion ...... at .. tul• Abftoratl !!!!! 

Alui": l'tf•n~nct l 1 " " • II n 
ftWr l 17&«1 ' " n ' " 12 
s.diHnt. s " Ia • " I& 

S. of lfJI iea\tt 111 15 " 111 
Parunt. of ToOl ..... t,t:J !9.21 UUt 

Alelirat Raftrtnc• ' l 10 12 2 • 211 ,,.,., a &71441 2 11 ll 2 • 21 
s.diHnt. ! II 24 ' ll " Su of R.p I iu\ ... " • ., 114 

hrcWI\ of Total n ... 1.111 ..... IOU I 

Alc:at.rn lbtftrt~nu • l II 1 • • • laMr l 171«1 ' 11 • ' 7 1 s.n • .,, I II I • 1 1 

Su. of Rep liet\.M. 1 ' 22 23 
Ptrt•t. of TcUl .... I.Ct 95.11 188.~· 

Sciutl'y of 101 Oi Ill\ ion 

Su• of ._, iuHt 15'1 " 111 ... 
Ptrclltl\ of To'hl &cua 1.11 3&.Bt 1111. ao 
Awtr~ ~~~• u.ao 1.!1 33.57 ..... 

0.29 



Table 3. Humber and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

'" 
Trut. .. nt ........ "e, Oi !utlGII' lku''"! B!utuft Ab~ru! Totti 

Alc•t.nr Alhr•nc• l l ... I 1 ' 3 
ltt.r l !J7ut7 2 110 I 1 1 • s.di•tt~t. 3 lDI ' I • I 

S. .t Rltpl icd.u ' • • ,. 
hi'I::(Mlt. of Tohl 12.11 IlLII !7.51 lOlLOD 

Alcat.r1z Aef•rtnca ' 1 ... I l s • ltWr l ll'85.t1 I ... • ' 2 ' s.di•nt. ' 
,., I I ' ' 

Su• of Rip I iCit.es I ' • 12 
P&rcont. of Total Q.DD 13.13 33.87 10~.011 

lle&t.ru R.f•rtMI ! l 101 I • ' " J•t.tr 1 178$87 ' 101 ' s ' ' s.di-.nt 3 '" • • ' ' 
54.- of Jlltplicaks • IS " 2li 
PercH\ of Tobl .... SUI 41.11 1111. eo 

SUHif'J of100JI)ilution 

Swl l>f llafilint«• 2 11 " .. 
f•r-.::•nt. of Tot..! U7 se,.., 45.78 lOO.atl 
Av•r•tt Abwnd•nc• 8.87 9.18 1.08 17.87 

0.30 



Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

... 
Trg,_.!AA l!!!!m I!!L Oi lutielft ,.,,.,, !lu\ylt Abno,.,, !m! 

Alnt.nt Wtr.nc• 1 1 " I • 1 I 
fat.er I 171£17 2 A I • 1 ' s.diMftt. ' A I • 1 • 

s.. of R.pl i~lt.u I • • I 
P.rc.nC of f~al '·" ... ., ..... 100.11 

41e:~t.ru W•r•nc• • 1 A I 1 • • lttAr a l11A7 2 Sl ' 1 2 • Wiafftt. • .. I I 1 1 

Sw of R:.pl i<l~ ' 2 • • '-rtri of ToH I O.DG 25. CD 75.00 100.00 

Alcatr•~ Alf•r•nc• • 1 .. I • ' • ... ,.,. l 171517 ' Sl I ' 1 • s.di•eM. ' Sl • 1 1 ' Sw of A.plictt.l • 1 • ,. 
htaai of To~l .... ..... ...,. UIILCD 

$uuarJ ol &Ill Dihlt.iort 

SUII of Rap! ictt..l! • ,. 
" " Ptrc•n., of total t.at U.IO 51. DO llt.DD 

Antt;oe ~wuf41nc:a O.DO 6.11 lUI 18.111 
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Table 3. Number and percent of larvae within normal, blastula and 
abnormal classifications within various testing solutions 

Cooo\o 

T roa\aletlt ... bo, Ret. Oi lu\iot1 !m!l al .. tula Abno ..... IS! 

Alc1\r11. A.ferenn I I II .. • 14 .. ,,...,, a 171517 • II 117 I • 114 
s.diMII\ • II .. • 7 .. 

S.. of R.p I icat.u ... 1J D . .. 
P.rcent of To\all •• 11 .... .... lDD.ID 

Alc.t.n.r. WerMCe • I II Ill 7 • 171 
""-' a t71617 • II Ill • II ... 
SediMnt. • II m I • Ill 

S.. of A.pl icd•• Ul II 21 I7D 
P.rcent. of Tot.al 11.11 1.11 .... lDD.DD 

Alcatru R.hronu • I II .. • I u 
I.Wr I 171617 • II In • • Ill 
s.di..nt. • II 74 I • ,. 

S.. of •p li c.at.u ... 7 II . .. 
hrc•t. of Tot..l ..... .... 4.17 lDD.DI 

!k..ai"J' of lDI Di lut.ion 

b of R.plicat.u .. .. .. 1171 

( hrcent. of Tot.. I ..... I.U 5.12 110.10 
Average ~ndanco 127.17 11.17 li.DD :na.u 
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CO{ 4 SM rran<:hc:o 
llOo1SSir VJter Ql.l•l1ty O.ta Paq~ 1 

tlcte of Observation 't.,'{ ~- .... "" ~4 "'\~ 
Ti• of Qburvat ion c "\ oo 4 1 '-Oe ~""5~0 
Obnner .tW,....."' 

Trutatl'lt Oi1vtion Jar Ito. S.linity o.o, ,. 
(\) {o/oo) ("'l/1) 

anm 100 I"' ,.:-.o ; -\~ .,~ 

818435 100 2- c.-;,.., )·IJ> ,. '' 
87M35 100 3- "'.i!"."' , ... '* ...... 878435 5Q 1- 'l..o7 "' -.... '" . ,, 
81&415 5Q z~ "-1-.0 .... !·'-l 
878435 5Q '"' 'l..t .... , . 1). '·•=t 87843S 10 I./ -..S'.<> "\·04 1·<><> 
87&43S 10 z~ "-!·. '·-<- , ... ~ 
818435 10 , .... \..oo>.o .,_ ... ) .~, 

813436 100 1-' ...-.. ,,, ... ... ' 'I 't 
818436 100 ,~ ...... ~ '\. ~. \ ...... 
11M36 100 , ..... .......... J·"- ":l ,."'I . ,..,. 5Q 1- "t.:-.... , .•. ..,., 
878436 5Q 2-' ~?. .. .... '::I; 12. '-l: 
818436 5Q 

,_ 
ill"' .... '~ .... .... , 

!1&1136 to ~- ,. ..... :p .. , , i'\,'\ 
B784l6 IO ,_ 

...... -... l-'"'- ··~ 11 ... 36 10 , .... 'L(" •• ,.u, . ... 
m~n 100 t" l..t\. f..-"'1.~ "'\-"' .:" 
11007 100 ,_ 

u.~ ..) . ,.,.. ~·~'b 
11W1 100 ,.,. 1..(-6 '-·'"' ,_'E 
878431 5Q ,_ ....... 'V'-> .. • "t..'\-
878437 5Q ,,. 

"'·· J .~It" ., ... ,.,-
•878437 5Q ,.,. 

~ .. l•"'...' t,:.' "\ 
878431 to 1"" UOw '1-·'--t. •·"4 878437 to , ... ..... .. "'\·•• , ... 
0784!7 10 , ... H.- ""·"~ '\4\ 

818C8 tOO ,...- ... ~ .... ,_,_, 
~"-.... -.,...,. too , .... .... .:-.-

··~ 
, .... 

378438: 100 ,_ 
s. ("", .. ..,._,_ 

'§ "\'\-
878438 5Q t- 'tot"·. "•« .... 
87 ... 38 5Q ,_ ,_:c=, ... "\· !4,. ··'\..l 
87WS 5Q ,_ 

b-.• f. ''l!. ., -~'II: 
818-438 10 1-' ~~ -,;. '"J: "'~"'"'~" 878438 10 ,_. 

""-·o ,_,.,_ , ,. .,..38 10 ,_ 
'l:.t.t, l·s! 

,..,._ 
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COE ~ Sift trlftti$(0 
Bioassay Wtt~r Quality D~ta 

one of ObuNatiot~ 
Tl• of ObleNat li.N\ 
Obi!ierver 

TrutMftt l>l1utlon 
(\) 

878439 100 
818439 100 
818439 100 
878>39 !0 
anm so 
371'39 !0 
87&U9 10 
&7M39 10 
818439: 10 

878440 100 
818440 100 
878440 100 
478440 so 
878440 50 
878410 50 
878440 10 
878440 10 
878440 lO 

878441 100 
813441 100 
818441 100 
87&441 50 
8.78441 50 
S78A41 50 
&7$441 10 
678441 10 
818A4l 10 

818581 100 
818581 tOO 
818587 100 
818587 so 
818581 so 
878587 50 
R7SS87 10 
818581 10 
878587 10 

Referet~ce 1120 
Refe:rtnc~ H2D 
Rtf~rel'lce 1!20 

Jar llo. 

1 ~ 
,~ 

3v 
1-
,~ 

3~ 

1~ ,.,. ,_ 
1 -
z~ 

3~ 

1-

·~ ,_ 
l' z-' 
3~ 

1 ~ 
2-' 
3v 
1-' 
2~ ,_ 
,~ 

,~ 

)./ 

1-
2-' 
3 ~ ,_ 
z~ 

3~ 
t~ 

'~ ,_ 

' 

'Salinity 
(o/oo) 

e.; .• 
.... ~ .. 
'1:.: ,Q. 

~-U 

Z.£ .... 
,c-.o 
l.~-Q. 

~-v 

~ ..... 
't..~·" 
,, b 

Z.~-"' 
1~.;g 

~t' .... 

~-­
~­.......... 
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cor . s-~ ft.ncisco 
SiO.UH)' ltUer :)vility n.u '"~" J 

Oitt of Qbserv•ti~n .... ::r- '\It,. 
~>..,.. ,, Ti-. of Observ•tion --.110 • ' "-""'=> 

l)b$er•er J:W-' 
,....., f5'\\'--.-o. 

TrUbfleflt Di ll.ltion Jar No, 5•1inity o.o. pH 
(\) (o/oo) (.,Ill 

(,B•ttelle 1120 l ~ ~ .- ... 1 •• '" ("''"' ""' ~~ no "<o 't ... "\-
...... ~ .. --~" so~ttelle H20 ,_ 

lo •• (:1 , ...... .., ""L 
.._ .. -. B.tttelle 1'120 ·- 'It(". <I 4 .&;<'" . '" ~-. ... '-t S.tte 11 e H20 Sv Ji-"" ' '" '''-B.attelle ll:20 ·~ 

,._,.._ .. ,_.;, 'l ., 

( Seqvia Sed Cl !00 1"" "-'"·• .,. . '-. '" Seqvi11 Sed Cl 100 ~- '\,.,_- .. '" ,._ 't, I ......... Cl 100 
,_ 

'&.('.Ill ~ ., ..... , 
Sequi• Sed Cl 50 1 ~ 't ,-... "1- .• ' ... \. .. 

~ ''"'--.~ ~~.li• Sed Cl 50 
,_ ..... ~ ... ~--~ i:-•3: 

Seq~i• Sed t1 50 Jv •r- • J. ,, '\- I'S 
Se-qvia Sed Cl 10 

,_ 
er.o ,_ ,...,... 

'-'-"-
Sequia s~ Cl 10 ,.,. 

Z--1,~ .. :!·<1 '!!.·"-• 
Stq~~ia Sed Cl 10 Jv "t•-. '\.· '"" ·-'-
Se:quia Sed Cl 100 , .... "t .... (, ., .. - 1.-\.'\ 
S.qt.da s.d C2 100 zv ~- 1· '"\ '\·\'\-
Sequi• S.O C2 100 

,_ 
"&.o(' •• "'-e>l '\ ';j 

<;:;:n:...J $eqt.ti• s.c C2 50 
,_ ..., ...... "\- '-1 :a-t( 

Seq.,i• Sed (2 50 
,_ 

---~ ....... :I ..... , l' Se~ir. Sed C2 50 
,_ 

"t ~~ .. "tV< ··U s~•· s~ a 10 ,_ "--'"·. -,..,. .... . .. 
S-eqvi• Sed (2 10 

,_ .. ..-., .. , .• r- ,_ ''( 

Seyia Sed C2 10 ,_ ....,. . 1 - "' '(.j 

Slllt.v.) 

Water Table Tft~P*t&tunt 
~~,._ ..... t .......... .,.,~~ 

temptraturl! within te$t jar '< """'.r- <l!!..o:{.- ....,;-

.:-... 'i- > s.....r~·~ "\-, ........... 
~...; .... - "' ...... -. 

Drain rna Middle Otl'ler Etld ' 
"%.e. ... ':1. t>. I '· . 

c ~; .,,...,_,......_ I " \ c ~ ......... 

0.35 



CO{ • Siiln fr¥!ci~o 
iio..ssay W.te!" 0..•1lty Oat• ,,.. I 

0.1tt• of' ObsetvatiOtl 't."' l- 'b" 1~- .,_. ... (.,. 

hae Qf Ob:lt'nu l on 
«:.server 

:'J,...OO- <})9 
±li£ii' 

!)-....; £"\.<;."\co 

Tr•at.ent lH1vtion Julio. Sal h1ity D.O. ,. 
l•l (o/oo) (og/1} 

873435 100 1 "'-<-·• .,_ ..... ~ ~· 
878<35 100 2 
87805 100 l 
878<35 ,. 1 
878435 50 2 t.i' .. ,, ... 0 , ........ 
&78435 ,. 3 
878435 10 I 
87843"5 10 ' ~- • , .... ' ., 
878435 10 3 

878436 100 I "l..t;.l: 87Mlfi 100 2 "\ . '.::: ' •t 
873436 100 3 
878436 50 I 
878436 ,. 2 
87Ml6 ,. 3 ..... So>· "t"\ ., ..... , 
878436 10 I 
87&436 10 2 
878436 10 3 1:,{" ... ,.'L .. "}-0'\. 

814437 100 1 "'.'l.".o '"[. !"\ ,,,.,. 
818437 100 2 
878<37 100 3 
878437 ,. 1 
818437 ,. 2 !;.• :J·•• 1 ,, 

878437 ,. l 
878431 10 1 
878437 10 2 ... ~ ... 1 ..... J ~'\ 

813437 lD 3 

87&438 100 1 
818<38 100 2 ~{,- ... " '. '1 .. 
8781138 , .. l 
878438 50 1 --·-
878438 "' 2 '"H , " "!>- ... -

87.8438 10 3 
878438 10 1 
87&438 10 2 
8784Ja 10 l -... ~- .......... 
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OOE - s.- r~~nci1CO 
1310.!~!.\y liat~r Qya1lty O~ta P'l91! 2 

'l. '\. :r-"" ?"'· ---~ Jue of Ob$ervation ,....,_,"'\0 
Tillie of ObservatiQft ~~.---......_ 

~ ... ,..l 

OOurvtr t'..;~ 

Treatalnt Dilution J•r 110. S•linity l).Q. pH 
<•I (o/ooi {-:;Jill 

8}8439 100 1 
818439 100 2 "'"" " '~-878439 100 3 
678439 50 1 
8.78.439 50 2 
8.78439 50 3 '" .. ,. <'to '!.· ..... 
8.78439 10 l 
878439 10 2 
878439 lO 3 ~- . "'1.-'t...' ., . '">'\ 

87844{} 100 1 
878440 100 2 ,..,,. 1·\) ·~ 878440 100 3 
878«0 50 1 
878440 50 2 
87e440 50 3 'l.,f.-• , ·1 \ ~-3713440 10 1 
81844() 10 2 
87a.40 10 3 "L ..... t-"-~ , ... l 

$78.Ul 100 1 ..... ""{ • I"'"" ,."1.( 
818441 100 2 
i$78441 100 l 
878441 50 1 ...,,. j-- " •4 878441 50 2 
818441 50 3 
87!441 10 t ~0:.-~ , .. ;:- , ...... 
&18Hl 10 ' 8784~1 ,. 3 

878587 100 1 
878587 100 ' .. ;;- <:> 

5;. """ " .. 87SS87 100 3 
878537 50 1 't.'SO·'> , " ~-878587 50 2 
678581 so l 
874S87 10 l 
878587 •• 2 ... , ~~ ' ....... -87S5a7 10 3 

Refertnee M20 l 
f!'tf~rl!nce 1'120 2 't."t ·~ 

""\ '""· "" il:ef•rtnee M20 ' 

0,37 
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Date of Obser ... ation Z..'O-~ 'V6 
Tl• of Ob5trvition I :t..o.n.r- ' ..,._ 
Ob'$tlrver rw-

1 riU•t._,t Ollu.t iort Jar~-

!•l 
Battelle 1120 I 
Bltttel:le tiZO 2 
Battelle lfZO 3 
B&ttene 1120 ' 8•tte11• lf20 5 
S•tteHe IJW ' 
~eqvle S~ Cl 100 l 
Sequia 'Sed Cl 100 2 
~quia Std Cl 100 3 
Seqt~i• Std Cl so 1 
Sequia Stil Cl so 2 
Wlu i• Sed: Cl so 3 
Sflq~oda ~ Cl 10 1 
~i• StO Cl 10 ' ~qui• StO Cl 10 3 

Sequ i • Sed C2 100 l 
Sequia Sed C2 100 ' Se-q1,1iJ1 StO C2 100 3 
Se-qui• StO C2 50 1 
Sf'Qula StO C2 50 2 
Seq:ui• SH C? so 3 
Sequia StO C2 IQ l 
SeqyiJI SM C2 10 2 
Sequia SH C2 10 3 

~ater T&ble Temperature 
TeQOer.ture •'thin test j.!or 
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APPENDIX E 

BULK SEDIMENT ANALYSIS RESULTS 



TABLE L Bulk Sediment Analysis Results in Wet Weight, Including Oetection limits 
where Concentration was at or Below Detection 

Ar•• Alutrn: Schnit.nr Todd Shinu4 

IJJtt.elle ld W..bor .,..., 6711i87 873"'7 871-434 87M3& &1M3$ 178U7 878431 87U1i 8784U !7f4d UIHl t78Hl 

St.t.ion .. .-..1.! __!! ..2!! __!!! ~ ~ ____n ~ ___!!! ____n T7o ~ 

CMpound Unit. 

Phtflol •tfkt ("') 14 u(•) !WCb) ... "" ... nu HU "" MU "" 11111 1tU .. 
b is (~~Ch loroethyl) Etlwar ugfkG (..t.) liU lOU lfU •• u ... ... "" "" "" "" I.IU "" .. 
2~Ch IIH'Of;\beM I "ffko ("'l 11U .. .. IOU '' Ol u ... "" t1U ... ... •• u " 
1, 3-ltiebloroknune ug/kt { .. t) ldl u 4.1 u J.li u •. , u .. ... "" DU "" "" "" nu ... 
1 ,4-0ichlo~btn.une uvJkg { .. t.) "" " .. "" ... ... uu "" itU •• u "" "" " 
!lenzyl Alcohol <~g/kg (wet.) IOU ... ... "" .. ... "" "" , .. u ... "" •• u .. 

"" 1,1-Dichlorab.nz•n• ug/ka c ... t.) 4.1 u 4.4 u ..... u 4.4 u " "" "" "" "" "" ... "" •• . - i!-"etl!)'lphanol u9/kt ("t.) "" "" "" nu •• 111 u .... 111 u ... u llf u 111 u lH U •• 
b i • (2-ch lero isopropyl )B.h•r ug/kt ("t.) "" ... ... ..u ... 241 u l'otl u :241 u ... u ... u , .. u ... u .. 
4-loleibytpb...,ol U4Jict { .. t.) liU uu l!U liU .. ... ..u "" ... •• u "" 02U .. 
H~Hitroao-Oi~n-Prop11atin• u;/kg (-•\) "" .. ... IOU NO , .. u 

'" u '" u 
... u Uf U 

'" u 
Ut U .. 

keaa~hloro•thlh• U9JIIg (•\) "" IOU IOU IOU .. IMU , .. u 161 u , .. u , .. u ... u Ul V .. 
Hit.roMnun• ugfkg ( .. t} uu "" "'" ... .. , .. u tOU , .. u lJI U "" ... u .. u .. 
lsop~ron• uv/kt ( .. to) "" "" uu ... .. ... u ... u .,. u 2-41 u mu ... u 211 u .. 
241i t.ropi!•llol \lf/kg {wt) .. u •• u ... ltU " .... 201U .... 

'" u 
2ttU "'" 20tU "" 

2,4·0iaethJlph•nol ug/kt ( .. t) ... "" "" "" •o "'" ... u 21t u ... u MIU 211 u .... .. 
S.:ntoic: Acid avilla (•-') "" .. u 02U •• u .. Ill U Ultf !liU S!JI U ueu """ .... .. 
bia(2·Chloroethoay}U.thant .. ""' (•>) ... "" ... .. u •• '" u 

22tU , .. u t.tl u 221 u ... u 11fV ... 
2, .t~Dic:h I or.ophefto I ... ,.., (H') "" ... 02U ... .. Itt u lltU !121 u "'" .... UIU .... "' 
1,2,4·Tric:hlorob•nl•n• ugfkg ("\) "" •o .. .. u .. 111 u 111 u 171 u , .. u HtU 111 u ... u .. 



TABLE E. Bulk Sediment Analysis Results in Wet Weight, Including Detection Limits 
where Concentration was at or Below Detection 

Ar" Alut.ra; Schn.i\t•r Todd Shipzud 

lbt.t.lll• fd IWabtt 178687 81tlia7 118617 &78:436 !78435 17ll<tN 111417 t71U6 871>411 17Wt t7ll441 1714U 818441 

Sht.ion _21 _21 _M "' ....!!! .......E ____!!! ___!! n. _!!! ___!! .....!!! _ill 

Co•eound ~it.. 

lbp~t.hllliM L18/kg; (nt.) &6 uC.) ... "" ... !Ol)(b) ... u .... .... ,,. u .... lll u I<IU lOi) 

4-Cit !1J(l)lft i I i IMI ug/kg (nt) HU "" "" "" 110 ... u ... u .... 171 u • .. u ... u ... u .. 
Httachl~~~tadi•n• ug/kg (wn} •• u •• u "" ... 110 111 u !11 u l11U 

'" u 
, .. u l1tU , .. u Ill 

<t~Chloro·S~Wet.hylph+n41 Ufil/ki ( .. t.) "" .. .. ... .. mu t71 u 111 u liiU 17f u ... u ... u "" 2~W.t.hfln•,ht.hlltft4; ugf'Et (nt.) "" ... "" ... .. liiU 1111 u ... u HIU 1111 u l7f u I .. U ... 
~· H.~lchloroctclopent.&dleAI ug:/kg (Ht.) "'" "" "" "" .. 181 u .... , .. u 111 u ... u .... ... u .. 
N 2,<t,I~Trichlorophenol ug/ltg (wt.} lfU uu IIU llU 10) "" ... .,. ... ... "" ... ... 

2,4,5-Jrithlorophlnol l.ilfig (wd.) 12U "" "" uu "" ... ... ... "" ... ... .. . "' t~Chloronaphth•len• uv/kg (1Nt) 2.i !J 2.'1 u 23 !J 2.7 u "' "" "" "" "" ... "" ... ., 
2~Wi~ro:tni liml ug/kg (n\} "" ... "" ... ., .... .... .... ... u .... .... .... ... 
Oi••\hyl Phthtlal• ug/k; (M\) !1U "" !IU !IU .. OIU ... •• u ... ... 92U ... ... 
Ae•l'!•pht.hyl•n• ug:/kg (nt.) "·· u 

1.1 u 1.1 u S.l U ., •• u lOU "" 
,.. ... "" IIU ., 

:S..Iiitrt'ui I in• ugJkg (wt,} "" uu "" "" .. Ht IJ 1110 ... u ... u 171 u .... IUU ... 
Aunapfl\h•M uii/1g (ftt.) •• u .. .. l!U .. D W(c) Ut U llt u .... 121¥ ... ... ., 
2,•·Dill i Lroph•nol \If/kg (nt) HI U ,,. u .,. u , .. u lOi) .... ... u .... """ .... .... .... .. 
4~Hi\N;fltl•nGI vgJkg ( .. t.} "" "" ... ... .. ... u • .. u ... u IHU !Ill u , .. u , .. u "' lllbtnzofurtll 11{1/11~ {ni.) "" nu ... "" .. • .. u , .. u .... llt u , .. u .... , .. u "' 2,4w0init,rotolu•n. "t/kQ { ... t.} !1U "" "" ,. u •• OIU "" ... "" ... ... •• u .. 
2,1-0ini\rotolu•n• ,.,k, ("') •• u ... "" "" .. , .. u '"" ... u 'llf u 241 u .... .... .. 
Di•thylpbthalat. ug/kliJ (u\) .,. liU liU $1M "' "" TaU "" 

,.. 
"" "" ... ... 
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TABLE E. Sulk Sediment Analysis Results in Wet Weight, Including Detection limits 
where Concentration was at or Below Detection 

A lc.t.rll 

118687 !11541 1118£11 17&4!:5 17!4SS e7UM 1114!7 811H31 t1109 IITiUt A71441 li11M41 Al8441 

Shtion 

4-0blor~~•nol-pbenrlether 

Fluo,-."* 
4-N i t.rotA i I ii'WI 
•,e-Olnotro-2-W.thJiphtnol 
"-Mitro.odip~nylaai~(l) 

~-Src.opbonyt-p~enyleth.r 

»l•lthlorob4nrene 
Pentethlorophenol 
Ph-":tAtht•l1• 

~11t.hrK6fle 

Oi-n-9u\71~thJiate 

Fl110r1nt.he11e 

Pyrone 

Butylbentylpt\thJitttl 

3,3'~0i~hlorob.nti4in. 

Benzo(a)Anthrtcene 
bis(2-£thrlhexrP)Phthtlaie 
ChrJ""' 
Oi~n-Octyl Phth1lat. 
Benro(b)fluorlnth4ne and 
Benzo{k )F I oor .tnthMe 
Benzo{1}Pyrene 
Imleno(t, 2 ,3-cd)P,rene 

!l i l>en.t (t,II}Mt.htlt:!N'UII 

&n.t(l(gh i )Porylene 

U.it.e 

ug/kt ( .. ~) 

u-g/kg (•tJ 

""~' ( .. t.) 
ugfkg ( .. t) 
ug/kg (wt) 
wall; ( .. t) 
~~~. (ftt.} 

UlilfllliJ (Mt) 
ug/kg ( .. t.} 

ua/llg ( .. t.) 

uo/kt (wet} 
Uf/11-Q {Mt.) 

Uf/kv c .. t.> 
Uf/kO (Mt) 

ug/kll (ftL) 
ug/ltg ( .. \} 
ua/kt ( .. t.) 
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TABLE £. Bulk Sediment Analysis Results in Wet Weight, Including Detection Limits 
where Concentration was at or Below Detection 
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TABLE E. Bulk Sediment Analysis Results In Wet Weight, Including Detection ll~lts 
where Concentration was at or Below Detection 
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TABLE [. Bulk Sediment Analysis Results in Dry Weight, Including Detection limits 
where Concentration was at or Below Detection 
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l~bct E. Bulk Sediment Analysis Results in Dry Weigh<, Including Detection limits 
where Concentration was at or Below Detection 

A.lc:at.nz 

&18&81 873511 818681 818455 81il4~ 87&4!6 8114!1 1178436 1114D 111439 811441 878441 &f!441 

Coapal.Hld 

Alpha*BitC 
Boh-M 
fire lu~llHC 
Cat•l·BHC (Lindane) 
lll!lpbchlor 

AldriA 
Hoptschlot fpcJide 
En<fosufhn 1 

Dieldrin 

"·' '~OOE 
Endrin 
E'tldcawlh!l n 
4,4 1-000 
Ettd0$ulfan Sulhh 
••• '-001 
Wel.h011Chlor 
Etldr it1 K.t.ont: 
Chlordane 

Ton,.h•ne 
J;ro.:lor•l'i& 
Aroclor~uu 

Aroc lcr-12.43 
Arr~clor-ll/54 

Aroclor-lut 

ug/kg (drr} 

119/kg (dr)') 

"lll'• (d'J} 
ug/-lcg (dr)') 

"lli .. l''rl 
""'" (dr1l 
ug/kit (dry) 
lfil/kg {dt1) 
uQ/kt ( d r:r) 
u;/kg (drr) 
... , •• (d,,) 
.. , .. (dtJ) 

ug/11; (drr) 
"lllk• (d'J) 
IJ9/kg (dtJ) 
ugJkg (dry) 

ut/kg (drrl 
uo/kt (drJ) 
utfl!:IJ (dry) 
ug/kQ (dry) 
u;/kg (dry) 
~/kg (drJ) 
ug/ko (dry) 
ug/kg (dtt) 

4.1 u 
•.• u 
4.1 u 
4.1 u 
•.• I) 
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•.• u 
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JbvW PercMt of .. di .. nt (dr:r weight.) •ithil'l *~cified seiwe 0~:-<- i:- l--~.. ~ ~ '-'~"-

1iu e:hsl"" ~l.J,.._ ""S·I'i\ 

8ttW.IIe Id llulob.r !7tU1 !71435 1734!6 1714lt7 11a.t34 873439 178Ut 676<(41 1184<41 
Station -21. --2! S2 --2! " "' ~ ___!!! T1 

o~ 

~dieent lyfHI S.ive Shiin •• "'' Percent. of Wat.eri1l Dcc~o~rring ill flch Sei¥1 Site 

) .$,15 - ' l.t& .... I.H •••• 1.11 1.42 l.li4 1.11 1.21 

.t.JI:i ~ 2.N - l 1.17 I.H 1.11 I.H '" .... L-42 •••• . ... 
'" - LH • l.t7 ._ .. 1.24 .... 1.$5 1.48 f.iil 2.11 1.6.2 -- U! --------------------- '-" - 1.51 l l.H .... .... '-" .... ••• lU2 L71 

''"" .... - 1.25 ' 4.11 1.51 lt.IS .... 13.74 .t.n 4.9& lL1:1 7.92 

t.t£ - 1.12& • ._ .. 1.61 !3.79 . ... u.et 11.14 11.13 21.26 ll.l8 

------------- -'·"' - 1.182 • .... Ul ,_ .. 1.12 .... !.44 . ... 4.21 4.41 

~ 
t.IIU - 1.148 ... 2.19 Lfl 4.1S U2 L27 .... 1.21 1.11 1.6! 

••••• - 1.1512 • .... J.U 2.117 I.Ol ,_ .. 1.11 4.71 Lt4 l,l7 
~ Silt 1.012 - 1.123 u ··" 1.21 2.49 1.12 ,_,. 3.12 1.21 1.11 1.11 

1.123 - 1.1158 • 8.28 a.u 1.1! 5.-44 2.16 1.87 1.26 1.84 4.11 
1.1150 ~ 1.1116 ' •••• 11.42 7.U 0.17 ~us 

···~ 
.... &.11 11.H 

----------~-- ~-· -···~~. • uo lf.$1 11.12 l2.4J '-!! .... .. lc.!!t~-· I,Jl ....... _t,._u ____ 
c1., 1.1131- 1.1111 • .... l2.U uo U.at 4.42 11.31 t.ll f.lt 1.44 

I fill - l.tNHtt71 ll I.U 21.17 ,_ .. 11.11 •. at 11.21 11.11 ,,. 1.41 

< t.IU9te 11 ,..,, !tAl 24.e4 U.tt 14.U !12.13 ..... 22.11 29.21 

lohl 1 .... 1 ..... 111.11 lO.It 111.12 ..... W.l7 1H.I1 ..... 
Ptrctnt Drt f•ight 0,111 U.tt M.aa 42.3'1 .... , .65.H .. _ .. 64.41 61.-41 

S••pl• l•ight (g GrJ} 1Lt29f 11.401 11.6422 •.• 812 14.6141 II.Ui8 U.e127 11.1117 u.eete 

~rc:tnt Reconry ..... ..... 97.21 it.4t t!.U N!.ll 14.91 fi.U 17.ta 
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N 

hblt Per(tmt of udiunt. (4r)' Might.) llhich p .. ••• t.hrough 

tei<v•• wlt.h tpo~cifled di•n\•r•. 

ht,wll• Ill Nvebfr t7t641 1714H ., .... 
St•tiOI\ __& ____!! __!! 

&1t437 a1ana mm 176-419 

____!! --...!! __!!! _ru 

Sttdi•en\. Tze- S.J,. Siu in •• ru hrc.n\. of W.Wri•l P•..,i~ Through Etch S.in $in 

J.U 
_, ..... lM.fi 111.11 llf.ll llf.tl R.lt 0.41 .... -I ,.,_., llt,t1 llf.H 111.11 111.11 "·"' tttli .... • M.o:t 99.11 W.7f 111.11 H.86 97.71 t7.14 

-----------~- .... I .. ... w.n ft:.U ..... M.66 t1.11 ...... 
S:tnd' 1.25 ' 91.15- 99.21 1!.11 ..... 14.t1 ..... 91.54 

1.125 • ..... il1' 71 li.lt ..... U,t2 111.64 79.t1 

------------- t.te2 • 7$',49 U.N 81.61 ..... SII.UI 71.tt 711.&1 ..... .. 77.U $14.12 82.41 lt.M 11.12 74.21 74.37 

1.1312 ' ..... G1.40 &9.7!1 81.!1 !lli.H 74.N 71.84 
Si It t.l21 ••• ..... tl.l$' 67.24 N.I.S 13.f8 71.14 81.44 

t.tua • 57 ... a7.72 6&.21 U.&t Jl. t.2 et . .s7 e&.lt 
1.1171 I 48.15 78.Y 48.78 71.72 21ii.l9 81.:0 Cl2.89 

-----------~- 1.11!1 I 41.49 u.a1 19.84 ..... 24.91 54 S6 5S.te 

Ch)' t.MUI I .t2.l!l 63.3S 3:l.tti 4S.QI 21.4Q U.Q1 44,78 

·--~18 .. 20.72 .n.4& 2.<4.17 n.74 if, lf a:Ln l4A2 

I 714ft f76Ul 
__!! Tl 

lH,tl IIUl 
... 01 "·" .. ... 951:.13 
U.7e !il1.42 

11.4& et.u 
12.11 7&.12 
67.14 71.72 
M.U 88'.89 
54.21 11.12 
u.u 84.11 
48.14 et.lt 
u.u: H. If 
31.12 44.11 
2'9.!3 18.84 
1'2.81 ...... 



F.l.l Organic• (Dr:t) 

Battelle Id Nueber 8784311 8784311 878.4311 8784311 

Station "' T5b I Sht 111'\l 

Capound Lnit.a 

Phenol ug/kg (dr:t) 160 u 130U ,,, ,,, 
b i 1 (2-Ch I oroet.h:t I )Ether ug/kg (dr:t) 180 u 140U ,,, ,,, 
2-Ch I o ropheno I ug/kg (dr:t) 180 u 180 u ,,, ,,, 
1,3-Dichlorobenlene ug/kg (dr:t) ... ... ,,, ,,, 
1,4-Dichlorobenlene ug/kg (dl")') , .. u 150U ,,, ,,, 
9enl:tl Alcohol .. ,,, (d'J) 1110 u 170 u ,,, ,,, 
1,2-Dich loroben1ene ua/ka (dr:t) "" "" 

,,, ,,, 
2-lllth:t I pheno I 

""'' (d'J) 
220 u 200 u ,,, ,,, 

b is (2-ch I oro isoprop)' I) Ether ~/kg (dr:t) 470 u 430 u ,,, ,,, 
4-lllth:tlphenol ugJkg (dl")') 110 u "" 

,,, ,,, 
H-Nitroao-Di-n-Prop)'laeine Uljl/kg {dl")') 

'" u 
,., u ,,, ,,, 

Hexachloroethane ua/ka (dl")') ,.,. ,.,. ,,, ,,, 
llitroben1ene ug/kg (dl")') 190 u 180 u ,,, ,,, 
laophorone Uljl/kg (dr:t} 430 u 3110 u ,,, ,,, 
2-Nitrophenol ~/kg (dr:t) 580 u 620 u ,,, ,,, 
2,4-Dieeth:tlphenol ~/kg (dr:t) 610 u 470 u ,,, ,,, 
8en1oic Acid ug/kg (dr:t) 810 u 560 u ,,, ,,, 
bis(2-Chloroethox:t)Wethane ~/kg (dr:t) 440 u 400 U ,,, ,,, 
2,4-Dichlorophenol ua/kg (dr:t} 810 u 660 u ,,, ,,, 
1,2,4-Trichlorobenzene .. ,,, (d'J) 33DU 300 u ,,, ,,, 
N1phth•l•ne ~/kg {dr:t) 51111 u 

'" u 
,,, ,,, 

4-Chloro•ni I ine ~/kg {dr:t) 3211 u .... ,,, .,, 
Hexachlorobut•diene ug/ka (dr:t) 33DU 300 u ,,, ,,, 
4-Chloro-3-Yeth:tlphenol Uljl/kg (dr:t) 

'" u 
:nou ,,, ,,, 

2-Weth:tln1phth1lene ug/ka (dr:t) 320 u .... ,,, ,,, 
Heuch loroC)'c lopentldi ene ug/kg (dr:t) 310 u 280 u ,,, ,,, 
2,4,8-Trichlorophenol ug/kg {dr:t) nau 100 u ,,, ,,, 
2,4,5-Trichlorophenol ua/kg (dr:t) 130 u 120 u ,,, ,,, 
2-Chloronlphth•lene ~/kg (dr:t) '"" "" 

,,, ,,, 
2-Nitroani I ine ug/kg (dl")'} 

"' u 
620 u ,,, ,,, 

Dieeth7l Phthal1te ug/kg (dr7) 180 u lDO U ,,, .,, 
Acen1phth71ene ug/kg (dry} lOU 33U ,,, ,,, 
3-Nit.roani I ine ug/kg (dry) 340 u 3111 u ,,, ,,, 

E. 13 



F.l.l Org1niu (Dry) 

Batte I Je Id Hueber 878439 87809 878439 878439 
Station "' T5b I Sht. """ 
Co. pound ~it.. 

Acen1pht.hene ug/kg (drJ) .... "" 
,,, ,,, 

2,4-Di n i tropheno I ug/kg {d'l') 1200 u 1100 u ,,, .,, 
4-Mit.rophenol ug/kg (dry) 370 u ... u .,, .,, 
Dibenzofuran ugJkg (dry) 300 u 270 u ,,, .,, 
2,4-Dinit.rot.oluene ug/kg (dry) liD U 1!10 u ,,, .,, 
2,!1-Dinit.rot.oluene ug/kg (dry) 490 u 460 u ,,, ,,, 
Diethylpht.halate ug/kg (dry) 140 u 130 u ,,, ,,, 
4-Chlorophenol-phenylet.her ugJkg (dry) 2110 u 240 u .,, ,,, 
Fluorene ug/kg {dry) 340 Ill 200 Ill .,, ,,, 
4-Mit.ro•ni I ine ug/kg {dry) !170 u !ltD u ,,, ,,, 
4,11-Dinot.ro-2-lltet.hylphenol ugJkg (dry) 1200 u 1100 u ,,, .,, 
11-Mi t.roaod iphenylaa ine{l) ug/kg (dry) sao u 

"' u 
.,, .,, 

4-Broeophenyl-phenylet.her ugJkg (dry) 240 u 21DU .,, .,, 
Hexachlorobenzene ug/kg (dry) SlO U "' u 

.,, .,, 
Pentachlorophenol ug/kg (dry) uou 210 u ,,, ,,, 
Phen1nt.hnne ug/kg (d'l') 1700 1900 '·" 11.11 
Ant.hncene ... ,., (d'7) 430 Ill 720 Ill .,, ,,, 
Di-n-Bvt.ylpht.hal•t.e ug/kg (dry} "'" 260 u .,, .,, 
Fluro1nt.hene ... ,., (d'7) '"" 2100 0.20 57.03 
Pynne ... ,., (d'7) 11100 "" 0.17 84.!12 
But.ylbenzylphth1lat.e ug/kg (dry) 710 u 070U ,,, .,, 
8,3'-Dichlorobenzidine ug/kg (dry) 30D u 270 u ,,, ,,, 
Benzo(•)Ant.hracane ug/kg (dry) 2400 UIDD 0.20 40.00 
bia(2-Et.hylhexyi)Pht.hlllt.e ug/kg (dry) "' "" .,, .,, 
Chryaene ug/kg (dry) S2DO "" 0.111 32.73 
Di-n-Dctyl Pht.h•l•t.e ug/kg (dry) !1011 u "' u 

,,, ,,, 
Benzo{b)Fiuor1nthene 1nd 

Benzo(k)FI uoranthene ug/kg (dry) .. " 31100 D.D8 111.47 
Banzo(a)Pyrena ug/kg (dry) "" "" 1.14 27.46 
lndano (1, 2, 3-cd) Py rene ug/kg (d'l') 11100 "" '·" li.lS 
Di benz(a,h)Anthracene ug/kg (dry) S7D U 340U ,,, ,,, 
Benzo(gh i )Perylene ug/kg (dry) 2200 2200 O.DD a.aa 

E. 14 



F.1.2 P .. t.idde:~ (Dry} 

Bittel I• Id K1.111~r 87&.43$ 818435 87!H3S s11m:s 87e439 6711439 378'3'9 117843'9 

Stal;iol'i Slo Sib t Sht ""' 
,,, TSb 1 St.ilt. RPO 

COIIpoi'"d l.hit.a 

Alph1~BHC 
"'''' (d•rl 

4.1 u 4.D U ,,. .,. .-.au 4:0 u ,,, ,,, 
Bet.I-H 

"'''' (d•:l 
4.1 u 4.# u .,. N/A 4.0 u 4.0 !J ,,. ,,, 

O.lh-BHC 'IJiktl (dol 4.0 u 4.1 u ,,, .,. 4.t II 4.1 u .,. ,,, 
eaa .... BHC (l tM•n.> "''"" {d..,) 

4.1 u 4.1 u ,,, .,. 4.1 u 4.1 u ,,, ,,, 
Hep\achlol'" - ''") 4.1 u 4.1 u .,, ,,, 4.0 u 4.1 u ,,, ,,, 
Aldrin "1111<• (d..,) 4.1 u 4.1 t: ,,, ,,. 4.1 1.1 4.1 u .,, .,. 
Hepbchlor filoxid. 

"'""' (d..,) 
4.1 u 4.1 u .,. •t• 4.1 u 4.1 u ,,, ,,, 

&!dew.~ If"' I """"(dol 4.1 u 4.1 u "'' 
.,. 4.1 u •.• u .,. ,,. 

Di•ldrin - (f'J') ••• u ••• u .,. ,,, a.o u •.• u .,. ,,, 
4,4•--DDE - {d'f) uu 1.1 u "'' N/A a.o u a. au ,,, ,,, 
truirin - (d'f) 1.1 u 1.1 u 1/A ,,, a.a u •.• u ,,, ,,, 
truiotvl hn ll -{d..,) 1.1 u •.• u .,, ,,, a.a u •.• u .,. ,,, 
·~···DOO "11/f<u (<..,) •.• u •.• u ., . ,,, 4.!1 u a.o u .,. .,. 
~UlfM Su!flt.. "11/f<u t•..,> ••• u 1.1 u .,. ,,, a.11 u l.fl u ,,, .,. 
4,41 ·DOT "11/f<o (dnl 1.1 u 1.1 u .,. ,,, a.a u I.D U ,,, ,,, 
•t.~toxJ(:h I« 

""'' (drJ) 
••• u 1.1 u .,. .,. 1.11 u 1.11 u .,, ,,, 

Endrin ~•ton. "11/f<o (d'fl 1.1 u l.t u .,, ,,, 1.11 u uu ,,, .,. 
ChlordtM "'/kg ,,..,, 15.1 u 11.1 u .,, ,,, uu u 11.11 u ,,, .,. 
ToupMM "11/f<o (do) 4111 u 1111 u .,, .,. 8110 u 101 u ,,, .,. 
Aroclor-1011 ..,,., ''"l ... OIU ,,, .,. IOU ID U ,,, ,,, 
Aroclor•l242 "11/f<o ,,..,, aau aau ,,, ,,, IOU 80 u ,,, ,,, 
Aroc10t·l244 "11/f<o ,,..,, •• u IIU .,, .,, 100 188 .... lO.U 
Aroc 101' ... 12&4 "11/f<o (d'f) lOD 101 I.ID O.DI ... ... 1.81 .... 
Aroe:lor·11011 ... /1<. (d'f) IOU oau •t• .,, 130 ... ... , 14.29 

E.l5 





APPENDIX F 

CHEMICAL ANALYSIS 



f .l.S llkt,•l•, Crg1Mlins, TIJC, Ci I 1nd Gr••H, (y~id•, •nd Sulfidu (Dry) 

Slllt.ll• ld Hu•ber 871!!1436 t7!43& 878US !11435 8784!9 !784Si 1711Ui t7Mat 878441 871<t41 8714>11 171441 
Shtion '" ... J Sh~ """ , .. T&b 1 Slit. RPO IT• T7b I Sut RPO 

Co.potHid lltt!h 

Antiaony Ug/g' (dry) 2.68 .. N/A N/A U:.l2 U.llS 0.0 0.7 11.39 .. MIA .,. 
Arll:el\i( ugJg (df'J) 11.80 "' .,. .,. 11.30 Ul.40 0.1 17.4 1.21l " 

,,. N/A 

C.d•iu• "'ll• <•••> 1.42 " .,. N/A 2 .• ~ 2.13 u ••• L!3 .. .,. ,,. 
Chrottiu• u;/t {dr7) 2!0. oc "' .,. ,,. SiD, 110 ni.OC • •• 1 ·' 

4!7. no Nil ,,. .,. ,.., ,,,, (dq) 11.10 .. .,, ,,, m.aa 321.10 •. 0 0.3 nuaa .. ,,, .,. 
l.ud u<lfg (d•J) 41.40 .. .,. ,,, 177,00 175.00 ••• 1.1 174.011 ND .,. ,,, 
llercury "!lio <•••> o.u NO .,. ,,, 111.30 !.40 ••• 1.2 2.7!1 "' .,. ,,, 
Mtckel ~It (dr:l) 121. aa .. .,. ,,, ue.na tss.oa ••• • •• 1$6.00 .. ,,, ,,, 
S.i•lliua ug/11' {dry) .... "' 

,,, 
"' I.Sl .... 0.1 22.1 a.n .. N/A N/A 

Silv•r u;Jg (dry) 0.46 .. .,, N/A LOI .... ••• 1.0 lUll MD N/A ,,. 
~ 

Th1lliv. "'ll• <•••> t.64 " .,. ,,, 0.62 l.&.i t.l 12.1!1 0.46 •• N/A ,,, 
' Zit~c uo/1 (dr7} 111.011 " 

,,, . ,. 428.ll:D UiJ!I ••• 1.1 287' 00 .. .,, ,,, 
~ 

Won(l.-butyltl" uiJikg {dry) 17.1 !0.1 0.1 14.4 2.1 u .. ,,, .,, lfl.2 u un.e '" 
.,, 

Di-bu~yH.lt~ uo/kt (drJ) 21.3 .... 0.2 .14.8 2.4 u .. .,, M/A 105.11 11! .! 0.2 U.f 

Tri·lw~)'lt.in ugjkg {dtJ) , ... JJ.& 0.2 4UI 1. 7 u .. .,, .,, 43.4.11 '729.& 0.3 lit.& 

To~1l 8u~1ltin1 ugJ,kg; {dry} 121.1 18&.4 0.1 26 . .t 8.2 u .. .,, ,,, bU. \1 1002.& Q.J 68.2 

Tot11 Ort•~ic '•tbol\ I (dr7) •• NO . ,. ,,, ••• 2.0 ••• ••• u •• N/A .,, 
Total Oi! and Qr•••• ug/r: (dq) 271 .. .,, . ,. 1!42 ... 0.2 .. .. 414 .D 1.2 u .,, ,,, 
Cyanld• ug/o (dry) Ll U 1.2U NJA ,,, 1.2 u 1.2U 'I' ,,, L2 U 1.2 u .,. .,, 
TQt$1 Sulfid•:t ug/~ (drJ) 2!4.6 "' 

.,. . ,, 442.& SD!I.e 0.2 .... ..... • • .,, .,. 
()isnlved' s~,~!fidea uo/g (dry) 05.7 .. .,, .,. U:fLI "' .,, ,,, 1042.7 IB42.7 1.1 •. 0 



S.t.t.. II• Id Mu•bsr 87BUIJ l18-43'il 87!1439 873439 
S~1\ion TS. m I St.u. 11>'1! 

s.d i ••nt. Type cr,in Silt in •• Phi 

> s.as: - 2 1.42 0.£4 1.11 25.80 
.S.J& ~ 2.110 - 1 .... 1.42 U7 114.00 
2.itll • 1-Dt 0 1.49 0.91 1.24 48.80 

-----~ l.IHI - O.H 1 0.00 o ... .... I.DD 

""" Ul- 0.2$ 2 '·" .... .... 1.80 
0.:15 - 0.125 • 11.34 11.7! . ... 8.80 

------- 8.12&- 8.Nt • .... .... .... !.II 
8.GU- 0.14! ••• .... 1.21 .... lJUO 

8.1141 .. I.Ul2 • D.1i ,_,. o ... 188.00 
Sil\ 1.1312 - 1.023 ••• a.o2 1.21 .... 1.81 

D.OU .. D. 111M • 1.17 .... t.n 141.00 
8.0'151 - 0.0073 7 1.04 i.30 Ul 41.00 

----- IL 0!171\ - IL !ltl3t • o ... .... fl.lt 26.DG 
D.DD3i- D.il019 I 11.!0 1.10 D.11 21.00 

Ch7 o.om - o.oooon 18 10.22 ,._ .. t.Dl 1.00 
( 8.DUG974 11 32:.71 ..... 1.02 6.00 

F.2 



u AltiLYS!S Of ~y (ST~RO ~E WAT6UIU) 

F .2.1 n .. ganin Shnd,trd Rderence ~i•ent. (;!OM) 

An•lyte Ana lyt.e l ~:tpons\'1 

C"'pound IJnih Added Detected {Det..cted{Adi.ied x IIHl) 

Phtnol t,~IJ/kg (dry) "' "' 127' 27 
b i 1 (2NCh I orMt.hy t)Et.hor ug:/k9 (dry) '"' 21U ,,, 
2-ettloro~nol ug:fkg (dr)') "''' 23U ,,, 
1,3-0i~hlorobtnr•n• .Vk• (4•)) .. 51 8$.00 
1,~-Dichlorobtnten• ug/kg (<ir7l ,. 

"" 
,,, 

Btn:r:rt Alcohol 119lk9 (dr7) .. ,. 
"" 

,,, 
1,2-Di~lorabln:r:•n• Vflk; (dry) "' 

,, ••••• 
2-lllt.h,.lph.nol "9/ko (d,,) .... 20U ,,, 
bia(2-d\IQtO!sopr~l )Ether "9/ko (d,,) .... "" 

,,, 
Hitthyl pMoo: I ... , .. (d•)) "' "' 106.81 
N-Mit.roao-Dl-n-Propyltaln• 

"'"" (d'Y) 
.... "" .,. 

lfelathloro.thiM -v•· C<'1) - l7U ,,, 
MitroD.nu~tt 4gjkg: (dry) - "" "'' Iscphoru~e ... , •• (d•7) "' 140 uo.oo 
2-lllit,..enol ... , •• (d,,) ,.,. 

"" 
,,, 

2,4-Dl .. t.hyl ph• no I .. , .. (d'Y) .... "" 
,,, 

Ben:r:olc Acid ... , .. <••1) .... lOU ., . 
bis(2-Chlora.\hory}~h.nl 

"'"" (dry) 
.... "" .,. 

2,4--0iehJotophenol .,,k. (dl'1) .... IOU .,. 
1,2,4-Trichloroblnr•n• vo/llli'j (drJ) .... «U ., . 
lil•flhU.tllnl ~o~g/kt: (dr7) '" "' l.U.OQ 
4-Ch I oro•t~ll i 110 uv/lr:o (dtrl .... "" 

.,. 
Kexach lorobut.•o'i•n• 111/k; (drr) "'"' "" 

.,. 
4-Chloro-3-W.\hrlpheno! ... ,k. ,.,.,, ..... «U .,. 
2-!MthylM,h\tUIIIM Yg/k; (drr) '" "' 110.00 
Hlli:ach loroc.7r I op.nhd i n• uo/kg (dry) "'" •• u ,,, 
2, 4,.._ Tridlloi'Ophenol 

'""' (d,,) .... l<U .,. 
2, 4, i-Trichlorophtnol ~~~J/k; {drr} .... "" 

.,. 
2-0.Ionxnph\hllona uv/k; (dry) .... '" "'' 2-ifittoani I in. 019/kt (drJ) - "" .,. 
OiuthJI flt!thah:t. .Vko (d,,) - nu .,. 
kfllaj)bthy j.,_ .Vko (dry) "' •• 95.00 
1--Mlfil'lHmi li~ ...,.. (d'7) .... "" .,. 

F.3 



F.2.1 !lrg:anies St..ndatd .Referenu SediHnt. {Mt!M) 

Anal1t.e Anef1t.e I Ril:tJXI!\Stl' 
CQepound tl!lib """' :Jet.ct.d 'Oothet.ed/klded ~ tOll} 

Acentpht.MM UQ/ta (dr1) "' "' lSlUHI 
2,4-Dinf\rophencl UQ/k; {dr)') NoM UIJU H/A 
4-Mi\.ropMt~ol u;/k; (dry} NoM "" .,. 
Dikn.r:ot'ur1n "'''' <•••l NoM 5.3 Ill H/A 
2 ,4-0i ni1.rot.4o lu•n• "'''' (d•Jl NoM 23V .,. 
2,5-Di ni ~,..t,o luen• ""'' <•••l NoM .. v "' Oiethylphth•l•t. u;{kg (d'rJ) NoM IOU H/A 
4-ChlorOJ!htno 1-phenylt\.htr u;{kg {dry) 100 ''' 1111.00 
F lucreM llf/k; (dry) m I'D 140.00 
4-Ni\roanlliu ..,., <•••l - '"" H/A 4 ,1-Di no\.1'9-2-Yilhylphei'IO I ""'' (d.,) - 161 u H/A 
IHl i\.1'0&01! i phenyl a ill* (1) ..,., (d'J) - "" H/A 
4~~-,,--,,.Ute, - <•••l "' 

,., 2111.00 
Kelftclil~"" .., .. <•••l NoM uu .,. 
Pwri.xlllo~! - (d'l') ... "' 144.&7 --- ..,., (d'J) m ... 2CO.OO 
M"'rKIIM - (d'7) "' 

,., 160.08 
Di-•-MylphUa l•tt - (d'7) NoM ... "' Fl~~:~,. ,..., (d'l') '" 

,.. UIO:.QO 
PJr~~t~• - (d'J) 101 ,., 1CI8.DCI 
Mylt.lr:Jiph"'•I•W u9/kt (dr,.) NoM '"" .,. 
3,11-0lclllorob.n:r: idi u .., .. <•••l - .. u .,. 
Be~to(a)An\.lirte•n• ug/ka (drJ') lDD '" 208.00 

b 1•(2-ah,. Ill••'' )Pht.h•l•tt "'''' <•••l "' 170 171.00 
CkrytM• "'"' <•••J lDD 210 2lt.OO 
Di-n-lctJI Pb\hlltW ""'' (d•7) - "" ,,. 
S.nzo(b)fhtoran1.h•fl• 1nd ~~t/ko (drJ') m 170 171L8D 
S..zo(k)FIIIOnQth•n• llfikt (dr,-) NoM '" 1/A 
S.nzota)PJrene .. ,,, (4'7) "' "' 200. DO 
Indeno(1,2.kd)P;rret~e 

""'' (d'7) 
m "' 120, DO 

Oibenz(a,h)Antbracene 
.. "' (d'l'l "' "" 22'0.1)0 

Blmlla(Jhl)hryl- vtl\:9 {dry) "' , .. 240,0:0 

F.4 



F.t.2 Paat.lddu 

*thr:kil did Mt. glYa detection llait for P4st.lddejPC8 ~alysis 
th11t ~ul4 1llow for det.ect,ion of \ha SRiils 

F.2.3 W.t.al•, ~rg~otin•, TOC, Oil •nd Qraue, CJ'anid41, And SulfiUa (tat.) 

SRiil H!.t! 

C.M.ifiM c..- UniU ~. Rlna-

Mtieony ,g~, (dty) .... 
Arsonic ug/g (4ry) 10 30~12:.911 

Cad•iu• u~/11 (dr7) 8.2:9~11.43 

Cht~iua uo/11 (dr7) 73.00-711.110 
Copper uglg (dr)'} 15.00~2UJD 

l.o•d ,g~, (dty) 3.40-30.110 .. ~, 
""' (d'Y) 

I,OS..O.G8 
•tckal ,..,, (dry) 29.01-U.DO 
S.l.nilllt 

""' (dry) 
.... 

Si l¥er 
""' (d'1) .... 

Thalli uti vt/9 (dr7) .... 
Zinc vt/9 (drJ) U2.00~1U.ID 

llo S:Unda~ R.(u•m:• U.Wrials ani lab I• (or 
Gflpnotin•, Tne, C:fllnide, !if' "Sulficfu. 

r.:,,.: Craitt Site 

...... 

F . .S ANALYSIS OF 1ETHODS (SPlXB) 

........ 
c-. 

"" 12.411 

0.!7 

88..110 
19.40 
2S.i!t .... 
32.to .... ..... ..... 

132.80 

F.5 

SIIIIESS-1 

C.M.iflft<! .......... 
Cont. bftG* CcK. 

,..,. NMo 
11.-40~11.811 u.ea ,.,. 

""'" SO.D0-82.0G 12. DO 
21.3tl-2&.'aD 23.110 
27. 110~40.111 31.110 ..... .... 
M.$0·32.20 26.00 ..... .... ..... ..... 

"" .... 
174.1D~'Z08.00 190.00 

SAW PAC5-1 

e.n. it itt<! i&nsure<l 

"""' .. ... c~, 

.... None 

201LIIII-222.ilD 167.110 

Jfone None 

111&. 00~121. 00 111.0~ 

43&.00~48&.00 410.00 
384.0~424.00 409.0& 

4.41~4.73 4.52 

U.HI~S.lO -48.9!1 
I h~l.U 1.03 ..... ,.,. 

..... . ... 
802.8MIC!I.DO 1110.110 



F.3.1 Organic• 

Wat.rix Spike Percent. ltbt.rix Spike Percent. 

Concentration Reco¥er.)' Concentr1t.ion Reco¥er.)' 
Alcat.raz Ia Iand Sedieent. l.k1 i t.s Rep. 1 Rep. 1 Rep. 2 Rep. 2 

B11e Neut.ra I 1 

1,2,4-Trich torobenune ug/kg (dry) "" 112.1 '"' 711.1 
Acenapht.he11e Ull/kg (dr.)') "" 112.4 "'' 83.8 
2,•-0ini~rotoluene ug/kg (dry) "" G8.3 5G10 "·' PyreM ugjkg (dry) "" 111.11 ,.,. ... 0 
N-Ni~ro.o-Oi-n-PropJiaeine ugjkg (drJ) 11550 102.0 ,,.. G7.7 
1,4-Dich lorobenzene ugjkg (dry) 5Dn 711.2 "" 75.8 

Acids 

Pen~achlorophenol ug/kg (dry) 0708 117.11 82114 84.4 
Phenol ugjkg (drJ) 10885 83.2 10175 711.4 
2-Chlorophenol Ull/kg (dry) 11231 87.3 10503 81.11 
4-Ch loro-3-IMt.hJ lpheno I ugjkg (dry) 13028 102.0 17193 .... 
4-Ni~rophenol ugjkg (dry) 17112 134.0 15084 118.0 

F.3.2 Pesticides 

Ga11a-K (lindane) ugjkg (dry) 1.1 71.0 ·~Reported a.s.o 
Hep~achlor ugjkg (dry) 1.0 ".a ·~Reported IIIU 
Aldrin ugjkg (drJ) 1.0 .... ·~Reported 85.0 
Dieldrin ugjkg (drJ) 1.0 711.0 ·~Reported " Endrin ugjkg (drJ) 1.0 105.0 ·~Reported 122 
4,4'-DOT ua/k; (dry) 1.0 78. D ·~Reported 78 
Aroclor-12110 ugjkg (dry) 1.0 100.0 Mo~ Reported " 

F .6 



F.!.! V.tals, DrgtnotiM, TtiC, Oil tM Greue, Cr•ni.H, .nd Sulfidu 

.S785a7 (Al) &18439 ff$) 

lllttrix Spik• Pflrcent. Wat.ri w Spike Perctnt. 

COflcent.nt.ion Recoverr Concent.rttion Rec:overr 

Vllthls !k!it. Rep. 1 Rep. 1 Rep. 2 Rep. Z 

AntiiORJ' 111/0 (Gry) li.QO .... IUIO .... 
4 AtMllit 

""'• (d•rJ 
.,. . ,. ., . ,,. 

Csd.i~ ut/Q (rlrr) LIID 111.1 1.110 95.0 

t Chr011iu. wt/i (4rr} . ,. . , . .,. ., . . """' Iiiii (dr7) . ,. . , . ., . ., . ...... 
""'• (d'Y) 

. ,. ., . "'' .,. 
W.rtlu'r ug/g (drr) .... lie.i .... .. 
• Michl ""'• (d'f) 

,,. . ,. . , . .,. 
S.lenin 

""'' <••rJ L" lh.l 1.00 .... 
Sil¥~r u;Jc {di'J) .... tUI .... .... 
Thtll iu. 

""'' (d')') 
,, .. 115.11 1.111 n&.l 

Orpnotins 

Mono~~tyltin 
'"' (4')') 

18e1.41 78.0 tallli.O 76.0 
Di-hut.yltin ng/g (rlrr) 111111.8 ra.a 180fi.C 78.0 
Tti-but.rlt.in n~/11 (-dry} 1851.8 ou 1806.0 14.0 

Totti llrpnic Carlxm I .,. ,,. .,. .,. 
Cr~nlde 

""'' (dey) ••• 14.11 . ,. ., . 
lobi S41lfid• 

""'' (d'Jl 
111.1 77.111 M/A .,. 

Diuol..-.d Suffidu 

Oi I Vld Ctease MIIJsis API §!Jndtrtf 11 AP! StJ~Irtf 12 
S,ib ilnsurtld Certifitld liluurod 
c-. -· c-. Con<. 

Oil .nd Cruu llt/g (drr) 38.4& .. 1.01 u2. c~ m.oo 

F • .S.4 Qnin Sit1 
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F.4 PERCEHT SURROGATE SAWPI...E RECOVERIES BY STATION (Or7 lei~ht.) 

F.4.1 Dr~anic.t 878435 878438 878-437 878438 

51 52 S3 14 
Bue/lleut.ral.t 

d5-Nit.robenxene 70.4 47 .II 82.0 48.0 

2-Fiuorobiphenyl "·' 03.7 102.0 03.1 
d14-p-Terph•n71 .... 109.0 1110.0 147.0 

Acida 

d5-Phenol 7!1.8 87.2 82.4 117.2 

2-Fiuorophenol 70.11 73.!1 89.0 73.7 

2,4,8-Tribrolophenol 101.0 87.7 82.5 87.3 

F.4.2 P"t.icide.t 878435 178430 878437 878430 

51 " S3 14 

Dibut.ylchlorebdat. 92.0 1111.1 101. a 17.0 

F.4.!1 lllehls, Or9anot.in1, TOC, Oil and Cr .. M, Cyan ida, and Sulfid .. 

Wet.al• 

Organot.ins 

Triprop7lt.in 

Tot.al Organic Carbon 

Tot.al Di I and Crease 

Cyanid• 

Tot.al Sulfides 

Diasol•ed Sulfides 

F.4.4 Crain Size 

Percent. Reco•ery 

878-435 

51 

,,, 

130 

,,, ,,, ,,, ,,, ,,, 

87843S 

51 

98.811 

878430 

" ,,, 

" 
,,, .,, ,,, ,,, .,, 

87843tl 

52 

"·"' 

8784!17 

S3 

,,, 

140 

,,, ,,, ,,, ,,, ,,, 

878437 

S3 

98.49 

F.S 

878-438 

" ,,, 

110 

,,, .,, ,,, ,,, ,,, 

878438 

14 

93.1S 

87.8439 

!So 

57 .a 
98.2 

1211.0 

73.0 

80.8 

84.1 

878439 

TSo 

85.0 

878439 

T5o 

,,, 

"' 
,,, ,,, ,,, ,,, ,,, 

878439 

15o 

91L01 

87843~ 

15b 

46.11 

711.8 

92.8 

82.0 

71.5 .... 
878439 

m 

97.0 

878439 

l5b 

,,, 

'" 
,,, ,,, ,,, ,,, ,,, 

87843~ 

T5b 

94.97 

878440 

TO 

52.7 

89.7 

117.0 

72.5 

79.5 

82.1 

878440 

TO 

108.0 

8784411 

TO 

,,, 

" 
,,, ,,, ,,, ,,, ,,, 

878440 

TO 

99.43 

878441 

17 

51.1 

87.7 

124.0 

89.3 

78.5 

73.0 

878441 

17 

78.0 

878-441 

17 

,,, 

'" 
.,, ,,, ,,, ,,, ,,, 

878441 

17 

97.28 

878587 

A! 

78.8 

88.2 

98.5 

80.8 

82.4 

91.5 

878587 

Al 

149.0 

878587 

A! 

,,, 

'" 
,,, ,,, ,,, ,,, ,,, 

878587 

Al 

96.115 



APPENDIX G 

EQUIPMENT LIST. CALIBRATION AND MAINTENANCE RECORDS 



Appendix G. Equipment List, Calibration and Maintenance Records 

Analysis: Organics and Pesticides. 

Performed At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Information: 

Sample Tracking: 

Responsible 
Person(s): 

Analytical Resources, Inc. (ARI) 
Seattle, Washington. 

Hewlett-Packard 5890 Gas Chromatograph. 
Hewlett-Packard 7673-A Autosampler. 
Hewlett-Packard 3392-A Sample Integrator. 
Hewlett-Packard 3393-A Sample Integrator. 
Capillary column equipped with 2 electron 

capture detectors. 

Finnigan Model 4000 Mass Spectrophotometer. 
Finnigan INCOS Beta System. 
Hewlett-Packard 5790 Gas Chromatograph. 

Oaily calibration by ARI personnel using US EPA 
Contract Lab Protocol (CLP). Performance checks with 
Standard Reference Materials (SRM's) by ARI personnel 
before run series. 

Maintenance by ARI or Hewlett-Packard personnel 
on routine basis or when indicated by performance 
checks. 

All analysis tied to specific machine and operator 
via sample tracking form utilized by AR!. 

Dave Mitchell. 

G.l 



Appendix G, Continued 

Analysis: 

Perfonned At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Information: 

Sample Tracking: 

Responsible 
Person: 

Total Organic Carbon (TOC). T1ltal and Dissolved 
Sulfides, Cyanide. 

AmTest, Inc. 
Redmond, Washington 

Dohrmann DC-180 Carbon Analyzer 

Schmadzo Spectrophotometer (Cyanide Analysis) . 

Titration Buret (Sulfide Analvsis). 

For Dohrmann and Schmadzo devices, calibration was 
performed daily by AmTest personnel. 

Maintenance on Dohrmann and Schmadzo devices was 
performed monthly by AmTest personnel. 

All analysis tied to specific machine and operator 
via laboratory book system approved by AmTest and 
verified by John Daily. 

John Daily 

G.2 



Appendix G1 Continued 

Analysis: 

Performed At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Information: 

Sample Tracking: 

Responsible 
Person(s): 

Organotins 

Batte 11 e MRL 
Sequim, Washington 

Hewlett-Packard 5890 Gas Chromatograph 
Hewlett-Packard 5970 Mass Selective Detector (MSD) 

Gas Chromatograph calibrated daily with 
tributyltin standards. MSO calibrated daily with 
perflurotributyltin standard (internal standard). 

Maintenance by either Battelle or Hewlett-Packard 
personnel. Schedule dependent upon use, hut usually 
monthly. 

All analysis tied to specific machine and operator 
via Battelle's laboratory book system. All data 
approved by E.A. Crecelius (Battelle MRL). 

E.A. Crecelius and T.A. Fortman. 
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Appendix G, Continued 

Analysis: 

Performed At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Information: 

Sample Tracking: 

Responsible 
Person(s): 

Mercury. Silver, Cadmium, Selenlum 1 

Thallium and Antimony. 

Battelle MRL 
Sequim, Washington. 

Laboratory Data Control Cold ~apor Atomic 
Absorption SpectrophotJmeter for Mercury. 

Perkin-Elmer 5000 Atomic Absorption 
Spectrophotometer for Selenium, Cadmium 
and Silver. 

Perkin-Elmer 3030 Atomic Absorption 
Spectrophotometer for Thallium and Antimony. 

-~· ~~----

All instruments calibrated daily with Standard 
Reference Materials {SRM's}. 

Maintenance by Battelle or authorized technical 
representatives as needed or when indicated by 
calibration results. 

All analysis tied to specific machine and operator 
via Battelle's laboratory book system. All data 
approved by E.A. Crecelius (Battelle MRL}. 

E.A. Crecelius, C.W. Apts and O.A. Cotter. 

(/-

_....--------· 

-z.~ ~\....1,....., ~ ........ <......- ~..........- ~.s-~~­
~~ ....... ......,_. 
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Appendix G, Continued 

Analysis: 

Performed At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Information: 

Sample 
Tracking: 

Responsible 
Person(s): 

Chromium, Lead, Nickel, Copper, Zinc, Arsenic 

Batte 11 e PNL 
Richland, Washington 

Kevix 0810 A Xray Fluorescence (XRF) 
Computer controlled with a 
Canberra Jupiter System (POP 1134 A) 

Battelle Computer Codes: 
SAP-3 
MCA 
XRF 

Calibrated at the beginning and end of each run 
with USGS Standard Andesite and NBS Standard 1646. 

As needed or when specified by calibration results. 

All analysis tied to specific machine and operator 
via Battelle's laboratory book system. All data 
approved by R. Saunders. 

R. Saunders 
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Appendix G, Continued 

Analysis: 

Performed At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Infonnation: 

Sample Tracking: 

Responsible 
Person(s): 

Oil and Grease. 

Battelle MRL 
Sequim, Washington. 

Beckman Acculab 4 Infrared Spectrophotometer. 

Calibrated daily with API reference oil by 
Battelle MRL personnel. 

Maintenance by Battelle or Beckman personnel 
as needed or when indicated by calibration results. 

All analysis tied to specific machine and operator 
via Battelle's laboratory book system. All data 
approved by J.Q. Word (Battelle MRL). 

J.Q. Word and L.M. Franklin 
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Appendix G, Continued 

Analysis: 

Performed At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Information: 

Sample Tracking: 

Responsible 
Person(s): 

Grain Size 

Battelle MRL 
Sequim, Washington 

Tyler Standard Seives 
Mettler AC-100 Analytical Balance 

Mettler Analytical Balance calibrated every 12 months 
by Quality Control Services, Portland, Oregon. 

Mettler Analytical Balance maintenance every 12 months 
by Quality Control Services, Portland, Oregon. 

All analysis tied to specific balance and analyst 
via Battelle's laboratory book system. All data 
approved by E.A. Crecelius (Battelle MRL). 

E.A. Crecelius and c.w. Apts. 
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Appendix G, Continued 

Analysis: 

Performed At: 

Equipment: 

Calibration 
Information: 

Maintenance 
Infonnation: 

Sample Tracking: 

Responsible 
Person(s): 

Oyster Larvae Bioassay 

Battelle MRL 
Sequim, Washington 

Mettler PE-3600 Analytical Baiance 
American Optical Corporation Refractometer 
Kessler Model 74A-136 Thermometer 
ERTCO FC-36486 Thromometer (Standard) 
Orion Research Model 701-A Digital !analyzer 
YSI Model 58 Digital D.O. Meter 
RICCA Buffers 
I. A. P .0. Standard Seawater (3!i o/ oo) 

The Mettler balance is calibrated annually by 
Qulaity Control Services, Portland, Oregon. 
The Refractometer and Kessler Thermometer were 
calibrated by Battelle personnel before the bioassay 
test to Standard Seawater and ERTCO thermometer, 
respectively. The Orion Iona·lyzer was calibrated 
before each use with the RICCA buffers, and the 
YSJ D.O. Meter was air calibr•ted (100% saturation) 
before each use by Battelle personnel. 
Standard Stawater 

With the exception of t~e analytical balance, 
maintenance is perfonned on an "as needed 11 basis 
(determined by calibration results) by Battelle 
personnel. 

All measurements tied to specific instrument and 
analyst via Battelle's laboratory book system. 
All data approved by J.Q. Word (Battelle MRL). 

J.Q. Word and J.A. Ward. 

G.S 
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DISTRIBUIIIDI 

No. of 
Copie~ 

OFF SITE 

2 DOE/Office of Scientific and 
Technical Information 

s. Le:nlich 
U.S. Army Corps of Engineers 
San Francisco District 
211 Main Street 
San Francisco, CA 94105 

R, Chisholrr. 
U.S. Army Corp of Engineers 
San Francisco District 
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